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EDITORIAL

Ultrasound elastographic techniques in focal liver lesions
Clara Benedetta Conti, Federica Cavalcoli, Mirella Fraquelli, Dario Conte, Sara Massironi

Abstract

Clara Benedetta Conti, Federica Cavalcoli, Mirella Fraquelli,
Dario Conte, Sara Massironi, Gastroenterology and Endoscopy
Unit, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore
Policlinico, 20122 Milan, Italy

Elastographic techniques are new ultrasound-based
imaging techniques developed to estimate tissue
deformability/stiffness. Several ultrasound elastographic
approaches have been developed, such as static
elastography, transient elastography and acoustic
radiation force imaging methods, which include point
shear wave and shear wave imaging elastography.
The application of these methods in clinical practice
aims at estimating the mechanical tissues properties.
One of the main settings for the application of these
tools has been liver stiffness assessment in chronic
liver disease, which has been studied mainly using
transient elastography. Another field of application for
these techniques is the assessment of focal lesions,
detected by ultrasound in organs such as pancreas,
prostate, breast, thyroid, lymph nodes. Considering the
frequency and importance of the detection of focal liver
lesions through routine ultrasound, some studies have
also aimed to assess the role that elestography can
play in studying the stiffness of different types of liver
lesions, in order to predict their nature and thus offer
valuable non-invasive methods for the diagnosis of liver
masses.
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Core tip: Elastography is a new ultrasound technique
that allows the non-invasive assessment of tissue
stiffness. Some elastographic techniques have already
been validated and are widely used to evaluate
liver stiffness in order to assess hepatic fibrosis and
cirrhosis. Elastography is also useful in the diagnosis
and characterization of different solid tumors.
Considering that only a few studies have so far focused
on the role of elastography in the evaluation of focal
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external tissue compression on the structures ex
amined, to produce strain (displacement) within the
tissue, and then the subsequent calculation of a strain
profile along the compression axis. This profile, i.e., the
tissue elasticity distribution, is converted into an elastic
modulus image called elastogram. By measuring the
tissue strain induced by static or dynamic stress, we
can estimate the tissue hardness, thus discriminate
benign from malignant lesions.
Sonoelastography can be performed with different
methods of measuring the stiffness of an organ and
its lesions, distinguishing “quasi-static” or “dynamic”
elastography, both qualitative and quantitative.

liver lesions, the present review aims to evaluate the
role of real-time sonoelastography, strain elastography
and ultrasound-based elastrographic techniques in the
differential diagnosis and characterization of focal liver
lesions.
Conti CB, Cavalcoli F, Fraquelli M, Conte D, Massironi S.
Ultrasound elastographic techniques in focal liver lesions. World
J Gastroenterol 2016; 22(9): 2647-2656 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i9/2647.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i9.2647

Strain elastography

INTRODUCTION

In strain elastography, which is one of the most po
pular commercially available techniques, a constant
stress is applied to the tissue being investigated. Tissue
compression is generated by an external mechanical
or an internal endogenous force: during the tissue
deformation, several images are obtained recording
the time of delay between two subsequent images
during consecutive compressions applied in the local
region of interest (ROI). The strength and duration
of the deformation should be visually controlled and
compression is to be performed at least twice in order
to make elastograms reproducible.
This technique is easy to apply, but the unknown
stress distribution prevents any quantitative estimation
of the stiffness of the target zone. The quality of the
examination is significantly improved by the experience
of the investigator in choosing the right angle to apply
an adequate level of compression strength in order to
avoid artifacts. However, the very fact that stress is
directly applied by the operator limits the application of
this technique to superficial organs, such as breast or
thyroid.

Elastography is an ultrasonographic technique that
provides a non-invasive assessment of tissue stiffness
through the assessment of subtle changes across
the entire organ being investigated and also in focal
parenchymal lesions. Several studies have recently
made use of different elastographic techniques, such
as transient and real-time elastography, mainly to
evaluate liver stiffness, in order to predict hepatic
[1]
fibrosis and cirrhosis .
Elasticity imaging has been reported to be of value
in diagnosing and characterizing various tumors,
which have been found to be usually stiffer than the
surrounding tissues: e.g., breast lesions, prostate
cancer, lymph nodes and pancreatic masses. However,
only a few studies have focused on the stiffness of focal
[2-11]
liver lesions (FLL)
: their detection by ultrasound
(US) is a crucial step for chronic liver disease sur
veillance, being the first-line reference technique in
the early detection of hepatocellular carcinoma (HCC).
The FLL characterization mostly needs further more
invasive techniques, such as computed tomography
(CT) and/or magnetic resonance imaging (MRI) with
the administration of contrast agents, in order to
evaluate the morphology and vascularization patterns
of those lesions. Both techniques show high diagnostic
accuracy, especially as to the diagnosis of HCC in
cirrhotic patients, even if fine needle biopsy remains
[12,13]
presently mandatory in some cases
.
The recent implementation of US equipment with
a variety of elastographic software, has improved
the study of organ stiffness and FLL, by providing
additional information on their features and aid
to characterize them and predict their nature and
behavior. Our review aimed to elucidate the principles
of real-time sonoelastography, strain elastography,
transient elastography and acoustic radiation force
imaging and to critically discuss the main advantages
and limitations of the above different techniques in
characterizing FLL.

Real-time ultrasound elastography: Recently
developed, real-time ultrasound elastography is an
example of strain elastography used for the study of
different lesions. Since the software measures the
ratio between a nodule and the normal parenchyma,
it gives a semi-quantitative result. The results of the
calculation for every pixel is visualized on the screen
in different ways: side-by-side on the conventional
B-mode image or overlaid on the B-mode image.
However, it is still a relative assessment and offers
[2,14]
no precise values for the viscoelastic parameters
(Figure 1).

Dynamic elastography

As of dynamic methods, a time-varying force, i.e.,
a short transient mechanical stress or an oscillatory
force with a fixed frequency, is applied to the region
under examination. Dynamic elastographic techniques,
which rely on shear wave propagation, produce
quantitative and higher-resolution results compared to
the quasi-static methods. However, the use of shear

SONOELASTOGRAPHIC TECHNIQUES
Elastography is based on the application of slight
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Figure 1 Image of a focal liver lesion obtained by static real-time
elastography: The focal liver lesion appears hyperechoic at ultrasound
image (left) and stiffer (predominantly blue) in the elasticity image. At
histology the lesion revealed to be a hepatocellular carcinoma.

Figure 2 Transient elastography uses a low-frequency pulsed excitation
to generate shear waves in the tissue, with the velocity of the shear wave
- established to be related to tissue stiffness - to be measured with an
ultrasound pulse-echo technique and used to calculate the elasticity.

waves requires a more complex system that is able to
generate the waves through mechanical vibration or
US radiation pressure, and to detect the subsequent
small displacements.

In medical imaging, vibro-acoustography has been
tested on breast, prostate, arteries, liver, and thyroid.
Pertinent studies have shown that vibro-acoustic data
can be used for the quantitative evaluation of elastic
[2,19]
properties
.
Above all, VA represents an imaging method, but
some viscoelastic parameters can be derived.

Transient elastography: Transient elastography
(TE) is a reliable rapid user-friendly technique, which is
easy to perform in everyday practice with immediate
[15]
results and good reproducibility . TE is recognized
as a quantitative method to assess the stiffness of
organs, by means of mechanically generated lowfrequency (50 Hz) shear waves, which propagate
in the tissue at a speed that is directly related to
the tissue elasticity, being slower in soft tissue and
[16-18]
faster in stiffer regions
. TE fails in less than 5%
of cases, mainly in obese patients. To date TE has
been validated mostly in chronic hepatitis C, with a
diagnostic performance comparable to that of serum
markers in diagnosing significant fibrosis. In addiction,
the combination of TE with serum markers increases
the diagnostic accuracy, allowing to avoid liver biopsy
in most patients with chronic hepatitis C. TE appears to
be an excellent tool for the early detection of cirrhosis:
it may have prognostic value in this setting and is
useful for monitoring fibrosis progression and fibrosis
[17]
regression , although more support data is here
required (Figure 2).

Acoustic radiation force impulse: Acoustic radiation
force impulse (ARFI) imaging provides quantitative and
qualitative measurements in a real-time mode, giving
innovative information supplementary to conventional
US, including elastograms and tissue parameters,
such as the time to peak displacement, the peak
[20]
displacement itself and the recovery time . Based
on the mechanical excitation of the tissue, the system
allows the propagation of the shear wave away from
the region of excitation by using a localized impulsive
acoustic radiation force. Thus, the machine measures
the tissue response to the displacement induced by
excitation and uses it to generate the elastogram. ARFI
is a one-dimensional technique with some limitations,
such as the inability to provide an elasticity map of
tissues, and the absence of real-time measurements.
The only value calculated is the average value in the
[20,21]
ROI
.
shear wave elasticity imaging and supersonic
elasticity imaging: These quantitative methods
are based on measuring the shear wave propagation
[2,22,23]
velocity in soft tissue
. A particular type of shear
wave elasticity imaging (SWEI) used in clinical practice
is the supersonic imaging (SSI), where the US probe
generates a localized radiation force, which induces
shear waves propagating from the focal point directly
to the tissue of interest. This technique requires the
very fast acquisition of US images, reducing the risk
of artifacts created by the breath movements of the
patient or by the investigator movements of the
[5]
probe . The SSI real-time technique creates a twodimensional color map, where colors codes the speed

Vibro-acoustography: Vibro-acoustography (VA) is
a speckle-free US-based imaging modality that allows
to visualize both normal and abnormal soft tissues, by
mapping the acoustic response of the target tissue to a
[2,14,19]
harmonic radiation force induced by US itself
. The
method is based on the acoustic emission generated by
focusing two US beams of slightly different frequencies
at the same point and generating a vibration in the
tissue, with a final frequency resulting from the
difference between the frequencies of the primary US
beams. The acoustic emission is normally detected by
a hydrophone and the brightness of each image pixel
is proportional to the amplitude of the acoustic signal.
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Figure 3 Shear wave ultrasound elastography allows to gather information on the tissue stiffness of both the parenchyma and focal liver lesion, obtaining
a quantitative assessment.

the methods can indeed have a relevant role in clinical
practice.

of waves in meters per second or elasticity of the
tissue in kilopascals. The limit of SWEI is the intensity
used to avoid both mechanical and thermal bio-effects,
causing some difficulty when analyzing deeperlocated tissues. Nonetheless, with these methods liver
stiffness samples can be acquired during a routine US
examination of the liver and focused directly on a focal
area (Figure 3).

Methods

With the aim to investigate the role of US elastogra
phy in focal liver lesions examination, an extensive
bibliographical search was performed in PubMed via
MeSH using the following keywords and free terms:
elastography, sonoelastography, elastosonography,
acoustic radiation force impulse imaging, focal liver
lesions, hepatocellular carcinoma, diagnosis, followup. We identified all the pertinent articles published
between 2000 and 2015. The reference lists from the
selected studies were manually examined to identify
further relevant reports. Non-English language papers
were excluded. The level of evidence and strength of
recommendations were graded according to the Oxford
Centre of Evidence-Based Medicine system as of the
March 2009 update (http://www.cebm.net/oxfordcentre-evidence-based-medicine-levels-evidencemarch-2009).

Other elastographic methods: Other sonoela
stographic methods include endoscopic and transrectal ultrasound elastography, which represent
promising techniques for the study of lymph nodes,
[2]
pancreatic cancer and inflammatory bowel diseases .
Two different methods deserve consideration: the
[24]
Intravascular Ultrasound Elastography (IVUSE) ,
used for evaluating the stiffness of atheromatous
plaques, and the new three-dimensional shear wave
elastography (3D-SWE), which helps differentiate
breast lesions when applied in combination with
[20,22]
B-mode ultrasound
.

Results

ULTRASOUND ELASTOGRAPHIC
TECHNIQUES IN FOCAL LIVER LESIONS

The numbers of results (hits) returned for each
parameter were as follows: (1) for sonoelastography
AND focal liver lesion, 8; (2) for Transient Elastography
AND focal liver lesion, 2; (3) for Acoustic radiation
force impulse (ARFI) AND focal liver lesion, 4; (4) for
Strain Elastography AND focal liver lesion, 3; (5) for
Vibro-Acoustography AND focal liver lesion, 7; (6) for
Wave Elasticity Imaging AND focal liver lesion, 3; (7)
for elastographic techniques AND focal liver lesions,
40; (8) for elastographic techniques AND focal liver
lesions AND diagnosis, 34; and (9) for elastographic
techniques AND focal liver lesions AND follow-up 1.
After filtering for range of years, human studies
and article type, a manual screening was carried out
for full-text articles and documents specific to the
scope of this systematic review, and any duplicate
was removed. Among a total of 102 results, 22
pertinent articles with the strongest level of evidence
were eventually identified. Their level of evidence and

General consideration

US devices equipped with the sonoelastography
option enable the more accurate imaging and
evaluation of the nature of superficial focal lesions of
many different organs. As an example, Endoscopic
ultrasonography (EUS), which is the method of choice
for the diagnosis of pancreatic lesions, has improved
with EUS-elastography (EUS-EG), providing additional
[25-27]
information on the pancreatic masses
. Also in
[3,4]
[6]
[3,7,8]
breast lesions , thyroid nodules , lymph nodes
[9-11]
and prostatic nodules
, elastography provides many
informations. As regards the role of US elastographic
techniques in FLL examination and characterization
by stiffness quantification, there are to date only a
[28-46]
few papers
that have described the application
of such techniques, mostly using ARFI technology.
However, the results show many interesting points and
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strength of recommendations were graded according
to the Oxford Centre of Evidence-Based Medicine
system as of the March 2009 update (http://www.
cebm.net/oxford-centre-evidence-based-medicinelevels-evidence-march-2009).

to the surrounding cirrhotic liver (mean wave velocity
value of the lesion 2.17 m/s; mean wave velocity value
of the surrounding parenchyma 2.99 m/s).
A larger Asiatic study on 134 focal liver lesions by
[30]
Guo et al , evaluated the difference of the mean
velocity of the mass and the ratio of focal lesion to the
surrounding liver parenchyma. A total of 55 (41%)
lesions were malignant and 79 (59%) were benign, the
shear wave velocity (SWV) of malignant and benign
masses being 2.95 ± 1.00 m/s and 1.69 ± 0.89 m/s,
respectively (p < 0.001) and the SWV ratio of each
lesion to the surrounding parenchyma being 1.83 ±
1.32 and 1.26 ± 0.78 for malignant and benign ones,
respectively (p < 0.001). In distinguishing malignant
from benign lesions the area under the ROC curve
was 0.824 for the SWV and 0.660 for the SWV ratio
of focal lesion to the surrounding parenchyma. Thus,
those authors proposed cut-off values of 2.13 m/s
for the SWV value and 1.37 for the SWV ratio of focal
lesion to the parenchyma in the differential diagnosis
of malignant and benign masses. The estimation of
sensitivity, specificity, LR+ and LR- resulted: 83.3%,
77.9%, 3.7 and 0.2 for SWV and 59.6%, 77.3%, 2.6
and 0.5 for the SWV ratio, respectively. The authors
concluded that the elastographic method provides
more information on FLLs and would help discriminate
malignant vs benign masses, particularly with
regard to patients unsuitable for contrast-enhanced
imaging. However, the above data should be verified
in prospective studies with larger patient samples
in order to evaluate the diagnostic accuracy of this
technique.
[28-30]
All the studies
, show homogeneous findings
about the observed metastatic lesions and cholan
giocarcinomas, which resulted stiffer than the
surrounding liver parenchyma: this outcome can be
explained assuming the presence of a substantial
amount of fibrous content in the lesions.
[31]
Moreover, Zhang et al
performed ARFI on 140
patients with 154 FLLs, of which 28 hemangiomas, 14
FNHs, 61 HCCs, 39 metastases and 12 CCCs, using
as reference standards: histopathology, CT, MRI or
contrast-enhanced Ultrasound (CEUS). The virtual touch
tissue quantification (VTTQ) median values resulted:
1.30, 1.80, 2.52, 3.08 and 3.89 m/s for hemangiomas,
FNH, HCC, metastasis and CCC, respectively, from
the softest to stiffest one (p < 0.001). The AUROC
(95%CI) of VTTQ values was 0.94 (0.90-0.98)
for hemangiomas, with sensitivity, specificity and
corresponding positive and negative likelihood ratios
(i.e., LR+ and LR-) of 86.5%, 89.3%, 7.8 and 0.1
respectively; 0.91 (0.87-0.96) for malignant lesions,
with sensitivity of 81.3% and specificity of 92.9%,
LR+ of 11.1 and LR- of 0.2, respectively, and 0.87
(0.79-0.94) with sensitivity of 91.7%, specificity of
72.5% and LR+ 2.8 and LR- 0.1 for CCC. The same
authors identified VTTQ cut-off values of 1.76 and 2.22,
for the diagnosis of hemangiomas and all malignancies
(except for CCC) respectively. Conversely, the cut-off

ARFI or SWEI and focal liver lesion: ARFI technology
turned out as the most widely used method for the
[28]
evaluation of liver masses. Park et al
examined
a cohort of patients with at least a focal liver lesion
well visualized on conventional US. Only one mass
of interest for each patient was chosen, and was
diagnosed against histological examination or clinical
diagnostic criteria. Expressing as velocity, they
checked the stiffness, by ARFI technique, of both
the mass and the surrounding liver parenchyma
(using 10 valid measurements for each stiffness).
Overall, a total of 47 focal mass lesions were tested,
including 83% of different malignant nodules - 24
HCC, 7 cholangiocellular carcinomas (CCC), and
8 liver metastases - and 17% of benign masses 5 hemangiomas and 3 focal nodular hyperplasias
(FNH). The mean velocity was 2.48 m/s ± SD in
HCCs, 1.65 m/s in CCCs, 2.35 m/s in metastases,
1.83 m/s in hemangiomas, and 0.97 m/s in FNHs.
Although considerable overlap was noted between FLL
of different etiology, a significant difference in ARFI
values was observed between malignant and benign
masses (mean 2.31 ± SD m/s vs 1.51 SD m/s, p =
0.047), as well as between HCCs and benign masses
(mean 2.48 ± SD m/s vs 1.51 ± SD m/s, p = 0.006).
The areas under the receiver operating characteristics
curves (AUROC) for discriminating malignant masses
from benign ones and HCCs from benign lesions were
0.724 (95%CI: 0.566-0.883, p = 0.048), and 0.813
(95%CI: 0.649-0.976, p = 0.008), respectively.
According to the above results, the Authors proposed
a cut-off value for ARFI of 1.82 m/s to differentiate
malignant from benign liver lesions, and also of 1.82
m/s for distinguishing HCCs from benign masses. Also
[29]
Gallotti et al
studied the stiffness of the focal liver
lesions, of different nature, and the liver surrounding
parenchyma by ARFI technology. The main finding was
a great variability in stiffness of hemangiomas, with
a mean wave velocity value of 2.30 m/s and mean
wave velocity value of the surrounding parenchyma of
1.45 m/s. Those authors justified this variability with
the hypothesis that different amounts of fibrotic septa
among the dilated vascular space of the lesions were
present. Furthermore FNH resulted the stiffest lesion
after metastases and CCC (mean wave velocity value
of the lesion 2.75 m/s; mean wave velocity value of the
surrounding parenchyma 1.57 m/s), while adenomas
resulted as the softer lesions (mean wave velocity value
of the lesion was 1.25 m/s; the mean wave velocity
value of the surrounding parenchyma was 1.40 m/s).
[29]
Gallotti et al interpreted the data on the basis of the
high and the low fibrotic content of FNH and adenomas,
respectively. The HCCs resulted softer as compared

WJG|www.wjgnet.com

2651

March 7, 2016|Volume 22|Issue 9|

Conti CB et al . Ultrasound elastographic-techniques in focal liver lesions
value proposed for the diagnosis of CCC was 3.00 m/s.
[32]
Ronot et al
used ARFI to carry out the evaluation of
105 lesions (60 FNH and 17 HCAs, 20 hemangiomas, 2
cholangiocarcinomas, one HCC and 5 focal fatty sparing
areas) in 73 patients (61 women, 84%, mean age of
44.8, range 20-75). The characterization of the lesions
relied on MRI and/or CEUS, or biopsy. The mean
stiffness value was 33.3 ± 12.7 kPa, 19.7 ± 9.8 kPa,
17.1 ± 7 kPa, 34.1 ± 7.3 kPa, 19.6 kPa and 11.3 ±
4.3 kPa (p < 0.0001) for FNHs, HCAs, hemangiomas,
CCCs, HCCs and focal fatty sparing areas, respectively.
The most important finding was that there was no
difference between the benign and the malignant
groups (p = 0.64). Secondly, those authors focused
their study on focal FNH and hepatocellular adenoma
(HCA) values, as an accurate diagnosis was a key
point for the differential management of patients,
mostly conservative for FNHs and surgically aggressive
for many HCAs. The best imaging techniques for the
differentiation between FNHs and HCAs and for the
subtyping of HCAs were: magnetic resonance imaging
(MRI) and also CEUS. MR-hepatospecific contrast
agents clarified the difficult cases. At elastographic
examination FNHs were significantly stiffer than HCAs
(p < 0.0001), the AUROC for differentiating FNHs
from other lesions was 0.86 ± 0.04; there was also a
difference among HCAs: telangiectatic/inflammatory
ones, significantly stiffer, vs steatotic ones, less stiff (p
= 0.014). The study concluded that SWE can provide
additional information toward the characterization of
FLLs, and helps in differentiating FNHs from HCAs and
subtyping HCAs, although further studies are required.

of stiffness on a single focal lesion. However it has
to be mentioned that several studies focused on
the role of TE in identifying patients with focal liver
lesions, but always among cirrhotic populations,
aiming at predicting with TE the development of HCC
and/or prognosis and survival. These studies found
a significant correlation between higher-baseline TE
values and the risk of the development of HCC in
[36-46]
chronic hepatitis B and C settings
. Accordingly,
[38]
a recent meta-analysis
reported a significant
association between baseline TE values and the risk
of the development of HCC in 8 out of the 9 included
[39-45]
studies (214 cases of HCC)
. Interestingly, a
previous study reported the elevated IQR of TE
measurements, unrelated to technical reasons, a good
[47]
indicator of HCC presence .
Ultrasound elastography and thermal liver
lesions: A different interesting field of application
of US elastography - and evaluation of its reliability
- is about delineating necrosis post radiofrequency
ablation (RFA) or directly studying the changes of the
lesion stiffness during the process of percutaneous
ablation. In fact, the local recurrence rates of tumors
are in part attributable to the inability of US to
accurately visualize the zone of necrosis (thermal
lesion). Only a few preliminary studies, most of which
in vitro, have concentrated on this context. A German
[34]
study
compared the size of liver lesions using RTE
with CEUS in 21 malignant liver tumors, previously
percutaneously ablated using RFA, in order to detect
any thermo-ablation defects. During CEUS examination
the operator took the measurements of the lesions
(long axis, short axis, and area) and compared the
measurements from the elastograms, concluding
that elastography had slightly underestimated the
lesion size, as judged by the CEUS images. Varghese
[35]
et al
tried to work out the application of a method
for in vivo elastographic visualization of the ablated
regions in the liver during and after thermal therapy,
as in their population there was a correspondence
between elastographic image features and pathology.
[35]
However, those authors
spotted a challenge in
liver elastography due to the difficulty of providing
controlled and reproducible compression. Further
studies with large-size samples are required, but
the elastographic technique surely represents a new
important tool also in this field.

Other elastographic methods in the study of
[33]
focal liver lesion: Sandulescu et al
studied 39
liver tumors by real-time elastography (RTE). RTE was
performed by EUS or trans-abdominal US. The ROC
analysis of the mean hue obtained through histogram
analysis of the region of interest (liver lesion) after
averaging individual pixels over a 10-s elastography
movie, was used to assess the color information inside
the region of interest and to consequently differentiate
benign vs malignant liver lesions. Using a cut-off value
of 170 for the mean hue histogram values recorded on
the region of interest, the sensitivity, specificity, LR+
and LR- and overall accuracy of the technique in the
differentiation between benign and malignant masses
were 92.5%, 88.8%, with LR+ of 8.3, and LR- of 0.08,
and 88.6%, respectively. This led to conclude about
the possible role of RTE as a promising technique to
improve the characterization and differentiation of
benign vs malignant focal liver lesions.

Possible use limitations of elastographic techniques in
focal liver lesion

All the studies reported some technical limitations of
elastography in examining focal liver lesions: the size
of focal liver lesions, being in some cases smaller than
the ROI and the location of the mass, could not be
determined by the operator as it was sited deep in the
liver. Another possible limitation would be the poor
compliance of the patients in holding their breath as

Transient elastography and focal liver lesion: In
the study of FLL TE needs separate consideration. In
fact, to date its application has been validated mostly
in chronic hepatitis B and C settings and its technical
features do not allow the elastographic measurement
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Table 1 Studies reporting the cut-off value and relative sensitivity, specificity, likelihood positive ratio and likelihood negative ratio
for different elastographic techniques in the differential diagnosis of benign vs malignant focal liver lesions
Ref.
[28]

Park et al , 2013
Sandulescu et al[33], 2012
Guo et al[30], 2015
Ronot et al[32], 2015
Zhang et al[31], 2013

1

Method

Study design

Cut-off

Sens (%)

Spec (%)

LR (+ve)

LR (-ve)

Level of evidence

ARFI
(m/s)
RTE
Hue
ARFI-SWV
(m/s)
ARFI
(m/s)
ARFI-VTTQ
(m/s)

Prospective,
monocentric
Retrospective,
monocentric
Prospective,
monocentric
Prospective,
Monocentric
Retrospective,
monocentric

1.82

71.8

75

2.9

0.38

4

170

92.5

89

8.3

0.08

4

2.13
(ratio 1.37)
-

83.3
(ratio 59.6)
-

78
(ratio 77.3)
-

3.7
(ratio 2.6)
-

0.20
(ratio 0.5)
-

4

2.22

81.3

93

11.1

0.20

4

2

4

1

To differentiate malignant from benign liver lesions; 2http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009.
ARFI: Acoustic radiation force imaging; RTE: Real time elastography; HCC: Hepatocellular carcinoma; FNH: Focal nodal hyperplasia; SWE: Share wave
elastography; SWV: Shear wave velocity; VTTQ: Virtual touch tissue quantification.

Table 2 Summary of the Sonoelastographic techniques and the studies that investigate their role in the assessment of focal liver
lesions
Type of elastography
Strain

Dynamic

Elastographic method

Commercial implementation

Studies investigating the role of elastography in FLL

RTE

Hitachi 6500®
LOGIQ E9, GE®
Acuson 128XP®
Echosens®

Sandulescu et al[33] 2012
Wiggermann et al[34] 2013
Varghese et al[35]
Masuzaki et al[36] 2009
Jung et al[37] 2011
Singh et al[38] 2013
Akima et al[39] 2011
Fernández-Montero et al[40] 2013
Fung et al[41] 2011
Chon et al[42] 2013
Merchante et al[43] 2012
Salmon et al[44] 2012
Calvaruso et al[45] 2012
Narita et al[46] 2012
Feier et al[47] 2013
Park et al[28] 2013
Gallotti et al[29] 2012
Guo et al[30] 2015
Zhang et al[31] 2013
Ronot et al[32] 2015
None available

TE

ARFI and SWEI

Acuson S2000 Siemens®
Aixplorer SuperSonic Imagine®

VA

RTE: Real-time ultrasound elastography; TE: Transient elastography; ARFI: Acoustic radiation force impulse; SWEI: Share wave elasticity imaging; VA:
Vibro-acoustography.

requested. In addition, the presence of a significant
necrotic degeneration of the lesion can impair the
assessment of its stiffness and such a limitation would
be overcome, whenever possible, through the accurate
choice of a region of interest (ROI) for the stiffness
calculation out of the necrotic portion.

of study design, study population, prevalence of
FLL included, stiffness measurement methods. In
addition, most of the studies analyzed have shown
some methodological shortcomings: firstly, the lack
of an adequate assessment of reproducibility (via
inter- and intra-observer variability) and, secondly,
the lack, within the single study, of an adequate
diagnostic confirmation of the FLL nature against the
same reference standard applied to all the patients,
with the resulting constraint of methodological quality.
In addition, all the studies have shown a case-series
design that carried a low level of evidence, with
reduced strength of their results.
Thus, there is no availability to date of an unbiased
assessment of the actual impact of elastography

CONCLUSION
The data analyzed in the present review indicate that
the elastographic US-based technique is a potentially
promising accurate tool for differentiating benign from
neoplastic lesions in patients without liver cirrhosis.
However, there is a great amount of heterogeneity
shown in the studies published to date in terms
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when differentiating the nature of focal liver lesions.
Nevertheless, most of the studies reviewed found
a significant difference in stiffness values between
malignant and benign lesions (Table 1). Also the
[28,30]
diagnostic accuracy of elastography is fair
to
[31,33]
good
in excluding as well as in confirming the
[31,33]
malignancy of the lesion
. Thus, elastography
seems to be a promising set of techniques for
predicting the nature of liver lesions. Only one
[32]
study
did not found any diagnostic power of the
ARFI technique in predicting the malignant nature
of the masses, but the study included only three
malignant lesions. Consideration is given to the large
overlap of values for the stiffness of the different
masses, among the study subgroups (i.e., benign or
malignant), showing the poor role of elastography
in differentiating the masses. Some authors justify
such a variability with the hypothesis of the presence
of different amounts of fibrotic septa tissue between
[29]
hemangiomas
or with the different telangiectatic/
[32]
inflammatory vs steatoic nature of HCAs . However,
all the studies lack of an accurate comparison between
elastographic values and the histology of the single
nodule. The US elastographic techniques (Table 2)
seem to hold a promising role in the discrimination
between benign and malignant lesions, probably
increasing the accuracy of routine US, but do not help
to discriminate among the different lesions. There is
a potential role too in improving the accuracy of the
US guide during an invasive procedure. Toward such
a goal the study of the thermal lesions represents
a further relevant use of elastography, which needs
further application and studies.
Further larger prospective studies with a stronger
level of evidence are required to assess the potential
role of these techniques in discriminating the benign
vs malignant nature of lesions and among different
lesions. Importantly, studies are also needed among
liver diseases patients, in particular, cirrhotic patients,
in order to assess the diagnostic performance of these
techniques in discriminating between malignant and
benign nodules in this large setting.
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Abstract
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Patients suffering from liver cirrhosis (LC) frequently
require non-hepatic abdominal surgery, even before
liver transplantation. LC is an important risk factor itself
for surgery, due to the higher than average associated
morbidity and mortality. This high surgical risk occurs
because of the pathophysiology of liver disease itself
and to the presence of contributing factors, such
as coagulopathy, poor nutritional status, adaptive
immune dysfunction, cirrhotic cardiomyopathy, and
renal and pulmonary dysfunction, which all lead to
poor outcomes. Careful evaluation of these factors
and the degree of liver disease can help to reduce the
development of complications both during and after
abdominal surgery. In the emergency setting, with the
presence of decompensated LC, alcoholic hepatitis,
severe/advanced LC, and significant extrahepatic
organ dysfunction conservative management is
preferred. A multidisciplinary, individualized, and
specialized approach can improve outcomes;
preoperative optimization after risk stratification and
careful management are mandatory before surgery.
Laparoscopic techniques can also improve outcomes.
We review the impact of LC on surgical outcome
in non-hepatic abdominal surgeries required in this
cirrhotic population before, during, and after surgery.
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levels of expertise of the surgeons, anesthetists,
and intensive care unit (ICU) staff. Liver function is
usually assessed by the Child-Turcott-Pugh (CTP) and
[11]
Model for End-Stage Liver Disease (MELD) scores .
Early studies found 30 d mortality rates after surgery
were 10% in CTP-A, 30% in CTP-B, and 76%-82%
in CTP-C, figures that have not significantly changed
[12,13]
in more recent assessments
. Despite the poor
results, advances in the medical management of LC
and life expectancy have increased the eligibility of
[14]
these patients for abdominal surgery . To be able
to give definitive recommendations and indications
for non-hepatic abdominal surgery in the cirrhotic
population, it is important to identify the patients most
likely to benefit from it. There is also a need to assess
contemporary surgical techniques and the various
scoring systems currently in use.
This review summarizes the outcomes of patients
with LC undergoing non-hepatic abdominal surgery.
Indexed articles in Medline of series of patients with LC
who underwent non-hepatic abdominal surgery between
1950 and March 2014 were reviewed using the OVID
interface. We aimed to select manuscripts addressing
outcome based on the degree of LC assessed with
MELD and/or CTP scores. Articles addressing the
pathophysiology of cirrhotic patients and the clinical
implications in non-hepatic abdominal surgery were
selected based on their importance, their date of
publication, and the citations of the manuscripts. As for
articles describing the different types of surgery in LC
patients, the most recent publications were selected in
order to preserve comparability between contemporary
surgical techniques. For these reasons, the present
review does not follow the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA
statement).

immune dysfunction; Cirrhotic cardiomyopathy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prevalence of chronic liver disease is
increasing. Patients with liver cirrhosis may be more
likely to need non-hepatic abdominal surgery than
the non-cirrhotic population. The rising incidence of
non-alcoholic fatty liver disease and non-alcoholic
steatohepatitis may increase the prevalence of cirrhotic
patients within the abdominal surgery population. The
pathophysiological characteristics of the condition raise
the surgical risk and the likelihood of poor prognosis.
A review of the assessment and outcomes for nonhepatic abdominal procedures in these patients is
essential since most current recommendations are
based on observational studies.
Lopez-Delgado JC, Ballus J, Esteve F, Betancur-Zambrano NL,
Corral-Velez V, Mañez R, Betbese AJ, Roncal JA, Javierre C.
Outcomes of abdominal surgery in patients with liver cirrhosis.
World J Gastroenterol 2016; 22(9): 2657-2667 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i9/2657.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i9.2657

INTRODUCTION
Mortality and morbidity rates are high in patients with
liver cirrhosis (LC) requiring non-hepatic abdominal
[1,2]
surgical procedures . Despite the lack of reliable
epidemiological data, the incidence of LC is expected to
increase due to alcohol consumption and the potential
high rates of hepatitis C virus (HCV) and hepatitis B
[3,4]
virus (HBV) in coming years in European countries .
In addition, the obesity epidemic in Western countries,
which is associated with metabolic syndrome, is
expected to generate a large cohort of patients with
non-alcoholic steatohepatitis (NASH) and non-alcoholic
fatty liver disease (NAFLD) that may potentially change
[5,6]
the etiological pattern of LC .
LC patients may require surgery for abdominal
[7]
wall hernia, gallstones , peptic ulcer disease, biliary,
small bowel, colo-rectal, and pancreatic diseases as
well as liver procedures, such as transplantation.
Surgery represents an additional source of stress
for compromised liver function, and perioperative
complications frequently appear in spite of significant
[8]
advances in surgical and intensive care management .
Preoperative risk stratification is difficult due to the
limited accuracy of the tools available to assess LC,
and, in some cases, due to the absence of diagnosis.
The mortality and morbidity risks are associated with
[9,10]
the severity of the underlying LC
. This is one of the
factors that explains the wide variation in outcomes
recorded by different studies, in addition to patient
characteristics, the surgical approach used, and the
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PREOPERATIVE MANAGEMENT
AND PATHOPHYSIOLOGICAL
CONSIDERATIONS OF LC BEFORE
SURGERY
The estimation of liver functional reserve and the
identification of coexisting pathophysiological disorders,
such as coagulopathy, malnutrition, cardiomyopathy,
renal dysfunction, respiratory dysfunction, ascites,
and hyponatremia, are key issues in the preoperative
evaluation of LC patients scheduled for non-hepatic
abdominal surgery. Despite the lack of evidencebased guidelines for the management of these
patients, clinical and surgical teams are acquiring
experience with LC patients undergoing non-hepatic
abdominal surgery, and the body of knowledge of the
pathophysiology of LC in the literature is increasing.
Therefore, some general recommendations for the
[15]
care of these patients are in order .
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Liver function

ever, primary homeostasis may not be defective in LC,
and a low platelet count, if not severe, should not be
automatically considered as an index of an increased
[29]
risk of bleeding . Thrombocytopenia of < 50000/µL for
moderate risk and 100000/µL for high risk procedures
must be corrected by platelet transfusion prior to
[30]
surgery . Infections, renal failure, malabsorption,
and/or malnutrition can adversely affect coagulation in
decompensated LC.
Conventional coagulation tests measure only part of
the process of thrombin generation. The prothrombin
time-derived international normalized ratio (PT-INR)
is universally used to assess bleeding risk and
prognosis in MELD score and to guide treatment of
coagulation disturbances in clinical practice; however,
it only measures the activity of procoagulants. Throm
boelastography (TEG) provides a better assessment
of the degree of coagulopathy and offers information
allowing immediate transfusion therapy. It is useful
before and during surgery for guiding transfusion
[31]
therapy . Serum fibrinogen, a key factor in fibrin
clot formation, and protein C deficiency may also
[32]
determine the risk of bleeding in LC .
Coagulopathy is one of the factors of LC that can
be modified preoperatively with intravenous vitamin
K replenishment and cryoprecipitate transfusions in
order to maintain a serum fibrinogen level < 100
mg/dL. Preoperative administration of fresh-frozen
plasma to correct the INR should be avoided due to its
ineffectiveness and its association with volume overload,
exacerbation of PHT, risk of infections, and transfusion[33,34]
related acute lung injury
. Administration of
desmopressin and tranexamic acid should be considered
when platelet dysfunction and hyperfibrinolytic state
[35]
are suspected . This may help survival after surgery
and convert CTP C patients into CTP B by improving the
[36]
coagulopathy .
The lack of improvement in PT-INR with the ad
ministration of vitamin K may reflect a poor hepatic
reserve and outcome. In addition, plasma hemoglobin
levels lower than 10 g/dL and higher intraoperative
transfusion needs are independent prognostic factors
[1,18]
for mortality in these patients
. These findings
are linked with a major deterioration of coagulation
and the association of perioperative blood product
transfusion with the triggering of the inflammatory
[37]
response .

The occurrence of portal hypertension (PHT) in LC
leads to variceal bleeding, ascites, spontaneous
bacterial peritonitis (SBP), and hepatic encephalopathy.
Patients with LC are at a higher risk of liver-related
complications during surgery due to inappropriate
response to surgical stress. Mortality is higher in nonhepatic abdominal surgery in the presence of PHT,
[10,15]
which is also an indicator of illness progression
.
The presence of high intraoperative PHT is associated
[16]
with postoperative mortality due to rebleeding .
Preoperative evaluation of liver function by a physician
experienced in managing liver disease in patients with
confirmed or suspected LC is needed in order to stage
[17]
the severity . In clinical practice, severity should be
assessed by means of both CTP and MELD scores,
[18]
although MELD is more objective . These scores
should be assessed throughout the patient’s admission
because rapid deterioration indicates that surgery may
not be safe. The value of indocyanine green plasma
disappearance rate has been demonstrated in patients
[19,20]
with LC undergoing cardiac surgery
and partial
[21]
hepatectomy , and it may be useful for assessing
liver functional reserve in this scenario.
As a general rule, surgery is safe in CTP A patients
without PHT and MELD < 10, but its pros and cons
should be carefully considered in patients with severe
[22,23]
LC
. Surgery should be avoided if possible in the
setting of acute viral hepatitis, alcoholic hepatitis, acute
liver failure, acute renal failure, severe coagulopathy,
[14]
hypoxemia, and/or cardiomyopathy .
Regarding the etiology of LC, certain specific
considerations need to be addressed before surgery.
Due to the stress that surgery represents in patients
with autoimmune hepatitis who are receiving or have
recently received steroids, increasing the dose is a
possible alternative. D-Penicillamine, the chelating
agent used to treat Wilson disease, interferes with
wound healing and should be reduced 2 wk before
surgery and until the wound has healed completely.
Alcohol consumption must be discontinued, especially
in patients with a history of alcohol abuse, because
of its associations with the risk of hepatotoxicity from
drugs such as paracetamol, poor wound healing,
bleeding, delirium, infections, and alcoholic hepatitis
(the last of these being a clear contraindication for
[24-26]
elective surgery in those patients)
. In addition,
alcohol abstinence is very difficult, and the majority of
[26]
patients have superimposed alcoholic hepatitis .

Immune dysfunction and nutritional status

Infections are an important cause of death during the
postoperative period due to an innate and adaptive
immune dysfunction in LC, which is associated with
the development of liver dysfunction and an enhanced
[38,39]
susceptibility to acute inflammatory processes
. This
is also linked with nutritional status: between 50% and
90% of LC patients lack sufficient nutritional reserve
and have a poor metabolic state, with inadequate
[40,41]
inflammatory and immune responses to surgery
.

Coagulopathy

Coagulopathy is the major concern for surgeons, be
cause both pro- and anti-coagulants present reductions
in LC. Thrombocytopenia due to poor nutritional status,
hypersplenism and/or bleeding from varices may
[27,28]
exacerbate bleeding problems
. Myelosuppression
due to hepatitis C, folate deficiency, and ethanol toxicity
[27]
can also aggravate thrombopoietin deficiency . How
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Malnutrition in patients undergoing abdominal surgery
is associated with a greater risk of postoperative
[42]
complications and longer hospitalization . Although
the evidence is controversial, preoperative nutrition
support may play an important role in preventing
[43]
complications . Nutritional disorders are more
severe with alcoholic cirrhosis than with non-alcoholic
cirrhosis, which can explain the poorer prognosis of
[44]
this subgroup of patients when undergoing surgery .
A combination of transferrin, prealbumin, and albumin
seems an adequate approach for nutritional evaluation
[45]
in LC . Indeed, hypoalbuminemia has been associated
with poor outcome in abdominal and colon cancer
[8,46]
interventions in patients with advanced LC
.

portopulmonary hypertension, and hepatic hydrotho
rax are typical pulmonary complications. The endexpiratory lung volume may fall, leading to impairment
in the mechanics of the respiratory system, lung, and
chest wall as well as gas-exchange. Thus, initial use of
moderate Positive End Expiratory Pressure is advisable
to improve oxygenation and compliance without
[57-59]
causing adverse effects in the respiratory function
.
Hemodynamic changes, such as systemic vaso
dilatation and volume retention in the splanchnic bed
secondary to PHT, reduce preload and the associated
retention of water and sodium in order to compen
sate for the low effective circulatory volume. These
mechanisms explain the development of ascites and
the impairment of the kidneys in the elimination of
solute-free water. Ultimately, this also explains the
development of hyponatremia, which is associated
with increased morbidity and mortality in patients with
[60]
LC . Sodium < 130 mmol/L in non-hepatic abdominal
surgery and ascites in general surgery are markers of
[1,8,56]
poor prognosis in LC patients
.
Preoperative portal decompression by transjugular
intrahepatic portosystemic shunt (TIPS) seems to be
a safe procedure for reducing the risk of bleeding in
the presence of varices and the risk of ascites even
in decompensated LC. Although there is not enough
evidence to support its routine use before nonhepatic surgery, it could be considered in patients with
significant ascites, extensive abdominal varices, or
both. Reducing portal pressure seems to be helpful in
[61-63]
decreasing bleeding during surgery
.
If possible, these complications need to be screened
in candidates for surgery, especially in those with a
medical history consistent with LC-related complications,
and then medically optimized prior to surgery. Despite
their implications for the perioperative course of LC
patients undergoing any type of surgery, they have not
been adequately addressed in non-hepatic abdominal
surgery, especially when compared with other major
[2]
surgeries, such as cardiac surgery . In Table 1
we summarize recommendations for preoperative
evaluation in patients with LC scheduled for non-hepatic
abdominal surgery.

Cardiovascular and renal dysfunction

Preoperative evaluation of cardiovascular dysfunction
in LC is crucial. Cardiovascular diseases are a common
cause of mortality in LC because of the severity of liver
injury, and inflammation is strongly associated with an
increased cardiovascular risk and an atherogenic lipid
[47]
profile . This is especially relevant in NASH/NAFLD
chronic liver disease because the etiological risk
factors are the same for both LC and cardiovascular
disease, even taking into account the expected rise
[48]
in the incidence of NASH/NAFLD worldwide . A
hyperdynamic circulatory state with increased cardiac
output in response to splanchnic arterial vasodilatation
is an inherent characteristic of LC, leading to heart
failure with the progression of liver disease. Cirrhotic
cardiomyopathy develops a variety of progressive
clinical manifestations and is characterized by diastolic
dysfunction and impaired inotropic and chronotropic
competence, leading to a suboptimal ventricular
[49,50]
contractile response during stressful conditions
.
The dynamic assessment of preoperative cardiac
function with dobutamine stress echocardiography
may play a role in the indication of abdominal surgery
and postoperative management in the setting of LC.
Cirrhotic cardiomyopathy may also be involved in the
pathogenesis of hepatorenal syndrome (HRS) or the
development of acute kidney injury (AKI). AKI can
lead to a positive fluid balance, resulting in vital organ
[51,52]
edema related to cardiac output performance
. LC
may cause renal dysfunction and HRS; which occurs in
conjunction with microcirculatory dysfunction in other
organs, including the heart and the peripheral vascular
[53]
bed . Assessment of preoperative renal function is
of paramount importance due to the high influence
[54,55]
of AKI on postoperative survival in LC patients
.
Thus, the identification of high creatinine levels as an
independent predictor of complications and mortality in
[56]
LC patients undergoing surgery was not surprising .

INTRAOPERATIVE MANAGEMENT
Patient management during surgery is crucial for
outcomes in LC. A team-based approach involving
hepatologists, surgeons, and anesthetists with
experience in treating LC patients is required, ideally at
[1,8,9]
a specialist center
.

Anesthesiology

Intraoperative management depends more on the
anesthesiologist than on the surgeon, because the use
of anesthesia tends to cause hepatic decompensation
[64]
in patients with LC . Fluid management can be
difficult since crystalloids (e.g., Hartmann’s solution or

Ascites, respiratory dysfunction, and hyponatremia

Ascites and fluid overload may cause or aggravate
pulmonary function due to atelectasis and pulmonary
edema. In advanced LC, hepatopulmonary syndrome,
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Table 1 Recommendations for evaluation before non-hepatic abdominal surgery in liver cirrhotic patients
Elements to evaluate
Homeostasis

Coagulopathy

Liver function PTH
Ascites

Esophageal varices
Immune
function and
nutritional
status
cardiac
function

Recommended tests

Recommended action

Thrombo-cytopenia Platelet number and function by
means of thromboelastography

Malnutrition,
hypoalbuminemia

Preoperative transfusion if:
Platelet > 50000/µL → moderate risk procedures
Platelet > 100000/µL → high risk procedures
Consider desmopressin (300 µg intranasal) if uremia or altered platelet function in
thromboelastography
PT-INR; thromboelastography.
IV replenishment of vitamin K (≥ 10 mg OD during 3 d)
Serum fibrinogen;
Cryoprecipitate if serum fibrinogen ≥ 100 mg/dL
Thromboelastography
Consider Tranexamic acid (10 mg/kg TD during 2-7 d)
Abdominal US
Consider the less invasive surgical treatment or avoid surgery if severe PTH
Consider TIPS
Diagnostic ascitic tap; check
Discard SBP
Antibiotic prophylaxis or treatment.
diuretics response
Sodium restriction and diuretics (careful monitoring of renal function avoiding
hyponatremia)
Large volume of paracentesis for uncontrolled ascites
Upper endoscopy; Abdominal Consider prophylactic treatment (i.e., β-blockers, variceal banding) based of risk of
US
bleeding
White blood cells count;
Optimize protein and caloric intake (higher requirements than normal individuals)
Vitamin B1 in alcoholics
Nutritional biomarkers:
Administer antibiotic prophylaxis if suspected concurrent infections
Albumin, Pre-albumin,
(Other than SBP)
transferrin; muscle wasting

Glucose intolerance
Cardiomyopathy

Renal function Renal dysfunction;
Hepatorenal
syndrome

Laboratory testing
Dobutamine
stress
echocardiography

Serum creatinine;
Glomerular filtration rate;
Evaluate normal Blood Pressure
and cardiac performance

Insulin infusion
Consider the less invasive surgical treatment or avoid surgery if severe cardiac
dysfunction
Consider close invasive monitoring and hemodynamic strategy in order to
preserve normal cardiac function and avoid organ hypoperfusion
(especially liver and kidney)
Consider β-blockers in perioperative period
Avoid dehydration if possible before surgery
Avoid positive fluid balance during perioperative course
(if hemodynamics allow that)

Pulmonary
function

Hydrothorax;
HPS;
PPH

Chest-X ray;
Electrocardiogram and
echocardiography;
Spirometry

Optimize pulmonary function:
Discard high arterial pulmonary pressure
Discard pleural effusion/thoracentesis if necessary
If HPS/PPH evaluate appropriate therapy (i.e., IV epoprostenol, sildenafil)

CNS

HE

Clinical assessment;
Ammonia serum levels

Use of lactulose despite absence of HE if medical past history or PTH
Treat or avoid potential triggers of HE (i.e., diuretics, infections, constipations,
CNS depressants, azotemia, uremia, hyponatremia)

PT-INR: Prothrombin time-derived international normalized ratio; IV: Intravenous; PTH: Portal hypertension; US: Ultrasound; TIPS: Transjugular
intrahepatic portosystemic shunt; SBP: Spontaneous bacterial peritonitis; HPS: Hepatopulmonary syndrome; PPH: Portopulmonary hypertension; CNS:
Central nervous system; HE: Hepatic encephalopathy.

saline) may worsen ascites and peripheral edema and
[65]
have little effect over intravascular volumes . Indeed,
intravascular volume may be depleted, even in the
[14]
setting of extravascular volume overload . Thus, it
seems more appropriate to provide fluid support in the
form of a volume expander if necessary, prioritizing
fluid restriction. Blood products should be used
routinely, and TEG can achieve optimal monitoring of
coagulopathy. The increased physiological demand that
surgery represents in patients with identified cirrhotic
cardiomyopathy can lead to heart failure. Minimization
of large fluctuations in preload and afterload are
recommended in order to improve outcomes. The
avoidance of heart failure during the perioperative
[66]
period has important prognostic implications . It
is important to note that most of these patients are
[67]
currently receiving treatment with β-blockers , which

WJG|www.wjgnet.com

may ultimately reduce the cardiac response under
stressful conditions. Thus, a closer monitoring of
cardiac performance and the prompt use of inotropes
and vasoconstrictors are mandatory in order to avoid
low cardiac output and intraoperative hypotension.
Perioperative antibiotic prophylaxis should be given
in the presence of ascites to prevent postoperative
SBP or bacteremia secondary to SBP, which may
occur during the procedure. The most frequent micro
biological causes, such as gram-negative bacteria,
[68]
must be covered . Although quinolones are the
most frequently used antibiotic for SBP prophylaxis,
an individualized approach is needed due to the
[69]
emergence of multidrug-resistant agents .
Pain and sedative management regimens need to
be minimized and adapted according to the degree
of liver disease and the alterations to the metabolism
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Table 2 Modifications in operative laparoscopic techniques in non-hepatic abdominal surgery in liver cirrhosis who underwent
cholecystectomy and hernia repair
Ref.
Laparoscopic cholecystectomy
Friel et al[77], 1999
Shiff et al[78], 2005
Clark et al[79], 2001
Clark et al[79], 2001
Palanivelu et al[80], 2006
Friel et al[77], 1999

Laparoscopic hernia repair
Belli et al[81], 2006
McAlister et al[82], 2003

Modified technique

Objective and advantage

Use of open technique using Hassan’s trocar
Placement of the trocar in the right paramedian position
Use of additional ports
Performance of retrograde cholecystectomy
Modified subtotal cholecystectomy

Prevent inadvertent puncture of umbilical varix

Mechanical compression from introduced surgical sponges
(i.e., oxidized cellulose)
Application of ultrasonic energy via harmonic scalpel
Use of argon beam coagulator through an operative port

Facilitate haemostasis

Minimally invasive and tension-free laparoscopic technique

Prevent inadvertent puncture of collateral veins
Prevent recurrence rates and wound infections
Prevent recurrence rates and mesh migration
Prevent wound infections

Dual mesh prosthesis: fixation of mesh in a preperitoneal space
Sterile fashion of mesh insertion

caused by these anesthetic drugs. Portal blood flow is
reduced as a result of PHT, and anesthetic agents may
reduce hepatic blood flow by 30%-50% as a result
of impaired autoregulation. In addition, myocardial
depression and vasodilatation are frequent in most
[70]
anesthetic agents . Agents with minimal hepatic
metabolism (< 0.2%), such as isoflurane, desflurane,
and sevoflurane together with nitrous oxide, are an
appropriate choice for the operating room, along with
[71,72]
propofol as a narcotic agent
. These agents also
cause fewer disturbances in hepatic arterial blood
[73]
flow than others . Atracurium and cisatracurium
are preferred as muscle relaxants since they are
metabolized independently from the liver; vecuronium
and rocuronium, on the other hand, are metabolized
[74,75]
exclusively by the liver and must be avoided
.
Some authors argue that epidural anesthesia should
be avoided in LC patients due to the complications
[8]
derived from the coagulopathy . However, epidural
analgesia has many benefits, not only in terms of pain
control during and after surgery, but also in terms of
reducing pulmonary, cardiovascular, thromboembolic,
and gastrointestinal complications and enhancing the
[76]
recovery of gut function after abdominal surgery .
In our opinion, epidural anesthesia may be safe in
the absence of abnormal coagulation and/or platelet
count, especially if evaluated preoperatively by means
of TEG.

The incidence of gall stones and hernia is higher
in LC than in the non-cirrhotic population due to the
increased intra-abdominal pressure. Cholecystectomy
and hernia repair surgery are the most frequently
described surgeries in LC, and modified laparoscopic
techniques have been proposed in these cases in
[77-82]
order to minimize morbidity (Table 2)
. The use of
laparoscopy allows non-exposure of viscera and restricts
[79]
electrolytic and protein losses . From the technical
point of view, the use of coagulation instruments like
the harmonic scalpel causes less postoperative pain
[83,84]
and lower morbidity
. The use of laparoscopic
general surgery is also supported by the lower
morbidity rates, lower bleeding complications, shorter
operating time and hospital stay (despite the higher
conversion rates to open surgery during the procedure,
especially in the case of emergency surgery), and
fewer bleeding-related complications compared to non[77,85,86]
cirrhotic patients
. The laparoscopic approach
also helps to reduce morbidities such as surgical
[87]
site infection and hemorrhage . A wide range of
interventions can be performed laparoscopically in
LC patients: splenectomies, colectomies, Nissen
fundoplication, Heller’s myotomy, gastric bypass, radical
[88]
[89]
nephrectomy , appendectomies , suture closure,
and placement of an omental patch for treatment of a
[90]
perforated gastric ulcer .
Although, in general, outcomes are poorer in LC
patients than in the non-LC population in terms of
morbidity and mortality, mortality rates are quite
similar in certain surgeries thanks to the technical
advances and experience gained in recent years (Table
[10,77-79,81-87,89,91-101]
3)
. One example is abdominal wall
surgery. Elective repair of umbilical hernia in patients
with LC and ascites is indicated due to the poor
[102-104]
outcomes with conservative management
; and,
even in advanced LC, inguinal hernia repair obtains
similar outcomes to those recorded in the non-LC

Surgical considerations

Surgery should ideally be elective, due to the higher
than average risk associated with emergency surgery
[1,7-11]
in cirrhotic patients
. Careful tissue handling and
meticulous surgical technique are vital to prevent
major bleeding during surgery. Morbidity and mortality
rates vary greatly depending on the severity of the
cirrhosis, the presence of PHT, complications of LC, and
the nature of the surgical procedure.
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Facilitate laparoscopic technique and prevent
complications in cases of severe gallbladder
inflammation
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Table 3 Outcomes of liver cirrhosis who underwent non-hepatic abdominal surgery based on type of surgery
Type of surgery
Cholecystectomy[77-79,83-86,91-97]
Laparotomy
Laparoscopy
Colorectal surgery[10,98]
Radical gastric surgery[99]
Appendectomy[87,89]
Laparotomy
Laparoscopy
Pancreatic surgery[100]
Abdominal wall surgery[81,82,101-110]
Umbilical hernia
Inguinal hernia

Morbidities

Mortality in LC population

Mortality in non-LC population

30%-35%
13%-33%
43%
56% (53.3% CTP A, 67.7% CTP B)

1%-7.7%
< 1%
14%-29% (20.9%-35.8% if ES)
-

0.5%-1%
< 1%
5%
80% (5-yr)

5%
< 1%
69% (67% CTP A, 100% CTP B)

9%
< 1%
9% (3% CTP A, 100% CTP B)

7%-20%
6.3%-10.9%

< 1%-5.5%
< 1%-2.7%

0.7%
< 1%
< 1%
< 1%

LC: Liver cirrhosis; ES: Emergency surgery; CTP: Child-Turcotte-Pugh; ICU: Intensive care unit.

[81,82,100-110]

population and improves quality of life

.

hepatologists together with specialized hospital staff
with experience in the perioperative management of
those patients can improve outcomes. Since there are
no formal guidelines and few randomized controlled
trials have been performed, the pathophysiological
characteristics of LC mean that an individualized
approach to the care of the patients is essential.
Preoperative optimization after risk stratification is
mandatory before surgery. Laparoscopic techniques
may improve outcomes in those patients, and recent
advances in cholecystectomy, abdominal wall surgery,
and appendectomy have reduced mortality to levels
similar to those found in the non-LC population. Future
prospective randomized studies are needed to assess
the effect of preoperative TIPS, to compare elective
surgery vs conservative management, and to compare
preoperative assessment with MELD and CTP scores
for specific surgical procedures. These studies should
also assess the efficacy of new approaches, especially
before surgery, in order to establish formal guidelines for
the management of patients with LC undergoing nonhepatic abdominal surgery.

POSTOPERATIVE MANAGEMENT
Postoperative management should ideally be
performed in the ICU, at least during the first 24
h, especially in CTP B and C. It is important to
monitor for the complications that may be expected
depending on the degree of LC and type of surgery. As
discussed above, postoperative management should
be based on the pathophysiological characteristics of
LC. Physicians should focus on fluid management,
vigilance, and prophylaxis of infections (especially
surgical site infections); opioids and sedatives should
be used cautiously. The inadequate administration
of normal saline can lead to the development of
ascites. Salt restriction with both intravenous fluid
and oral intake is mandatory in order to prevent
the postoperative occurrence of AKI, ascites, and/or
[111,112]
hepatic encephalopathy
. Early introduction
of lactulose should prevent encephalopathy. In the
presence of fast decompensation of liver function,
[113]
physicians should first rule out infection
. The
dosage of analgesics for pain control should be based
on the degree of liver dysfunction because the drug
metabolism of simple analgesics, such as paracetamol,
non-steroidal, and opioid analgesics, may be impaired.
If opioids are necessary, fentanyl is preferred because
it does not produce active metabolites; however, it
may accumulate in the fat tissue for several days and
[114]
is cleared through the liver .
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Epigenetic regulation of insulin-like growth factor axis in
hepatocellular carcinoma
Hend Mohamed El Tayebi, Ahmed Ihab Abdelaziz
way is an important pathway in the process of hepa
tocarcinogenesis, and the IGF network is clearly
dysregulated in many cancers and developmental
abnormalities. In hepatocellular carcinoma (HCC),
only a minority of patients are eligible for curative
treatments, such as tumor resection or liver transplant.
Unfortunately, there is a high recurrence of HCC after
surgical tumor removal. Recent research efforts have
focused on targeting IGF axis members in an attempt
to find therapeutic options for many health problems.
In this review, we shed lights on the regulation of
members of the IGF axis, mainly by microRNAs in
HCC. MicroRNAs in HCC attempt to halt the aberrant
expression of the IGF network, and a single microRNA
can have multiple downstream targets in one or more
signaling pathways. Targeting microRNAs is a relatively
new approach for identifying an efficient radical cure
for HCC.
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Core tip: Recent research efforts have focused on
targeting the insulin-like growth factor (IGF) axis in an
attempt to identify therapeutic options for many health
problems. Here, we review the regulation of IGF axis
members in hepatocellular carcinoma (HCC), mainly by
microRNAs. MicroRNAs work by halting the aberrant
expression of the IGF network, as demonstrated by
the fact that a single microRNA can have multiple
downstream targets in one or more signaling pathways.
Use of this approach in an attempt to find an efficient
radical cure for HCC.
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EPIGENETIC REGULATION OF OUR
GENOME
It is clear that regulation of the IGF axis is quite
important, although the precise mechanisms of this
regulation remain unclear. Many attempts, however,
are being made to target components of the IGF
pathway to alleviate various types of pathology.
Epigenetic regulation refers to any changes in
genetic phenotype or expression due to mechanisms
other than DNA sequence mutations, for example,
microRNAs and gene methylation. IGF-2R was
imprinted in humans due to fetal overgrowth, terato
[19]
genesis, and carcinogenesis
. IGF-Ⅱ is also highly
affected by epigenetic mechanism and is found to be
highly upregulated in liver tissues of HCC patients due
[20]
to hypomethylation of its promoter (P4) .

INTRODUCTION
The insulin-like growth factor (IGF) axis is a highly
conserved signaling pathway, with a crucial role in
cellular and tissue regeneration through its proliferative
and anti-apoptotic activities. This pathway has been
[1]
shown to be dysregulated in many diseases .
Key players of the IGF network include IGF-Ⅰ and
IGF-Ⅱ ligands that bind to their membrane bound
receptor, IGF-type Ⅰ receptor (IGF-1R), and IGF-type
2 receptor/mannose-6-phosphate receptor (IGF-2R,
IGF-Ⅱ /M6PR). The bioavailability of IGF ligands is
controlled through complex formation with IGF binding
proteins 1-6 (IGFBP 1-6). In the circulation under
physiological conditions, 70% of IGF-Ⅱ is bound to the
[2]
most abundant IGFBP-3 .
Upon binding of IGF ligands to IGF-1R,which is
expressed on most cells, its intrinsic tyrosine kinase
activity is activated with successive phosphorylation
and activation of the downstream intracellular
substrates: insulin receptor-substrates 1, 2, and 4
[3-5]
(IRS1, IRS2, and IRS4)
as well as src homology 2
domain containing (SHC) protein, which is responsible
for the stimulation of growth factor receptor-bound
[6]
protein 2 (Grb2) binding. The phosphatidylinositol
[7]
3-kinase (PI3K) pathway is another downstream
pathway that is stimulated by IGF ligands. Via the
PI3K pathway, PKB/Akt suppresses many apoptosis[8]
[9]
stimulating proteins, such as Bad and caspases 9 ,
or mitosis-promoting signals through GSK-3β reduction
[10]
mediated β-catenin degredation . Signaling of Sos/
Ras/Raf/MAPK-ERK kinase 1 (MEK1)/extracellular[11,12]
signal kinase (ERK)
and translocation of signal
transducer and activator of transcription 3 (STAT-3)
[13]
into the nucleus
transmit additional anti-apoptotic
and mitogenic stimuli. This triggered regulatory
network ends up over stimulating the expression of
Kip1
multiple target genes, such as p27 , c-fos, c-myc,
cyclin B, and vascular endothelial growth factor (VEGF).
Thus, critical cellular processes are managed via IGF/
IGF-1R signaling network, including apoptosis and
proliferation.
IGF signaling is important during development,
where some mutations in IGF-Ⅰ and IGF-Ⅱ have been
[14,15]
shown to impair normal birth weight in igfI-null
[15]
and igfII-null mice , respectively. On the contrary,
overexpression of IGF axis members in some tissues
led to drastic outcomes. For example; overexpression
[16]
of IGF-Ⅰ protein led to non-small-cell-lung cancer ,
[17]
while IGF-Ⅱ overexpression led to breast cancer
[18]
and hepatocellular carcinoma (HCC) .
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DNA methylation

Of the types of epigenetic modification in mammals,
DNA methylation is considered to be the most ex
tensively analyzed. DNA methylation maintains the
stability of gene silencing, a key process in the regulation
of gene expression. DNA methylation in mammals takes
place almost exclusively by covalent modification of
cytosine residues. This modification is done by adding
a methyl group to a cytosine ring at the fifth position
in CpG dinucleotides and is mediated by a family of
[21]
enzymes called DNA methyltransferases (DNMTs) .
The majority of CpG dinucleotides are localized in socalled “CpG islands” rather than being evenly distributed
[22,23]
across the human genome
. CpG islands are short
DNA stretches that are preferentially found at the 5’ end
of genes and comprise about 60% of the sequence of
[24]
the promoters of human gene . During developmental
stages as well as tissue differentiation, most of the CpG
islands remain unmethylated. Under normal conditions,
[25]
these CpG sites are mostly in the methylated state .
Interestingly, some CpG sites in some promoters were
found to be methylated during development, which
resulted in long-term transcriptional silencing.

MicroRNAs

MicroRNAs are small noncoding RNAs that also
contribute to the epigenetic regulation of the IGF axis.
These non-coding RNAs consist of non-coding DNA
sequences that are in full control of gene expression
and function, as they collectively target up to 90% of
[26]
human genes . In addition, some studies revealed
that one cluster of two to five microRNAs was able
[27]
to regulate as much as 14% of all genes . MiRNA
transcription depends on genomic localization. MiRNAs
can be located in introns of coding or non-coding genes
or in exons. Transcription is dependent on the host
[28,29]
gene
. miRNAs that are independently expressed
have their own promoter; however, some miRNAs are
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liver to activate several signaling pathways leading
to transcription of several genes, including IGF-Ⅰ.
Hepatocytes are the fundamental source of IGFⅠ in the liver, with a minimal contribution from non[36]
parenchymal cells . Maximum levels of circulating
IGF-Ⅰ are reached starting from birth up to puberty
and then they significantly decline thereafter with
[37]
age . IGF-Ⅰ is a crucial ligand for the IGF pathway,
and it is highly expressed and known to highly promote
the growth of several tumors. Interestingly, this is not
the case in liver cancer, where it has been strongly
suggested that IGF-Ⅰ is an anti-tumorgenic factor
in HCC. These suggestions were based on several
findings: (1) in cases with liver cirrhosis as the type of
chronic liver damage, IGF-Ⅰ expression was minimal
[38]
or even totally blocked in the most severe cases .
Despite minimal IGF-Ⅰ, cirrhosis progressed into HCC,
which suggests that decreased expression of IGF-Ⅰ is
[39]
a protumorigenic signal for hepatocarcinogenesis ;
(2) Low IGF-1 expression levels were also seen in
[40]
HCC compared to healthy volunteers , regardless
[39]
of the extent of liver function impairment ; and (3)
decreased IGF-Ⅰ expression was strongly associated
[41]
with high tumor invasiveness and poor prognosis .
Despite its importance in growth and differentiation,
epigenetic regulation of IGF-Ⅰ has not been yet exten
sively researched.

Table 1 microRNAs that regulate key players of the insulinlike growth factor axis in hepatocellular carcinoma
Downstream IGF
member
IGF-Ⅰ
IGF-Ⅱ

IGFBPs:
IGFBP3
IGF-1R

IGF-2R

Upstream microRNAs Net effect on IGF member
expression
miR-190b
miR-486-5p
miR-615-5p
Let-7a
miR-96
miR-182
miR-155
miR-17-5p
miR-145
miR-122
miR-99a
miR-223
miR-486-5p
miR-182
miR-1275
miR-181a
miR-96
miR-155
miR-211

Downregulated
Upregulated
Downregulated
Upregulated
Downregulated

Downregulated

Upregulated
Downregulated

IGF: Insulin-like growth factor.

naturally organized in clusters that share the same
[30]
transcriptional regulation . The biogenesis of miRNAs
involves several processing and trimming steps by
RNA endonucleases, with Drosha and dicers giving rise
to mature microRNAs (approximately 22 nucleotides),
after being transcribed by RNA polymerase Ⅱ to
form its genomic sequence. Mature miRNAs are then
incorporated into RNA-induced silencing complex
(RISC) through which miRNAs mainly exert their
regulatory function by base pairing to a complementary
target region in the 3’ untranslated region (3’UTR) of
their target gene transcript. Transcripts are regulated
either through their degradation or translational
[31]
repression . More or less, perfect complementarities
lead to complete target mRNA degradation. However,
imperfect complementarities result in decreased
translational expression of the target gene without
[32,33]
affecting mRNA level
.
In this review, we shed light on the epigenetic
regulation of the IGF axis in HCC and provid a
summary of most of the microRNAs involved in the
process (Table 1). This information may provide insight
on means to restore the expression of those aberrantly
expressed microRNAs and the normal expression of
IGF axis members.

microRNAs and IGF-I in HCC

To date, miR-190b is the only microRNA described to
regulate IGF-Ⅰ directly in HCC cells. Ectopic expression
of miR-190b resulted in decreased IGF-Ⅰ expression in
hepatoma cell lines. Insulin resistance may be a part
of the physiopathologic significance of decreased IGF[42]
Ⅰ expression in HCC development and progression .
Interestingly, one study demonstrated a reciprocal
relationship between IGF-Ⅰ and anti-miR-122. HepG2
cells secreted IGF-I that was able to suppress miR-122
expression in Huh-7 cells. In this experiment, IGF-I
hindered intercellular exosomal transfer of miR-122,
thereby ensuring its own proliferative signals by
repressing growth by retarding miR-122 in neighboring
[43]
cells .
In a recent study by our group, overexpression of
the tumor suppressor miR-486-5p in natural killer cells
of HCC patients resulted in elevated expression of IGFⅠ mRNA, and this was directly correlated with induced
perforin and NKG2D activating receptor expression(a
[44]
representatives of natural killer cell cytotoxicity) .

IGF-Ⅱ

IGF-Ⅰ

IGF-Ⅱ is a well described growth factor that is
involved in neonatal development and progression of
[45]
many cancers . In contrast to IGF-Ⅰ, GH does not
[2]
regulate IGF-Ⅱ release . Both parenchymal and non[36]
parenchymal liver cells can produce IGF-Ⅱ , and
IGF-Ⅱ expression reaches its maximal level during the

IGF-Ⅰ is a potent and crucial growth factor in the
IGF signaling network. IGF-Ⅰ is released by different
[34]
tissues, including the liver . IGF- Ⅰ is the key
mediator of growth hormone (GH) function in different
[35]
developmental stages . GH is secreted by the
pituitary gland, and it binds to GH receptors in the
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fetal stage, where it functions in a pivotal role in fetal
[46]
development . Nevertheless, after birth, IGF-Ⅱ levels
decline gradually and reach a constant steady state for
[47]
life . IGF-Ⅱ has high affinity towards IGF-1R through
[2]
which it regulates cell growth . More interestingly,
IGF-Ⅱ binds to IGF-2R to induce IGF-Ⅱ internalization
[48]
and breakdown . Extensive research has found that
the IGF-Ⅱ ligand is the most epigenetically regulated
member among the IGF family.
IGF-Ⅱ overexpression has been evidenced in
[49]
16%-40% of human HCC . Experimental induction
of IGF-Ⅱ expression was positively correlated with
enhanced cell growth; moreover, its inhibition promoted
[50,51]
apoptosis
.

defects had no impact on post-transcriptional IGFⅡ expression regulation in intrauterine growth
[61]
restriction
, it was reported that miR-483-5p was
downregulated after Hepa1-6 cells treatment with
chromeceptin (IGF-Ⅱ transcripts inhibitor), since
the expression of the entire transcript of IGF-Ⅱ was
silenced.
We reported on several microRNAs that highly
controlled IGF- Ⅱ ; beginning with miR-615-5p,
which is exclusively expressed in HCC tissues as a
compensatory anti-tumor mechanism and totally
absent in healthy liver tissues. miR-615-5p intended
overexpression was able to markedly suppress IGFⅡ expression in HuH-7 and HepG2 cells, resulting
in inhibited cellular viability, migration, proliferation,
[62]
and colony-forming ability . MicroRNAs are known
to knock down the expression of their target gene.
However, in HuH-7 and HepG2 cells, our results showed
that overexpression of the oncomiR-155 remarkably
induced the expression of IGF-Ⅱ, which was a highly
predicted downstream target by several computational
algorithmic tools. The concomitant overexpression of
miR-155 and its predicted downstream target IGF-Ⅱ
was highly correlated with enhanced cell proliferation,
[63-65]
migration, viability, and clonogenicity
in addition
to the single-clustered hepatic metastamiRs, miR-96
and miR-182, which induced IGF-Ⅱ mRNA expression
[66]
following overexpression in HuH-7 cells .
The expression of IGF-Ⅱ is regulated by mecha
nisms other than gene imprinting and miRNAs. A
recently discovered family of mRNA binding proteins
called IGF-Ⅱ mRNA binding proteins (IGF2BPs) was
shown to greatly influence IGF-Ⅱ expression. Of the
three IGF2BPs, IGF2BP-1 was reported to repress the
IGF-Ⅱ mRNA translation in growing chicken by binding
[67]
to its 5’-UTR at multiple sites . Both IGF2BP-2 and
3 are upregulated in HCC, and their expression is
strongly correlated with tumor grade, poor prognosis,
[68]
and metastasis . The regulatory effects of IGF2BP-2
and 3 on IGF-Ⅱ expression have never been inves
tigated in HCC.
Our research group performed bioinformatics
analysis, and it was predicted that let-7a can target
both IGF2BP-2 and 3 with a very promising score. This
was confirmed via forced expression of let-7a in Huh7
cells, which resulted in a significant downregulation
of both IGF2BP-2 and 3 mRNAs. Furthermore,
transfecting Huh7 cells with inhibitors of let-7a resulted
in restored expression of both IGF2BP-2 and 3 mRNAs.
These finding show that let-7a can also downregulate
IGF-Ⅱ indirectly through targeting its regulators, the
[69-70]
IGF2BPs
.

DNA methylation and IGF-Ⅱ in HCC

Genomic imprinting is a genetic phenomenon where
genes are expressed in a parent-of-origin-specific
manner. The IGF-Ⅱ gene is maternally imprinted
[52-53]
in humans
, which emphasizes the importance
of gene dosage; and normal development requires
controlled accurate expression of IGF2. Moreover, Loss
Of Imprinting (i.e., bi-allelic expression) of the IGFⅡ gene in different tumors explains dysregulation
of IGF-Ⅱ imprinting, which plays a major role in
tumorigenesis. IGF-Ⅱ LOI has been demonstrated
[54]
[55]
in colorectal carcinomas , Wilms tumor , juvenile
[56]
nasopharyngeal angiofibromas , and childhood acute
[57]
lymphoblastic leukemia . In the case of bi-allelic
expression of IGF-Ⅱ from both parental IGF-Ⅱ alleles,
the incline in IGF-Ⅱ production was believed to be the
[58]
major carcinogenic mechanism . In HCC, IGF-Ⅱ LOI
has been frequently reported to be involved in tumor
development. In a study where 71 HCC tissues were
analyzed, LOI of the IGF-Ⅱ locus was reported in 89%
[59]
of the tissues . This observation suggests that loss
of parental-specific imprinting at the IGF-Ⅱ locus is
associated with HCC.

microRNAs and IGF-Ⅱ in HCC

Emerging studies on the regulation of IGF-Ⅱ by
microRNA are a step towards a new therapeutic
approach for the control of many cancers and de
velopmental abnormalities. A link between IGF-Ⅱ and
its intronic-derived miR-483 has been revealed. The
miR-483 sequence is located in intron 2 of the IGFⅡ gene, and the relationship between the intronic
miR-483 and its host gene is quite uncommon. miR483-3p was found to be co-expressed with its host
gene IGF-Ⅱ , although some tumors exhibited a high
expression of miR-483-3p without a concomitant
increase in IGF-Ⅱ. Therefore, it was suggested that
miR-483-3p might work in cooperation with IGFⅡ or independently of IGF-Ⅱ, where it acts as an
autonomous oncogene. In addition, inhibition of
miR-483-3p by oligonucleotides did not affect IGFⅡ expression and led to miR-483-3p inhibition only
[60]
in HepG2 cell lines . While miR-483-3p expression
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microRNA-DNA methylation interplay in IGF-Ⅱ
regulation

Previously, we showed that the let-7a gene was more
hypermethylated in HCC tissues than in healthy liver
biopsies. The relationship between hypermethylated
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let-7a3 and IGF-Ⅱ was further investigated, and
it was shown that their expression in HCC tissues
demonstrated an inverse relationship. This relationship
was further confirmed by forced expression of let-7a
in HuH-7 cells, which resulted in IGF-Ⅱ expression
[71]
repression .
The impact of reactivation of the let-7a-3 gene was
determined by utilizing the demethylating drug 5-aza2’-deoxycytidine (Decitabine). Decitabine passively
[71]
removes methylation patterns by inhibiting DNMT-1 .
DNMT-1 is called the maintenance DNMT as it is
responsible for the inheritance of methylation patterns
[72]
in cells over cell divisions . Thus, inhibition of DNMT-1
by Decitabine caused gradual loss of methylation and
[71]
relief of expression of epigenetically silenced genes .
In our work, treating Huh7 cells with high doses of
Decitabine for 5 d resulted in significant upregulation
of let-7a. Interestingly, the reactivation of let-7a
expression resulted in a significant downregulation of
[69]
IGF-Ⅱ .

addition, miR-96 and miR-182 forced overexpression in
[65]
HuH-7 cells resulted in IGFBP-3 mRNA expression .

IGF-1R

IGF-1R is an important transmembrane gate for
IGFs that opens the way for IGF mitogenic pathway
[84]
activation through its intrinsic tyrosine kinase activity .
Binding of IGF-Ⅰ and IGF-Ⅱ potently activates the IGF[85]
1R . Consequently, IGF-1R undergoes conformational
changes, autophosphorylation of specific tyrosines, and
activation of certain docking proteins, insulin-receptor
[1]
substrate proteins (IRS-1 to -4) .
Healthy mature hepatocytes do not express IGF1R, whereas HCC cells exhibit overexpression and
[86]
overactivation IGF-1R . Overexpression of IGF1R in HCC has been extended to its downstream
components, such as IRS-1, which correlates with
[87]
tumor growth .

microRNAs and IGF-1R

IGF1R is widely regulated by microRNAs in HCC.
miR-145 was shown to be downregulated in HCC,
and restoration of its expression in an in vitro model,
HKCl-C2, was associated with inhibition of cellular
viability and proliferation. The underlying tumor
suppressing mechanism of miR-145 was reported to
be via targeting IGF-1R together with its downstream
[88]
docking proteins IRS1 and IRS2 (24690171) and an
important circuit involving GSK-3p and CCAAT enhancer
binding protein (C/EBP)α. IGF-1R and miR-122
relationship was unveiled, where IGF-1R results in
activation of the downstream Akt that led to GSK-3p
kinases activation (via de-phosphorylation), which then
phosphorylated the transactivator C/EBPα that bound
to miR-122 promoter, inducing miR-122 expression.
Authors have experimentally validated IGF-1R as a
direct target of miR-122 in HepG2 cells, where miR-122
overexpression resulted in IGF-1R downregulation.
More interestingly, miR-122 was able to abolish growth
signaling through the IGF-1R/Akt/GSK-3p/cyclin
D1 pathway, which subsequently resulted in DNA
[89]
replication and cell cycle progression
. miR-99a was
also suggested to target IGF-1R in HCC cells. Forced
overexpression of miR-99a downregulated IGF-1R,
which led to cell cycle arrest, inhibited colonigenicity,
[90]
and growth of HCC cells . Moreover, overexpression
of miR-223 in hepatoma, leukemia, and HeLa cells
revealed potent IGF-1R downregulation that resulted
in suppressed proliferation, growth rate, and colony
formation in vitro and in vivo tumorigenicity in nude
[91]
mice .
In our research group, several microRNAs were
described that regulate IGF-1R in HCC. The singleclustered hepatic metastamiRs miR-96 and miR-182
were able to regulate the expression of IGF-IR in
a paradoxical manner in Huh-7 cell lines, where
forced expression of miR-96 induced IGF-IR mRNA
expression in contrast to miR-182, which inhibited

IGFBPs

IGFBPs are six high affinity binding proteins (IGFBP1-6)
[73,74]
that share 36% homology
. IGFBPs genes are
transcribed in a cell specific manner under tight
[75]
hormonal and growth factor control . Although
IGFBPs are expressed widely among tissues, one
or two classes are preferentially produced in each
[76]
[36]
tissue . Liver is the principle source of IGFBPs ,
and circulating IGFBPs bind efficiently to IGF-Ⅰ and
[76-77]
IGF-Ⅱ
. Since IGBPs are abundantly expressed,
[75,78]
99% of circulating IGF-Ⅰ is bound to IGFBPs
.
IGFBPs function by decreasing the bioavailability of
IGF ligands, weakening IGF-1R axis. Therefore, some
IGFBPs have anti-proliferative effects in human HCC.
For instance, ectopic treatment of HepG2 cells by
IGFBP3 was able to reverse the carcinogenic effect of
[79]
exogenously-supplied IGF-Ⅰ . Consequently, as a
cancer hallmark of HCC, IGFBPs were poorly expressed
[80]
in human HCC .

microRNAs and IGFBPs

Recently, research on the biological roles of IGFBPs has
expanded. Continuous accumulation of data indicates
that IGFBPs are not just responsible for modulating
IGF bioactivity but are also responsible for important
biological actions independent of their abilities to bind
[81]
IGFs .
Our previous work described miR-17-5p as an
oncomiR in HCC that contributed to increase in the
proliferation and migration of HuH-7 cells upon miR[82]
17-5p overexpression . In further studies, our group
demonstrated a direct relationship between miR-175p and IGFBP-3 mRNA expression in HCC patients.
However, bioinformatics as well as gain and loss of
function experiments of miR-17-5p in HuH-7 cells
showed downregulation of IGFBP-3 mRNA following
[83]
overexpression of miR-17-5p in HuH-7 cells . In
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Figure 1 Regulation of insulin-like growth factor signaling pathway by microRNAs in hepatocellular carcinoma. A schematic representation indicating the
insulin-like growth factor (IGF) signaling pathway with its different members. MicroRNAs were shown to impact differentially IGF members. Some microRNAs induce
the expression of their downstream IGF target (showed as an arrow), while others inhibit the expression of their downstream targets (showed as dash-ended line).
Interestingly, some microRNAs showed an inhibitory effect on their downstream target directly as well as indirectly, such as miR-1275 and Let-7a.
[66]

IGF-IR mRNA expression in HuH-7 cells , in
addition to oncomiR-155 that induced IGF-1R mRNA
expression upon miR-155 intended overexpression
in HuH-7 cells. This finding was closely correlated
to increased HuH-7 cell viability, proliferation,
[64,66]
migration, and clonogenicity
. Additionally, we
demonstrated that forced overexpression of miR181a negatively regulated IGF-1R and an IGF-1R
[92]
regulatory protein, Decorin, in HCC cell lines . Using
an immunomodulatory approach, our group showed
for the first time that forced expression of miR-4865p in natural killer cells isolated from HCC patients
was able to downregulate IGF-1R together with its
downstream signaling proteins STAT3 and mTOR.
This downregulation was inversely correlated with the
cytotoxicity of HCC-NK cells, which was represented
by overexpression of perforin and NKG2D activating
[44]
receptor upon miR-486-5p overexpression .

IGF-2R is the scavenger receptor that regulates IGF-Ⅱ
bioavailability. Accordingly, IGF-2R was demonstrated
as a tumor suppressor factor among the mitogenic IGF
[97-99]
family
.
IGF-2R expression profile in HCC meets the
features of a tumor suppressor, as it is downregulated
and closely related with increased IGF-Ⅱ expression
[100, 101]
and cellular proliferation in vitro and in vivo
.

IGF-2R

IGF-2R regulation by microRNAs exhibits the lowest
records to date. This finding might be due to the
lack of an intrinsic tyrosine kinase activity, making it
not involved in many processes of cellular division or
development.
Based on an algorithmic analysis, it was found
that miR-453 needs less energy for binding to the 3’
UTR of IGF-2R than miR-657, which shows a stronger
[105]
hybridization of the former to IGF-2R . In malignant
melanomas, miR-211 was found to be silenced; and
IGF2R, as shown by its expression induction in cell
lines, was suppressed. Therefore, silencing of miR-211

DNA methylation of IGF2R

IGF2R gene imprinting profile varies among spe
[99,102]
cies
. Polymorphic expression of IGF2R was
evidenced in humans, where the majority showed a
biallelic IGF2R expression while some showed imprinted
[19,103]
expression
. These individuals with imprinted
expression were liable to develop HCC due to decreased
[104]
expression and function of IGF2R protein .

IGF-2R regulation by microRNAs

IGF-2R is expressed from the IGF-Ⅱ R gene, and only
[93]
10% of IGF-2Rs are expressed on the cell surface .
Its extracellular domain has 15 homologous tandem
repeats that enable the receptor to bind to M6P
[94]
containing proteins as well as M6P free factors .
[95]
IGF-Ⅱ is among the M6P free proteins in addition
[95]
to IGF-I that binds the receptor with lower affinity .
The IGF-Ⅱ-IGF2R complex travels to the endosomal
compartment; where the IGF-Ⅱ is degraded, and
the receptor is re-expressed on the cell membrane to
[96]
capture more ligands . Therefore, in the IGF axis,
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may lead to melanoma invasiveness and further
[106]
progression through loss of control on IGF-2R .

7

CONCLUSION

8

In the new and rapidly emerging field of microRNAs,
implementation of the short non-coding RNAs and
RNA interference based treatment in clinical practice
is becoming a possibility. In conclusion, the UTRs of
IGFs, IGFBP, and IGF receptors have been shown to
be targeted by numerous microRNAs that ultimately
regulate their targets at the mRNA and/or protein
level. This regulation by a big group of upstream
microRNAs could be a potentially new area of research
for harnessing the undesirable effects of IGF network
deregulation, or on the other hand, inducing their
developmental functions. It was remarkable to
find several microRNAs that can regulate multiple
targets solely within one pathway, such as miR-155,
miR-96, miR-182, and let-7a (Figure 1). Regulation
of such crucial IGF signaling pathway components
by microRNAs is still considered a new area for
research that needs further investigation. Since most
of the studies that investigated IGF axis regulation
by microRNAs were done in cancers associated with
upregulated mitogenic IGF members, correction of this
pathway could potentially tame the wild effects of the
IGF proteins.
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TOPIC HIGHLIGHT
2016 Pancreatic Cancer: Global view

Key players in pancreatic cancer-stroma interaction:
cancer-associated fibroblasts, endothelial and inflammatory
cells
Michael Friberg Bruun Nielsen, Michael Bau Mortensen, Sönke Detlefsen

Abstract

Michael Friberg Bruun Nielsen, Sönke Detlefsen, Department
of Pathology, Odense University Hospital, University of Southern
Denmark, 5000 Odense, Denmark

Pancreatic cancer (PC) is the most aggressive type of
common cancers, and in 2014, nearly 40000 patients
died from the disease in the United States. Pancreatic
ductal adenocarcinoma, which accounts for the
majority of PC cases, is characterized by an intense
stromal desmoplastic reaction surrounding the cancer
cells. Cancer-associated fibroblasts (CAFs) are the
main effector cells in the desmoplastic reaction, and
pancreatic stellate cells are the most important source
of CAFs. However, other important components of
the PC stroma are inflammatory cells and endothelial
cells. The aim of this review is to describe the complex
interplay between PC cells and the cellular and noncellular components of the tumour stroma. Published
data have indicated that the desmoplastic stroma
protects PC cells against chemotherapy and radiation
therapy and that it might promote the proliferation
and migration of PC cells. However, in animal studies,
experimental depletion of the desmoplastic stroma
and CAFs has led to more aggressive cancers. Hence,
the precise role of the tumour stroma in PC remains
to be elucidated. However, it is likely that a contextdependent therapeutic modification, rather than
pure depletion, of the PC stroma holds potential for
the development of new treatment strategies for PC
patients.
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using genetically engineered mouse models (GEMMs)
and human tissue, it was hypothesized that ADM
might progress and contribute to the development
[12,13]
of PanINs
. In support of the ADM hypothesis,
ADM-associated atypical flat lesions were found to be
G12D/+
the most likely PDAC precursor in Kras
, Ptf1aex1/+
Cre
GEMMs and in patients with family histories of
[4]
PDAC, but not in sporadic PDAC . In sporadic PDAC,
however, tubular complexes and mucinous tubular
complexes were frequently found.
Studies using PC animal models, especially GEMMs,
have contributed to the understanding of PDAC
[14,15]
progression
. GEMMs are considered superior to
xenograft models, in which PC tumours are formed when
human PC cells are introduced into immunocompromised
mice. In GEMMs of PC, endogenous expression of K-ras
is switched on in the progenitor cells of the mouse
[16]
pancreas . Such molecular modifications result in
progression to invasive PC through distinct stages of ductal
lesions that mimic human PanINs. Human 3-dimensional
(3D) organotypic models have contributed to the
[17,18]
characterization of tumour-stroma crosstalk in PC
.
The organotypic model is a simplified representation of
the complex in vivo 3D microenvironment. Organotypic
models are relatively easy manipulated, and they
constitute a useful tool for the systematic examination of
anticancer therapies.
The most common symptoms in patients with
PC are asthenia, anorexia, weight loss, icterus, and
[19]
abdominal pain . The majority of PC patients are
diagnosed in the late stage of disease, when surgical
resection is no longer an option. Currently, effective
screening tools to detect premalignant or early stages
of the disease are not available. Both inherent and
environmental factors are key contributors to the
[20]
development of PC . Cigarette smoking is the most
important predisposing factor. Up to 20%-25% of all
PC cases can be attributed to smoking, and current
smokers have a 2.2-fold higher risk of developing
[21,22]
PC than people who have never smoked
. Other
important risk factors include type 2 diabetes, chronic
[23-27]
pancreatitis, and heavy alcohol consumption
.
According to a meta-analysis of seven case-control and
two cohort studies including 6568 patients, individuals
with family histories of PC had a nearly 2-fold increased
[28]
risk of developing PC . Approximately 10% of all PC
cases have a familial background, and BRCA2, PALP2,
and p16 germline mutations have been associated
[20,29,30]
with familial pancreatic cancer (FPC)
. FPC is
defined as PC occurring in a patient with two or more
[31,32]
first-degree relatives with PC
. FPC is inherited as
an autosomal dominant trait with high penetrance
[33]
in family members . The risk of developing PC is
very high in cases with hereditary pancreatitis, which
is most often caused by mutations in the cationic
[34]
trypsinogen gene (PRSS1) .
PDAC is distinguished from many other cancer types
by the excessive amount of scar tissue (“desmoplasia”)
that surrounds the malignant cells and occupies up to

response to chemotherapeutics, which are often
directed against the PC cells. One of the histological
hallmarks of PC is the extensive desmoplastic stromal
reaction that surrounds the PC cells. The PC stroma
is not simply a bystander of the neoplastic process
but plays an active part in disease progression and
metastasis. The PC cells, cancer-associated fibroblasts,
inflammatory cells, endothelial cells, and the extra
cellular matrix engage in a complex interplay, the
modulation of which could hold potential for the future
development of new PC therapies.
Nielsen MFB, Mortensen MB, Detlefsen S. Key players
in pancreatic cancer-stroma interaction: Cancer-associated
fibroblasts, endothelial and inflammatory cells. World J
Gastroenterol 2016; 22(9): 2678-2700 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i9/2678.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i9.2678

INTRODUCTION
In 2014, pancreatic cancer (PC) was the fourth leading
cause of cancer-associated deaths in the United States,
with 46420 estimated new cases and 39590 estimated
[1]
deaths . The 5-year PC survival rate is approximately
5%, and surgical resection offers the only option for
[1]
long-term survival . However, even for patients who
undergo surgery for localized disease, the 5-year
[2]
survival rate is only approximately 20% .
Pancreatic ductal adenocarcinoma (PDAC) accounts
for approximately 85% of all PCs, and most of the
published data have indicated that PDAC arises from
[2,3]
ductal epithelial cells
. However, an alternative
hypothesis, called acinar-ductal metaplasia (ADM),
suggests that PDAC arises from the centro-acinar
[4]
acinar compartment (CAAC) . According to a wellestablished progression model for the development
of PDAC, the normal duct epithelium progresses to
invasive adenocarcinoma through histologically welldefined stages of duct lesions, the so-called pancreatic
[5,6]
intraepithelial neoplasias (PanINs) . However, not
all PanINs will progress to invasive cancer. The PanIN
subsets are histologically distinctive and genetic
alterations characteristic of invasive adenocarcinomas
[5]
can be identified in early ductal lesions . Molecular
abnormalities, which include the overexpression of
oncogenes (K-ras and HER2/neu) and the deletion
of tumour-suppressor genes (p16, p53, DPC4, and
BRCA2), accumulate during progression through the
[5,7]
different PanIN stages . In support of the credibility
of this progression model, approximately two-thirds
of somatic mutations have been found to be shared
[8]
between PanINs and associated invasive carcinomas .
Animal models using rats and transgenic mice,
however, found that so-called tubular complexes, which
are thought to originate via ADM, might be important
[9-11]
precursor lesions in PDAC
. In subsequent studies
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Figure 1 Desmoplastic reaction in pancreatic ductal adenocarcinoma. The normal exocrine pancreas consists of acini with acinar cells and pancreatic ducts lined
by epithelial cells. Quiescent pancreatic stellate cells (qPSCs) and interlobular fibroblasts are located in the periacinar space. Only a few T cells are observed, and
B lymphocytes, plasma cells, and eosinophilic and neutrophilic granulocytes are very rare. The extracellular matrix (ECM) is largely limited to thin interlobular septa
and pancreatic ducts (A); In pancreatic ductal adenocarcinoma, cancer cells permeate the basal membrane of dysplastic pancreatic ducts and invade the surrounding
tissue. This invasion is accompanied by a strong desmoplastic reaction in which cancer-associated fibroblasts (CAFs), arising mainly from quiescent PSCs, synthesize
an abundance of ECM proteins. Lymphocytes, macrophages, and mast cells infiltrate the peritumoral stroma. There is an increased need for oxygen and nutrients,
leading to increased angiogenesis (B).
[35,36]

[37]

80% of the entire cancer nodule
. The desmoplastic
stroma consists predominantly of cancer-associated
fibroblasts (CAFs), inflammatory cells, small blood
[36]
vessels, and extracellular matrix (ECM)
(Figure 1).
Resistance to therapy is the most important clinical
challenge in PC. The increased use of combination
chemotherapy could benefit selected patients in both a
palliative and neo-adjuvant setting, but this treatment
strategy is non-specific and has no significant impact
on long-term outcome. Numerous studies have now
documented tumour-promoting functions of the
key components of the tumour stroma, including
CAFs, ECM, endothelial cells, and inflammatory cells.
However, mouse studies focused on stromal depletion
have illustrated a tumour-suppressing, rather than a
tumour-promoting, role of the stromal compartment.
Hence, the precise role of the tumour stroma is
currently controversial, and the aim of this review is
to assess the context-dependent role of the various
stromal components in the development of PC, as well
as their potential for the future development of new
treatment strategies.

fibroblasts , play a significant role in tumour growth
and progression. These cells display a myofibroblastlike phenotype, characterized by a spindle shape and
the expression of α-smooth muscle actin (α-SMA).
Functionally, CAFs are characterized by their production
of a wide variety of ECM molecules and cytokines.

origin of cancer-associated fibroblasts

CAFs can originate from different cellular sources,
including pancreatic stellate cells (PSCs), which are
considered to be the most important source by far,
and probably resident fibroblasts and bone marrow[38,39]
derived cells (BMDCs) (Figure 2)
. Epithelial cells,
through epithelial-mesenchymal transition, have also
been proposed as a cellular source of CAFs, but this
[40,41]
hypothesis is still under debate
.
PSCs: PSCs are the most important cellular source of
[39]
CAFs in PC . Additionally, PSCs are the main effector
[42-45]
cells in the fibrotic process of chronic pancreatitis
.
PSCs have much in common with hepatic stellate cells
(HSCs) because they both store vitamin A and are both
characterized by their stellate morphology. PSCs came
into focus when they were isolated and cultured by two
[46,47]
independent research groups in 1998
. However,
retrospectively, it was probably the same vitamin
A-storing cell described by Watari in mice and by Ikejiri

CAFs and the interaction between
CAFs and PC cells
CAFs, originally known as carcinoma-associated
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Figure 2 Cellular sources to cancer-associated fibroblasts in pancreatic ductal adenocarcinoma. Pancreatic stellate cells (PSCs) constitute the most important
cellular source of cancer-associated fibroblasts (CAFs) in pancreatic cancer. In the normal pancreas, quiescent PSCs (qPSCs) have a periacinar location. When
activated by cytokines or oxidative stress, they develop a myofibroblast-like phenotype. Resident periductal and interlobular fibroblasts can also contribute to the CAF
population. Moreover, several studies have indicated that bone marrow-derived cells (BMDCs) are recruited to the pancreas during tissue injury, where they gain CAFlike properties. It could also be speculated that epithelial cells, through epithelial-mesenchymal transition (EMT), could be a source of CAFs.
[48,49]

Additionally, human aPSCs were deactivated when
cultured on Matrigel and treated with N-acetylcysteine
[62]
(NAC) . NAC induced similar cell cycle arrest in
activated HSCs through the mitogen-activated protein
[63]
kinase (MAPK) kinase pathway .
Activated PSCs lose their vitamin A lipid vacuoles,
develop a spindle-shaped morphology, and begin to
[46,47]
express α-SMA
. They differ from their quiescent
counterparts in that they proliferate and develop
[50,64]
migratory and phagocytic properties
. The secreted
proteomes of cultured qPSCs and aPSCs have been
compared, utilizing an immortalized cell line derived
[65]
from human PSCs . Proteomic profiling identified 641
unique proteins secreted by aPSC, compared to only
46 unique proteins identified in qPSCs. These proteins
were associated with proliferation, inflammation, ECM
remodelling, cell motility, and invasion, supporting an
[65]
active role for aPSCs in PC progression .

in humans
. In the normal pancreas, quiescent PSCs
(qPSCs) are located in the periacinar space, and in the
rat pancreas, they constitute approximately 4% of all
[46,47]
parenchymal cells
. qPSCs function as a storage site
for vitamin A and might be involved in ECM turnover
because they have the capacity to produce matrix
[50]
metalloproteinases (MMPs) . Numerous biomarkers
[39]
[46,47]
for qPSCs have been reported , including desmin
,
[51]
[47]
[52]
nestin , vimentin , synemin , and glial fibrillary
[46]
acidic protein (GFAP) , but some of these markers
have been identified in rats only, and most of them
are not entirely specific for qPSCs. Hence, entirely
specific immunohistochemical biomarkers for human
qPSCs applicable in routine diagnostics have yet to be
identified. During tissue injury or carcinogenesis, qPSCs
become activated, attaining a state called activated
PSCs (aPSCs), and they develop a myofibroblast-like
[39]
phenotype
(Figure 3). There are several factors that
activate qPSCs, such as platelet-derived growth factor
[53,54]
(PDGF), transforming growth factor beta (TGFβ)
,
tumour necrosis factor alpha (TNFα), and interleukins
[55]
1, 6, and 10 (IL-1, IL6 and IL10) . PSCs express
receptors for most of these cytokines in chronic
[44,45,56,57]
pancreatitis, as well as in PDAC
. Activated PSCs,
in turn, produce PDGF and TGFβ, which contribute
[58,59]
to autocrine signalling
. Cultured rat qPSCs are
activated by alcohol derivatives and oxidative stress,
which could explain the fibrotic reaction in alcoholic
[60]
chronic pancreatitis . This activation is a reversible
process because incubation of PSCs with trans-retinol
[61]
retinoic acid induced quiescence in aPSCs in vitro .
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Bone marrow-derived cells: CAFs can arise from
[66-69]
stem cells originating from the bone marrow
.
Bone marrow-derived cells (BMDCs) were recruited
to the pancreatic stroma in a rat model of acute
pancreatitis induced by a choline-deficient/ethionine[70]
supplemented diet . Tagged BMDCs from female
mice were transplanted into male rats and contributed
to the aPSC pool, as indicated by their expression
of desmin and α-SMA. In an experimental chronic
pancreatitis mouse model, BMDCs were tracked with
green fluorescent protein on the Y-chromosome in
[66]
sex-mismatched transplanted mice . Desmin-positive
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Cancer cell
qPSC

aPSC/CAF
Growth factors
Cytokines

Tissue damage
Cytokines
Oxidative stress

ECM

Stellate morphology
Periacinar location
Vitamin A lipid vacuoles

Spindle-shaped
Located in areas of fibrosis
Synthesis of ECM, cytokines and
growth factors

Figure 3 Activation of quiescent pancreatic stellate cells in pancreatic cancer. In the normal pancreas, pancreatic stellate cells are in the quiescent state
(qPSCs) and located in the periacinar space. They have a stellate morphology and contain vitamin A lipid vacuoles. During carcinogenesis, they become activated
(aPSCs). aPSCs are the most important cellular source of cancer-associated fibroblasts (CAFs) in PC. CAFs, characterized by a spindle-shaped morphology, are the
main effector cells in the desmoplastic reaction, and they synthesize extracellular matrix (ECM) proteins. Further, they produce the growth factors and cytokines that
promote cancer cell proliferation and migration.
[75]

BMDCs engrafted to the pancreas and contributed to
approximately 5% of all PSCs. A fraction of the bone
marrow-derived cells expressed α-SMA, indicating
that BMDCs had been activated and had contributed
[66]
to tissue repair . In another study, BMDCs were
transplanted from male β-actin-EGFP mice into female
C57/BL6 mice, which were divided into two groups.
One group had caerulein-induced chronic pancreatitis
and the other had dimethylbenzanthracene (DMBA)induced PC. The engrafted BMDCs contributed to the
[67]
population of aPSCs in fibrotic areas in both groups .
Similar observations had already been made in rats
[71]
in a 2009 study . Chronic pancreatitis is a risk factor
[26]
for the development of PC , and based on the above
studies, it is tempting to speculate that BMDCs might
contribute to the CAF population in human PC.
It has been documented that BMDCs with a
+
+
fibrocyte precursor phenotype (CD45 , collagen 1 )
circulate in the peripheral blood before engrafting
[68,72]
to the fibrotic pancreas
. In the pancreas, as
well as other organs, mature fibrocytes transform
into myofibroblasts and participate in fibrogenesis
[68,73,74]
by producing ECM and MMPs
. When BMDCs
from male mice were injected into the tail veins of
female mice, followed by induction of pancreatic
+
fibrosis with cerulein, CD45 fibrocytes harbouring
the Y-chromosome circulated in the peripheral
blood, indicating that they represented transplanted
[68]
BMDCs . These circulating fibrocytes functionally
contributed to pancreatic fibrosis by differentiating
[68]
into myofibroblasts . Using a similar approach
with induced pancreatic insulinomas in mice, donorderived fibrocytes were found in the stroma of these
[72]
tumours .

an important CAF source in many types of cancers .
Fibroblasts are abundant in connective tissue, pro
ducing ECM and contributing to tissue homeostasis.
They are of mesodermal origin and characterized by
[76,77]
their spindle shape and extended cell processes
.
One challenge in studying fibroblasts is the lack of
specific molecular markers. Fibroblasts from different
body sites display a diverse transcriptional pattern, as
shown in the gene expression profiles of 50 primary
human fibroblast cultures obtained at 10 different sites
[78]
from 16 donors . Fibroblast-specific protein 1 (FSP-1)
seems to be the most useful marker for fibroblasts in
[76,77,79]
vivo
. In the mouse pancreas, FSP-1 expression
[80]
has been identified in interlobular fibroblasts , as well
[81]
[80]
as in in dendritic cells and aPSCs . In PDAC, FSP-1
has been documented in both human and mouse
[82,83]
[84,85]
CAFs
as well as in human PC cells
. The above
studies demonstrate that FSP-1 is not a totally specific
marker for resident pancreatic fibroblasts. High FSP-1
expression in human PDAC has been associated with
[84-86]
increased invasion and shorter survival
.
Upon tissue damage, cell necrosis/apoptosis leads
to the release of inflammatory cytokines (e.g., TGFβ1
and PDGF) and chemokines from local inflammatory
[87,88]
cells, endothelial cells, or mesenchymal cells
.
Subsequently, resident fibroblasts are activated, and
they proliferate and differentiate into myofibroblasts,
thereby contributing to the CAF pool. However, this
process has not yet been documented in human PDAC,
in which qPSCs seem to be by far the most important
[39]
source of CAFs .

CAFs stimulate the proliferation and migration of
pancreatic cancer cells

CAFs and PDAC cells mutually promote each other’s
proliferation and differentiation. Supernatants from

Resident fibroblasts: Resident (local) fibroblasts are
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cultured PDAC cells induced the proliferation and
[89]
production of ECM proteins in PSCs . Conversely, CAF
culture media induced the proliferation and migration
of PDAC cells, and the growth rate of PDAC cells was
markedly increased when PSCs were co-injected into
[89-91]
nude mice
.
To mimic the in vivo crosstalk between PC cells
and stromal cells, 3D cell cultures of human PC cells
and immortalized PSCs were cultured on Matrigel
and collagen, simulating the in vivo PDAC micro
[92]
environment . Under these conditions, PSCs modulated
the expression of adhesion molecules on the cancer
cells, increasing their invasiveness, in association with
the downregulation of E-cadherin and the upregulation
[92]
of β-catenin . These findings suggest that PSCs could
play an important role in PC metastasis. Another study
co-cultured PSCs with PDAC cells using conventional
[93]
cell cultures . The epithelial markers E-cadherin,
cytokeratin 19, and β-catenin were downregulated
in PDAC; the mesenchymal markers vimentin and
snail were upregulated; and cancer cell migration
[93]
was increased . In an orthotopic xenograft mouse
model, in which male human PSCs were co-injected
with female PDAC cells into the pancreases of female
mice, PSCs followed the PC cells to the metastatic sites,
suggesting that PSCs could play a role in the settlement
[94]
of metastatic PDAC cells .

a more activated phenotype after exposure to CRT,
[96]
compared to PSCs isolated prior to CRT .

Depletion and modulation of CAFs in the PDAC stroma

Based upon the above observations, one would
assume that a decrease in the CAF population
would result in a concomitant decrease in PC cell
proliferation/migration and an increased response
to CRT. Data regarding the consequences of CAF
depletion in the PDAC stroma have, however, been
conflicting. The effect of gemcitabine was examined
in KrasLSL.G12D/+;p53R172H/+;PdxCretg/+ (KPC)
[97]
mice depleted of desmoplastic stroma and CAFs .
The KPC mouse is a frequently applied GEMM,
expressing endogenous mutant Kras and p53 alleles
in pancreatic cells and developing pancreatic tumours
[97]
that morphologically closely resemble human PC .
Like their human counterparts, the KPC mouse
tumours also have a poor response to gemcitabine. In
control KPC mice, only two of 17 tumours responded
to gemcitabine treatment, and this finding is similar to
clinical results in human PDAC patients, in whom the
response rate is 5% to 10%. When applying IPI-926,
an inhibitor of the sonic hedgehog (shh) pathway,
depletion of the desmoplastic stroma and of α-SMA
positive CAFs was observed. This finding resulted in
increased vascularization and more effective drug
delivery, with improved overall survival. These data
suggest that depletion of stromal tissue and CAFs in
PDAC stimulated angiogenesis and enhanced drug
[97]
delivery . This finding could explain why inhibitors
of angiogenesis have failed to significantly improve
outcomes in PC, as approaches would potentially result
in the decreased delivery of chemotherapeutic agents.
Recently, IPI-926 was applied in a phase I study in
combination with oxaliplatin, irinotecan, fluorouracil,
[98]
and leucovorin (FOLFIRINOX) (Table 1) . The study
was closed early because a separate phase Ⅱ trial of
IPI-926 plus gemcitabine indicated a shorter median
survival in patients receiving this treatment.
The desmoplastic stroma, however, does not only
form a barrier that reduces tumour perfusion and
hampers the effect of chemotherapeutic treatment.
Recent data, based on studies on GEMMs, have
indicated that the desmoplastic stroma, as a whole,
might reduce the ability of PDAC cells to invade the
[99-101]
surrounding tissue and metastasize
. When PKT
cre/+
G12D/+
flox/flox
(Ptf1a ; LSL-Kras
; Tgfbr2
) mice developing
spontaneous PC were depleted of α-SMA-positive
myofibroblasts, more invasive tumours developed
[99]
and survival was reduced . In agreement with these
findings in mice, immunohistochemical scoring of
interstitial α-SMA positive cells from 53 resected PDAC
specimens revealed that small numbers of α-SMA
[99]
positive cells were associated with shorter survival .
Stromal depletion by deleting shh was examined in
the PKCY mouse model, resulting in earlier tumour
[100]
development and decreased survival . In subsequent

CAFs protect cancer cells against chemoradiation
therapy

In addition to their role as promoters of PC cell
proliferation and migration, CAFs have also been
shown to protect PC cells from chemotherapy and
[90]
radiation therapy (CRT). Hwang et al
isolated
human PSCs from resected PC samples and developed
an immortalized cell line. When the in vitro effects
of PSC-conditioned media on PC cell survival were
assessed in the presence of gemcitabine (100 μmol/L)
or radiation therapy (100-Gy), components in the PSC
[90]
media protected the PC cells against apoptosis .
Using monocultures or direct co-culture of PC cells with
PSCs, PC cell survival during radiation was increased in
[91,95]
the presence of PSCs
. This radioprotective effect
of PSCs was significantly reduced using antibodies
[91]
blocking β1-integrin signalling . However, in this
study, it was not confirmed that PSC-conditioned
media displayed radioprotective properties, and it
was suggested that direct contact between PSCs and
[91]
the PDAC cells was necessary . The ability of PSCs
to radioprotect PC cells in vivo was demonstrated
in xenograft models in which nude mice received
subcutaneous injections of human PC cells alone or
[91,95]
together with human PSCs
. Tumour growth was
delayed as a response to radiation in both cases, but
the response was less pronounced in tumours formed
from both PC cells and PSCs than in tumours formed
[91,95]
from PC cells alone
. Cultured human tumourderived PSCs, obtained from fine-needle aspirates, had
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Table 1 Important clinical trials describing drugs that target components of the pancreatic cancer stroma
Clinical trial

Target

Drug

Bramhall et al[138], 2002

ECM

Marimastat: MMP inhibitor

Moore et al[137], 2003

ECM

Strimpakos et al[141], 2013

ECM

Lutz et al[217], 2011;
Laheru et al[218], 2008

Immune cells

Royal et al[192], 2010

Immune cells

Le et al[219], 2013

Immune cells

Brahmer et al[194], 2012

Immune cells

Beatty et al[168], 2013

Immune cells

Ko et al[98], 2015

Stromal
depletion

Kindler et al[210], 2010

Angiogenesis

Kindler et al[211], 2011

Angiogenesis

Results

No survival advantage was found in patients receiving marimastat in
combination with gemcitabine compared to patients receiving gemcitabine
alone
Bay 12-9566: MMP inhibitor
Phase Ⅲ trial was closed early because Bay12-9566 treatment was inferior
to gemcitabine treatment
Phase Ⅰb trial of PEGPH20 administration in combination with
PEGPH20: degradation of
hyaluronan
gemcitabine showed no significant toxicity. Phase Ⅱ trials are warranted
GVAX: GM-CSF-based
Phase Ⅱ trial showed that GM-CSF-based immunotherapy was a safe
immunotherapy
immunotherapeutic approach in combination with chemoradiation
therapy. Phase Ⅱ, multicentre trials are warranted
Ipilimumab: CTLA-4 inhibitor
Phase Ⅱ trial of administration of ipilimumab did not show an acceptable
response as a single-agent therapy
Ipilimumab + GVAX
Phase Ⅰb trial of ipilimumab in combination with GVAX demonstrated
an improvement in overall survival compared to patients receiving
ipilimumab alone. Phase Ⅱ trials are warranted
BMS-936559: PDL1 inhibitor
Phase Ⅰ trial found no objective response in PC patients receiving
BMS-936559 treatment
CP-870893: CD40 agonist
Phase Ⅰ trial showed that CP-870,893 was well-tolerated in combination
with gemcitabine in patients with advanced PDAC, and immune activation
was observed. Phase Ⅱ trials are warranted
Phase Ⅰb trial administered IPI-926 in combination with FOLFIRINOX.
IPI-926 (saridegib): hedgehog
inhibitor
The study was closed early because a separate trial documented that the
patients experienced a shorter median survival
Bevacizumab: VEGF-A inhibitor
Phase Ⅲ trial of bevacizumab in combination with gemcitabine
did not improve overall survival compared to patients receiving
gemcitabine alone
Axitinib: inhibitor of VEGF
Phase Ⅲ trial of axitinib in combination with gemcitabine did not improve
receptors 1, 2 and 3
overall survival compared to patients receiving gemcitabine alone

ECM: Extracellular matrix; MMPs: Matrix metalloproteinases; VEGF: Vascular endothelial growth factor; PC: Pancreatic cancer; PDAC: Pancreatic ductal
adenocarcinoma.

experiments, shh deletion resulted in a significantly
reduced stroma and the reduction of α-SMA positive
myofibroblasts.
When primary human cancer-associated PSCs were
treated with the Vitamin D analogue calcipotriol, lipid
droplet formation increased and α-SMA expression
decreased, resulting in the induction of quiescence in
[102]
CAFs
. To examine the clinical potential of vitamin
D receptor activation, calcipotriol was administered
to KPC mice together with gemcitabine, resulting in
significant reduction of tumour size in 70% of mice,
while the intratumoral concentration of gemcitabine
triphosphate, the active metabolite of gemcitabine,
increased by 500%. The median survival was increased
by 57%, supporting the possibility that stromal
reprogramming to a more quiescent state, rather than
[102]
its total ablation, is efficient in PC
. Notably, this
study indicated that deactivation of CAFs increased
the susceptibility of PC cells to chemotherapy. Based
[103]
on these assumptions, Gundewar et al
identified
a new agent that could potentially inhibit the antitherapeutic effects of CAFs. These authors were able
to inhibit the proliferation of immortalized human
PSCs when cultured with L49H37, a synthetic
analogue of curcumin. The L49H37-treated cells were
retained in the G0/G1 phase, possibly due to elevated
phosphorylation of ERK1/2 and the downregulation of
p21.
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Taken together, the above studies illustrate the
complex role of the desmoplastic tumour stroma
in the progression of PC. Most of the initial studies
indicated that the desmoplasia and the cells producing
it hampered the effect of chemotherapy and promoted
PDAC cell proliferation and metastasis. More recent
studies, however, have supported the idea that the
desmoplastic stroma might form a barrier that reduces
the invasion of PDAC cells. Hence, the role of the
desmoplasia seems to be context-dependent. Induction
of quiescence in CAFs, leading to modulation of the
tumour stroma rather than ablation, could be the most
promising approach for the future development of
treatments targeting tumour desmoplasia in PC.

Prognostic value of CAF markers

High “stromal activity”, i.e., elevated expression of
α-SMA-positive CAFs in the stroma surrounding the
cancer cells, had a negative prognostic impact in
PDAC patients, as shown in a study of 233 resected
[104]
PDAC specimens
. The significance of high α-SMA
expression in the PDAC tumour stroma was later
[105]
supported by a study of 162 patients
. However,
as mentioned above, depletion of α-SMA-positive
myofibroblasts in the PDAC stroma of PKT mice was
[99]
associated with shorter survival . Large amounts of
secreted protein acidic and rich in cysteine (SPARC),
an alternative CAF marker in PDAC, had negative
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[106-109]

prognostic value in PDAC
. Immunohistochemical
characterization of 299 PDAC resection specimens
revealed that patients labelled positive for stromal
SPARC had a median survival of 15 mo, compared to 30
[109]
mo for patients with no stromal SPARC expression .
Immunohistochemical characterization of SPARC
expression in PC biopsy specimens from 58 nonresectable patients prior to CRT revealed that patient
survival was inversely correlated with stromal SPARC
[108]
expression . High SPARC expression, however, had
a negative prognostic impact only in patients treated
with adjuvant gemcitabine after resection but not in
[107]
adjuvant treatment-naive patients .
The desmoplastic stroma in PDAC is not a homo
geneous tissue. Different stromal compartments can be
more or less active, and the distribution and frequency
of different cell types vary in them. The desmoplastic
stromal compartments were classified based on in situ
[110]
hybridization experiments on human PDAC tissues .
Messenger RNA expression of 12 genes was scored
in the entire tumour stroma, called the panstroma,
compared to the stroma in the immediate vicinity
of the cancer cells, called the juxtatumoral stroma.
Three genes (apolipoprotein C-1, apolipoprotein D and
MMP11) were observed in the juxtatumoral stroma but
not in stromal cells located distantly from the cancer
cells. Further, α-2 macroglobulin was localized to nonneoplastic endothelial cells and the juxtatumoral stroma
but not to the peripheral stroma. It was suggested
that the juxtatumoral stroma plays a more active role
[110]
in the invasive process in PDAC
. The expression
of the above-mentioned genes in PDAC was further
evaluated in seven PCs associated with intraductal
papillary mucinous neoplasms (IPMNs), of which two
were colloid carcinomas, two were tubular carcinomas,
[111]
and three were mixed colloid/tubular carcinomas
.
The three genes were expressed in the juxtatumoral
stroma in all areas with tubular carcinoma, but no
expression was observed in the juxtatumoral stroma
of the two colloid carcinomas. This study also included
eight PDAC specimens, two of which had liver meta
stases. Apolipoprotein C-1 and apolipoprotein D, but
not MMP11, were also expressed focally in one of the
[111]
metastases
. These data indicate that the three
juxtatumoral markers could be of specific importance for
the invasion of pancreatobiliary-type adenocarcinomas
but not necessarily for the implantation of metastatic PC
cells in the liver.
Alpha-SMA is routinely used to identify aPSCs
and CAFs in PDAC. However, different subsets of
[82,112]
CAFs might be present in the PC stroma
. Mouse
models of PC (Rip1Tag2 mice) and breast cancer
(4T1 cells injected into BALB/c mice) harboured
CAF subpopulations, in which FSP1-positive CAFs in
particular showed only minimal overlap with other
CAF markers, such as neuron-glial antigen 2 (NG2),
[82]
α-SMA, and PDFGRβ . A CD10-positive subpopulation
[112]
of CAFs was identified in human PDAC specimens .
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They were localized juxtatumorally, in close proximity
to PDAC cells in 28 of 83 specimens, and these
patients had significantly shorter survival. Additional
studies focusing on the possible different roles of CAF
subpopulations would be of great interest, as such
studies have the potential to cast additional light on
the suggested context-dependent functional roles of
CAFs in PDAC.

ROLE OF STROMAL ECM COMPONENTS
IN THE DEVELOPMENT AND
PROGRESSION OF PC
The desmoplastic stroma in PDAC contains large amo
unts of ECM molecules (Figure 4). CAFs are responsible
for ECM synthesis in PDAC. Many ECM proteins have
[53,113]
been described in PDAC, including fibronectin
,
[53,113,114]
[115]
[116-119]
laminin
, tenascin C
, hyaluronan
,
[47,53,114,120,121]
[53,114]
collagen I
, collagen Ⅲ
, collagen Ⅳ
[114,122,123]
[124,125]
, and collagen XIA
.
Increased PC cell death was observed in vitro when
cancer cells were detached from the ECM, whereas
survival was increased when cancer cells were
[126]
cultured with laminin or fibronectin . In PC resection
specimens, samples with high stromal activity and
low collagen deposition were associated with shorter
patient survival, whereas the opposite was true for
samples with low stromal activity and high collagen
[104]
deposition .
Collagens Ⅰ and Ⅳ induce PC cell migration and
[127,128]
metastasis
. The human PC cell lines BxPC-3 and
Panc-1 became more motile when cultured on collagen
I-coated dishes, compared to non-, fibronectin-, or
[127]
laminin-I-coated plates
. The migratory properties
were accompanied by a more mesenchymal phenotype,
due to upregulation of N-cadherin, vimentin, and
[127,129]
snail
. Collagen I-induced PC cell migration was
demolished after treatment with an inhibitor of c-Jun
NH2-terminal kinase (JNK). Inhibition of other signalling
pathways, however, did not influence collagen I-induced
[129]
migration .

MMPs and degradation of ECM in PC

ECM breakdown is considered a mandatory step in
[130]
the processes of tumour invasion and metastasis
.
The family of matrix metalloproteinases (MMPs) are
the enzymes that are most responsible for degrading
[131]
ECM proteins
. ECM turnover is a highly dynamic
process, and ECM components are constantly syn
thesized, predominantly by fibroblasts, and broken
down by MMPs. The different MMPs share a similar
domain structure, and their activity is regulated by
[131]
tissue inhibitors of metalloproteinases (TIMPs) . The
expression of mRNAs encoding ECM-degrading MMPs
[132]
was examined in human PC specimens . MMP-2 and
MMP-9 were elevated compared to the normal pancreas,
and by in situ hybridization, they were particularly
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Figure 4 Main components
of the tumour stroma in pan
creatic cancer. A: Pancreatic
cancer (PC) cells, arranged
in small groups and duct-like
structures, are surrounded
by desmoplastic stroma (HE
staining); B: PC cells strongly
express maspin (maspin im
munostaining); C: Using a
Sirius red stain, the collagen
fibres of the desmoplastic
stroma are highlighted; D:
Numerous α-smooth muscle
actin-positive cancer-associated
fibroblasts are observed; E:
Tumour-infiltrating macrophages
(CD163 immunostaining); F:
T cells (CD3 immunostaining)
are shown; G: Additionally, a
few mast cells (tryptase im
munostaining); H: neutrophilic
granulocytes (myeloperoxidase
immunostaining) are present;
I: Several newly formed small
blood vessels are located in the
desmoplastic stroma (CD31
immunostaining).
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located in PC cells and spindle-shaped stromal cells
[132]
(CAFs/aPSCs)
. Expression of these MMPs and of
MMP13 was later observed in cultured rat PSCs. MMP2
expression was significantly increased when PSCs were
[50]
culture-activated or stimulated with TGF-β1 and IL-6 .
[133]
Koshiba et al
examined the role of MMP-2 in
human PC resection specimens using gelatine zymo
graphy. The MMP-2 activation ratio was significantly
higher than in the normal pancreas, and the ratio was
significantly higher in high tumour stage specimens
(pT3) and in patients with lymph node and distant
metastases compared to pT1 tumours without meta
stasis. Hence, the upregulation of MMP-2 might play a
[133]
significant role in tumour invasion and metastasis .
However, no correlation has been observed between
[134,135]
MMP-2 expression and overall survival
. The
prognostic role of MMP2 was not confirmed in a
later study that examined the immunohistochemical
expression of MMPs 1-3, 7-9, 11, 12, and 14 in
[136]
resection specimens
. Instead, high expression of
MMP7 in particular as well as MMP11 was found to
be associated with a poor prognosis. Administration
of MMP inhibitors, either alone or in combination with
gemcitabine, to patients with advanced PDAC has not
[137,138]
shown promising results (table 1)
.

did not significantly reduce tumour volumes in
mice treated with gemcitabine + THU compared
to gemcitabine only. Phase Ⅰ trials of PEGPH20
administration in combination with gemcitabine have
been performed, and no significant toxicity has been
[141]
observed (Table 1)
. Therefore, phase Ⅱ trials are
[141]
currently planned .

ROLE OF EMT IN METASTATIC PC
Epithelial-mesenchymal transition (EMT), originally
[142]
called epithelial-mesenchymal transformation
, is
characterized by the loss of epithelial properties and
the acquisition of a mesenchymal phenotype. Epithelial
cell markers, such as E-cadherin, are downregulated,
while the expression of mesenchymal cell markers,
[143,144]
such as vimentin, is increased
. Three types of
EMT have been defined: type 1 is associated with
implantation of the fertilized ovum, the following
embryogenesis, and development of organs, type 2
with tissue regeneration and fibrotic processes, and
[145]
type 3 with cancer progression and metastasis
.
The importance of type 3 EMT in the development of
metastases in human PC is still debated, and most
studies have been performed on animals and cultured
[146]
human cells
. Snail and slug, two transcription
factors that repress E-cadherin, were expressed in
[147]
human PC tissues but not in normal epithelial cells .
E-cadherin, fibronectin and vimentin expression
was characterized in 34 PC resection specimens
[148]
using immunohistochemistry
. In a subgroup of
these specimens, PC cells expressed vimentin and
fibronectin and showed downregulation of E-cadherin.
These patients had decreased survival, indicating that
EMT might be related to a more aggressive cancer
[148]
G12D
fl/+
type
. PKCY mice (Pdx1-Cre; Kras
; p53 ;
YFP
Rosa ) mimic human PDAC in that they develop
PanINs, primary tumours, and metastases with a
[144]
morphology similar to that in humans
. Further,
the pancreatic epithelial cells in PKCY mice could be
+
tracked (YFP -labelled cells). PC cells that underwent
EMT could be identified by their expression of zinc
finger E-box-binding homeobox (Zeb1) and the loss
of E-cadherin. Zeb1 is an activator of EMT, promoting
[149]
+
tumorigenesis
. Of the YFP -labelled cells in the
[144]
PKCY tumours, 42% underwent EMT . Interestingly,
EMT could be observed in PanINs before the onset
+
+
of tumour formation because YFP Zeb1 cells were
already present in 8- to 10-wk-old PKCY mice, when
no histological evidence of PDAC was present. At
the same stage, circulating pancreatic epithelial cells
+
(YFP cells) could be observed in the blood by flow
+
cytometry, and YFP cells had seeded to the liver
in some PanIN mice. Circulating pancreatic tumour
cells from both PanIN and PDAC mice maintained
a mesenchymal phenotype, as indicated by the
expression of Zeb1 and reduced expression of E-cad,
[144]
CK19, and EpCAM .

ECM deposition increases fluid pressure and impairs
drug delivery

The interstitial fluid pressure (IFP) in organs is typically
lower than or at the same level as the intravascular
pressure in terminal blood vessels, thereby allowing
the delivery and diffusion of solutes and fluid. High IFP
might explain the limited delivery of chemotherapeutic
[117,139]
drugs into cancer nodules
. In KPC mice, the
ECM compound hyaluronan was present in large
amounts in the juxtatumoral stroma and was also
[116]
deposited around early precursor lesions of PC
.
The IFP was significantly increased, and hyaluronan
contributed to the increase in IFP in PC tumours, as
indicated after implanting matrices with PC cells and
different concentrations of hyaluronan. Conversely,
the IFP was decreased after treatment with PEGPH20,
[116]
a hyaluronan-degrading enzyme
. The increase in
IFP was associated with vascular collapses, further
contributing to reduced tumour perfusion. PEGPH20
was able to restore functional perfusion of the collapsed
vascular structures. Overall, survival improved after the
treatment of tumour-bearing mice with a combination
[116,118]
of PEGPH20 and gemcitabine
. Importantly,
increased drug delivery to the tumour cells does not
necessarily guarantee an increased drug response.
When gemcitabine was administered to KPC mice in
combination with 3,4,5,6-tetrahydrouridine (THU),
an inhibitor of the gemcitabine-inactivating properties
of cytidine deaminase, a significantly increased
concentration of the active gemcitabine metabolite
[140]
was observed in both plasma and tumour biopsies .
Surprisingly, higher concentrations of active gemcitabine
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Is EMT associated with the initiation of a stem cell
program?

Conversely, conditioned media from PSCs resulted in
only a small increase in activin expression in PC cells.
However, conditioned media from PSCs resulted in
increased invasiveness of CSCs through nodal/activin
[160]
signalling
. It was proposed that PSCs might form
a niche for CSCs, promoting invasiveness and selfrenewal through nodal/activin signalling.
In 3D indirect co-cultures with different human
PC cell lines, PSCs enhanced the CSC phenotype, as
indicated by increased sphere formation and CSC
[95]
markers . In this model, each sphere was believed
to derive from one single cell. In a xenograft model,
human PC cells were transplanted into mice alone or
with human PSCs, inducing CD24 and CD326 (EpCAM).
The stemness-promoting effect of PSCs was in part
attributed to TGFβ signalling because TGFβ neutralizing
antibodies inhibited CSC sphere formation ability and
[95]
downregulated EMT markers .
Macrophages might also potentiate CSC features
[161]
in PC
. When human sphere-derived CSC-enriched
PC cells were injected into nude mice, tumour growth
accelerated when co-injected with macrophages. In
subsequent co-culture studies in trans-wells, microarray
analyses showed upregulation of human cationic
antimicrobial protein 18 (hCAP-18) and its cleavage
product leucine leucine-37 (LL-37) in macrophages.
The expression of hCAP-18/LL-37 in human PDAC
was increased compared to the normal pancreas.
Serial staining showed that hCAP-18/LL-37 was mainly
+
expressed in CD68 macrophages. When CRAMP
(the murine homologue of hCAP-18/LL-37)-knockout
bone marrow mononuclear cells were transplanted
into irradiated KPC mice, tumour formation was less
pronounced than in bone marrow cells from wild[161]
type mice
. Further, when CSCs were transplanted
into wild-type or CRAMP-knockdown mice, tumour
formation and CD133 expression were significantly
reduced. Chemoresistance in CSCs increased following
rLL-37 treatment, in addition to gemcitabine or
+
abraxane, and increased CD133 cells were observed.
Exposure of M1 macrophages to CSC-conditioned media
increased polarization towards the M2 phenotype and
upregulation of LL37. This effect could be abolished by
[161]
blocking nodal/activin/TGF-β1 signalling
. Inhibition
of the LL37 receptors FPR2 and P2X7R reduced the
ability of LL37 treated sphere-derived PDAC cells to
+
form colonies and to invade in vitro, and CD133 cells
were reduced in number, suggesting that LL37 inhibition
could have therapeutic potential. In KPC mice, LL37
receptor inhibitors resulted in decreases in circulating
[161]
tumour cell numbers and liver metastases .

The presence and function of specialized tumourinitiating cells, the so-called cancer stem cells (CSCs),
[150]
have been controversial
. CSCs are defined as
malignant cells with stem cell properties, that is, the
ability to undergo self-renewal and the potential to
differentiate into all of the cell types corresponding
to the original tumour. It has been hypothesized that
[151,152]
EMT precedes the acquisition of stem cells traits
.
In PC, support for this hypothesis has been found in
[153-156]
several studies
. Immunohistochemical aldehyde
dehydrogenase (ALDH) expression was detected in
90 of 269 PC resection specimens and was related to
[153]
reduced overall survival
. ALDH-positive PC cells
were more tumorigenic than ALDH-negative cells in
vitro as well as when injected subcutaneously into the
[153]
flanks of athymic mice .
Well-described CSC markers in PC include CD24,
[157,158]
+
CD44, and CD133
. Human PC cells with a CD24 ,
+
+
CD44 , epithelial-specific antigen (ESA) phenotype
were 100 times more tumorigenic than CD24 , CD44 ,
ESA PC cells when subcutaneously injected into NOD/
[157]
+
SCID mice
. Similarly, 500 patient-derived CD133
pancreatic CSCs were capable of inducing orthotopic
6
tumours in athymic mice, whereas 10 CD133 tumour
[158]
cells did not form any tumours . The expression of
CD24, CD44, and CD133 relative to EMT was examined
[154]
in cell cultures, as well as PC resection specimens .
The expression of vimentin was correlated positively,
and E-cadherin was correlated negatively with the
expression of CD24, C44, and CD133, thus supporting
the theory that type 3 EMT might be correlated
[154]
with the initiation of a stem cell program in PC
.
Vimentin and urokinase-type plasminogen activator
receptor expression was correlated with CD24 and
[155]
CD44 expression in PC resection specimens . Given
the upregulation of mesenchymal markers in PC
cells, a functional role of CD133 in PC tumorigenesis
[156]
was suggested
. In vitro knockdown of CD133
with shRNA in the highly migratory human PC cell
high
line Capan1M9 (CD133 ) generated the cell line
shCD133M9, which showed reduced expression of
mesenchymal factors, such as slug, N-cadherin, and
fibronectin. Moreover, when injected orthotopically into
nude mice, shCD133M9 cells were less invasive and
[156]
produced fewer metastases .

relationship of the tumour microenvironment with
cancer stem cells

Nodal and activin are secreted proteins that belong to
the TGFβ superfamily, and they are strongly expressed
[159]
in pancreatic CSCs and PSCs
. Inhibition of the
nodal/activin pathway reversed CSC self-renewal and
[159]
tumorigenesis . In a later study, CSCs from human
PDAC xenografts were isolated by sphere formation
assay, and conditioned media from the cancer cells
[160]
promoted nodal and activin A expression in PSCs
.
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role of inflammatory cells in the
development and progression of
PC
The desmoplastic stroma in PDAC contains large
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numbers of inflammatory cells - mainly macrophages,
T cells, mast cells, and neutrophilic granulocytes
(Figure 4). Inflammatory cells play multiple opposing
roles in the progression of PDAC, and as a whole,
they represent a double-edged sword in the biology
of PC. Some inflammatory cells, particularly cytotoxic
+
CD8 T cells, act anti-carcinogenically by eliminating
[162]
PC cells
. Others, particularly M2 macrophages,
contribute to tumour progression by the synthesis of
angiogenic and proliferation-promoting cytokines and
[163,164]
chemokines
.
The evolving PC-related immune reaction was
G12D
[165]
characterized in Kras
mice . These mice express a
single mutant Kras allele in progenitor cells and develop
early PanIN lesions, followed by the progression through
all of the PanIN stages and finally invasive lesions that
metastasize. Morphologically, these lesions are similar
[16,165]
to their counterparts in the human pancreas
.
G12D
The pre-invasive PanIN lesions in Kras
mice were
accompanied by the upregulation of CD45-positive
[165]
leukocytes in the surrounding stroma . In the early
PanIN lesions, the immune response was dominated
by immunosuppressive cells, such as macrophages
+
+
(CD11b ), regulatory T cells (Tregs, Foxp3 ), and
+
myeloid-derived suppressor cells (MDSCs, Gr1 ,
+
CD11b ), but no effector T cell activity was observed,
+
+
and CD8 T cells were scarce. Increased CD8 T cells
[165]
were only found in a subset of advanced cancers
.
CD40 belongs to the superfamily of TNF receptors,
and it is expressed in a wide variety of cells, including
monocytes, macrophages, B cells, dendritic cells,
[166]
fibroblasts, endothelial cells, and epithelial cells
.
CD40 activation is involved in the development of a
[167]
T cell-dependent antitumour response
. In human
PDAC and GEMMs of PC, activation of CD40 by agonist
[167]
antibodies increased the effect of gemcitabine
,
mediated through CD40-activated macrophages
+
(F4/80 ) in the tumour stroma. In a subsequent phase
I study, CP-870,893, a monoclonal antibody specific for
the agonist CD40, was well tolerated in combination
with gemcitabine in patients with advanced PDAC, and
[168]
immune activation was observed (Table 1)
. This
promising finding calls for phase Ⅱ studies.

and neutrophils were associated with shorter survival,
and a high ratio of M1 macrophages to pan-macrophages
[170]
was associated with longer survival
. High levels
+
+
of CD4 T cells or CD8 T cells were associated with
+
longer survival, whereas a high ratio of Tregs (FOXP3
+
+
and CD4 ) to CD4 T cells was associated with shorter
survival. Infiltration of M2 phenotype macrophages
+
+
(CD163 and CD204 ) had a stronger correlation with
lymph node metastasis than pan-macrophages in
[171,172]
pancreatic cancer resections
. Similarly, a large
number of M2 macrophages was correlated with
increased lymphatic vessel density and poor prognosis.
Hence, M2 macrophages might indicate poor prognosis,
[171,172]
in part due to increased lymph node metastases
.
This connection could be partially explained by the
production of vascular endothelial growth factor (VEGF)-C
by macrophages, leading to an increase in the number of
[169,173,174]
peritumoral lymph vessels
.
Macrophage-stellate cell crosstalk plays an im
portant role in PC fibrogenesis. Lipopolysaccharide
(LPS)-activated macrophages induced ECM synthesis
in cultured rat and human PSCs through TGF-β
[175]
signalling
. Quiescent PSCs became activated
[176]
when co-cultured with macrophages
. Conversely,
macrophages increased their cytokine production in the
presence of PSCs. PSCs isolated from patients (normal
pancreas and PC) predominantly expressed Th2
cytokines (IL4 and IL13) and promoted macrophage
[177]
polarization towards M2 . Macrophages induced EMT
in PC cells in co-culture experiments of PC cells with M2
macrophages, through Toll-like receptor 4 (TLR4)/IL-10
[178]
signalling
. Modulation of macrophage polarization
from the immunosuppressive M2 phenotype to the
tumour-inhibiting M1 phenotype could represent a
novel strategy in the treatment of PC. Furthermore,
the expression of histidine-rich glycoprotein (HRG)
was increased in Panc02 mouse pancreatic tumour
cells when transduced with a lentiviral vector encoding
[179]
human HRG
. When implanted into WT mice,
+
HRG orthotopic Panc02 pancreatic tumours grew
slower and had fewer metastases, and these effects
were mediated through the induction of macrophage
[179]
polarization from M2 towards M1
. Macrophages
[180]
might induce gemcitabine resistance in PC
. In
an in vitro study in which PC cells were co-cultured
with macrophages, PC cell apoptosis and caspase-3
pathway activation were reduced during gemcitabine
treatment in the presence of macrophages. Further,
increased response to gemcitabine was observed in
-/CCR2 mice, characterized by reduced macrophage
infiltration and activation. Macrophages could induce
gemcitabine resistance in a paracrine manner
because they were associated with increased cytidine
[180]
deaminase in PC cells .

Macrophages

Immunohistochemistry of 137 PC resection specimens
revealed an increase in macrophage and mast cell
frequencies in the PC stroma compared to the normal
[169]
pancreas
. A systematic immunohistochemical
analysis of infiltrating immune cells in the PC stroma
[170]
was performed in 212 human resection specimens .
+
+
In 78% of the specimens, CD163 or CD204 M2
+
+
macrophages dominated over HLA-DR and CD68
M1 macrophages, in correlation with the infiltration
+
of neutrophils (CD66b ), and both were negatively
correlated with M1 macrophages. Univariate and
multivariate survival analyses demonstrated that high
+
levels of pan macrophages (CD68 ), M2 macrophages,
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Mast cells

Mast cells have mainly been assigned roles in allergy
and autoimmunity, but they might also play a role in
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PC biology. Mast cell infiltration has been observed
in PC, and their numbers are correlated with the
[169]
number of lymph node metastases
. Mast cells
are increased in human PC specimens compared
to the normal pancreas, and this increase is most
[181]
pronounced in advanced grade tumours . High mast
cell infiltration held unfavourable prognostic value
[181,182]
with reduced survival
. Mast cell distribution
has been examined in two main PC compartments:
the intratumoral compartment and peritumoral, nonneoplastic tissue. Each of these compartments was
[183]
further subdivided into central and border regions .
High mast cell counts in the intratumoral border zone
[183]
only were associated with worse overall survival .
In mast cell cultures, the addition of conditioned
media from PC cell cultures increased migratory mast
cell activity, and mast cell-conditioned media induced
[181]
PC cell proliferation and migration
. Using the
genetically engineered K-rasG12V mouse model, which
spontaneously develops chronic pancreatitis, PanINs,
and invasive PC, mast cell infiltration was found to
be an early event, occurring in chronic pancreatitis
w-sh/w-sh
and early PanINs. Injection of PC cells into Kit
mast cell-depleted mice reduced tumour growth and
increased survival. “Normal” tumour growth was
restored when bone marrow-derived cultured mast
[182]
cells were injected . When mast cells were incubated
with conditioned media from PC cells, PSCs, and ductal
epithelial cells, only the medium from PC cells induced
mast cell migration, and mast cell-conditioned media
[184]
increased PC cell and PSC proliferation . Additionally,
co-cultures of mast cells with either PC cells or PSCs
resulted in mast cell activation, and neutralization of
IL-13 and tryptase suppressed PSC activation. Further,
tumour-bearing mice treated with AMD3100, a CXCR4
antagonist that mediates mast cell migration, resulted
in a 50% decrease in tumour volume and increased
[184]
overall survival .
These findings illustrate the potential importance of
mast cells in PC progression and the possible benefit of
the future development of mast cell-targeted therapies
in PC. To date, however, such therapies do not play a
role in clinical practice. Moreover, it has been reported
in GEMMs in which mast cells were absent (Pdx1G12D/+
Cre
Flp; FSF-Kras
; Cpa3 mice) that the formation,
number, and stage of PanINs at 9 mo of age were
G12D/+
not different from Pdx1-Flp-FSF-Kras
controls,
which frequently showed mast cells; at 12 mo, PDAC
[185]
formation was observed in both groups .

Lymphocytes

+

When the TGF-β-expressing PC cell line PAN02 was
+
subcutaneously injected into C57BL/6 mice, CD4
+
CD25 Tregs in tumour-draining lymph nodes were
[187]
-/increased
. When Rag-1 mice lacking CD4 and
+
CD8 T cells were injected with CD4 CD25 cells from
normal mice, with or without a subsequent injection
of PAN02 cells, elevation of Foxp3 signals (a specific
marker for Tregs) was only observed in the tumourdraining lymph nodes of PAN02 challenged mice.
This outcome was inhibited by TGF-β neutralizing
antibodies, suggesting that PC cells promote the
[187]
upregulation of Tregs through TGF-β . Furthermore,
upregulation of addressins in intratumoral endothelial
cells might selectively recruit Tregs, and Treg
migration could be suppressed by selective addressin
[188]
antagonism .
Lymphocyte infiltration of distinct stromal PC
+
compartments varies: the frequencies of CD8 T cells,
+
+
+
FoxP3 regulatory T cells, CD20 B cells, and CD56
natural killer cells in the juxtatumoral compartments
were all very low compared to the frequencies in the
[189]
panstroma . In this tissue micro-array (TMA) study
of PC resection specimens and other pancreatobiliary
+
diseases, CD68 macrophages, in contrast, were
more frequent juxtatumorally. No significant variation
+
was observed in the distribution of CD4 T cells or
neutrophils. Patients with more extensive juxtatumoral
+
[189]
CD8 T cell infiltration had improved survival . PSCs,
through cytokine and chemokine signalling, were
+
shown to reduce the migration of CD8 T cells to the
juxtatumoral stromal compartment in PC, suggesting
an immunosuppressive role of PSCs in PC.
Luminex multiplex immunoassays were used to
examine the expression of cytokines and chemokines in
[190]
cultured PC-derived PSC lines . Compared to human
foetal primary pancreatic fibroblasts, PSCs expressed
high levels of the MDSC-promoting cytokines IL-6,
VEGF, macrophage colony-stimulating factor (M-CSF),
stromal cell-derived factor 1 (SDF-1), and monocyte
chemoattractant protein-1 (MCP-1). In agreement,
culture of peripheral blood mononuclear cells (PBMCs)
with PSC supernatant promoted MDSC differentiation,
which in turn reduced T cell proliferation. MDSCs
expressed CD11b and CD33 and inhibited tumour+
specific immune responses by suppressing CD8 T
[190]
cells .
As indicated in the above sections, the PC tumour
environment displays several immunosuppressive
properties, which makes immunotherapeutic ap
proaches challenging. Immune checkpoint therapy
is a promising strategy that targets the endogenous,
immunosuppressive regulatory pathways in T cells
described above. Promising results have been obtained,
for example, in the treatment of malignant melanoma,
and three immune checkpoint agents have been
approved for this disease by the United States Food and
[191]
Drug Administration
. Similar strategies are under
investigation for PC treatment, but so far have achieved

+

In PC, regulatory T cells (Tregs, CD4 and CD25 )
are increased in peripheral blood, as well as in the
[186]
tumour microenvironment
. Treg increment in
the stroma induces immune invasion in PC because
Tregs suppress the anticancer immune response
through inhibitory cytokines, such as IL-10 and TGF-β,
+
[186]
thereby influencing cytotoxic CD8 T cell activity
.
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[201]

only limited success, for example, in a phase Ⅱ trial of
the cytotoxic T lymphocyte antigen 4 (CTLA4)-blocking
[192]
antibody ipilimumab (Table 1)
. PC cells express
colony-stimulating factor 1 (CSF1), whereas the CSF1
receptor (CSF1R) is predominantly expressed in the
tumour stroma, and inhibition of CSF1R in a mouse
model of PDAC resulted in the depletion of tumourassociated macrophages, enhancement of cytotoxic T
[193]
cell infiltration, and reduced tumour progression
.
However, the effects of ipilimumab therapy in the
phase Ⅱ trial were rather limited, which could be
attributed to the synchronous induction of the T-cell
checkpoint molecules CTLA4 and programmed deathligand 1 (PDL1). When PDAC mice were treated with
a combination of CSF1R inhibitors and PDL1 receptor
or CTLA4 antagonists, stronger tumour regression was
observed when these drugs were used alone. Hence,
CSF1/CSF1R inhibition might have the potential to
improve the effects of checkpoint-based immunotherapy
[193]
in PC
. A phase Ⅰ trial examined the effect of the
PDL1-inhibiting antibody BMS-936559 in patients with
[194]
selected advanced cancers, including PDAC
. No
objective response in patients with pancreatic cancer
was observed compared to patients with ovarian cancer,
renal-cell cancer, melanoma, and non-small-cell lung
cancer.

reduced endothelial cell growth . Furthermore, CD31
was upregulated in primary tumours of BALB/c mice
co-injected with human PC cells and human PSCs
[94]
compared to mice injected with PC cells only . In
addition to PSCs, VEGF is predominantly expressed
in PC cells and endothelial cells, as well as in tumour[202,203]
associated macrophages
. VEGF is an important
[204]
unfavourable prognostic marker in PC . Multivariate
analyses have revealed a significant association
between high VEGF and PC recurrence, and it has been
suggested that VEGF-promoted metastasis might in
[202,205]
part be the cause of this early recurrence
.
TNP-470 is a synthetic analogue of the fungusderived bioactive agent fumagillin, which inhibits
[206]
endothelial cell proliferation
. TNP-470 significantly
reduced tumour size and spread in orthotopic xenograft
[207]
models of PC in mice . This early study indicated that
therapies targeting angiogenesis have potential in PC.
Administration of small doses of TNP-470 (30 mg/kg)
or gemcitabine (50 mg/kg) alone had no significant
effect, but a combination of these therapies reduced
tumour growth and metastases and improved median
[208]
survival . In a phase Ⅱ clinical trial, the recombinant,
humanized monoclonal VEGF antibody bevacizumab
was administered in combination with gemcitabine to
[209]
52 advanced-stage PC patients . A response rate of
21% and a median survival of 8.8 mo were observed,
which were considered superior to gemcitabine alone.
The following phase Ⅲ trial, using gemcitabine plus
bevacizumab compared to gemcitabine plus placebo
in 602 patients with advanced PC, unfortunately did
not show any significant efficacy of this regimen,
[210]
however (Table 1)
. Exploiting a similar strategy,
inhibition of VEGF receptors with axitinib in combination
with gemcitabine did not improve overall survival in a
[211]
phase Ⅲ trial in patients with advanced PDAC
. In
all, targeting VEGF signalling alone appears to be an
ineffective strategy in the treatment of PDAC.

ROLE OF ENDOTHELIAL CELLS AND
ANGIOGENESIS IN THE DEVELOPMENT
AND PROGRESSION OF PC
In PC, as in many other cancers, the need for oxygen
and nutrients increases during tumour growth, leading
to the synthesis of new blood vessels through the
proliferation of endothelial cells in the pre-existing
[195]
blood vessels, a process called angiogenesis
.
Simultaneously, proteolytic enzymes break down the
[196]
ECM . Despite this angiogenesis, direct intratumoral
measurement of oxygenation has revealed significant
[197]
intratumoral hypoxia in PC
. Hypoxic conditions
have also been described in the tumour stroma, as
evidenced by the upregulation of hypoxia-inducible
[198,199]
factors in CAFs
.
Angiogenesis in PC is regulated by a complex
interplay between different cell types in the tumour
stroma. Under hypoxic (0.75%-1% O2), compared to
normoxic (21% O2), conditions, cultured PSCs increased
their production of collagen Ⅰ and the proangiogenic
[200,201]
vascular endothelial growth factor (VEGF)
.
VEGF-synthesis in PSCs was also demonstrated
[200]
by immunofluorescence in PC specimens
. Con
ditioned media of hypoxia-cultured PSCs induced the
proliferation and migration of endothelial cells and
induced angiogenesis in vitro as well as in vivo in
[200]
mice
. The proliferation of endothelial cells in cell
cultures was increased by up to 47% after treatment
with PSC supernatant, whereas PC cell supernatant
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CLINICAL IMPLICATIONS OF
MODULATING THE PANCREATIC
CANCER STROMA
The median survival after the diagnosis of PC is only
[212]
8 mo
. Surgical resection offers the only hope
for significantly prolonged survival, but even after
surgery, the median survival is only 21 mo. Surgical
resection can only be offered to approximately 20% of
patients because the remaining patients present with
advanced disease at the time of diagnosis. The current
standard of care for PC patients is the nucleoside
[213]
analogue gemcitabine
. However, the survival
benefit of gemcitabine treatment is minimal, and
better therapeutic strategies are needed. FOLFIRINOX
was found to be associated with a survival advantage
compared to gemcitabine in a clinical trial of metastatic
[214]
PC . Pre-clinical studies have indicated that therapies
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targeting the pancreatic cancer stroma could offer hope
for better prognoses for PC patients, but so far, it has
not been possible to translate these promising results
[215,216]
to a clinical setting
. In Table 1, we summarize
important clinical trials describing drugs that target
components of the pancreatic cancer stroma.

7

8

CONCLUSION
PC is one of the most aggressive known cancer types,
and its management remains highly challenging.
Gemcitabine, the standard chemotherapeutic drug used
[213]
in PC, has only a limited effect on patient survival .
Therefore, new treatment strategies, targeting for
example the PC stroma, are highly warranted. Because
of the complex interplay of the central components
of the tumour stroma - cancer-associated fibroblasts
(CAFs), extracellular matrix, and inflammatory and
endothelial cells - it is often ineffective to use a treatment
strategy that blocks single isolated factors. Early studies
suggested that large numbers of peritumoral CAFs
[104]
indicated a poor prognosis in PC
, whereas more
recent data have indicated that the depletion of CAFs
[99,100]
promotes tumour aggressiveness
. The significance
of the desmoplastic stroma might be context-dependent
during PC progression. Stromal reprogramming, such
as the induction of quiescence in aPSCs/CAFs or the
antagonism of stromal growth factors, rather than
stromal depletion, could represent a more appropriate
treatment strategy in PC. Such strategies might be
effective only at certain stages of PC development and
progression, and they might have to be combined
with other approaches such as antiangiogenic or
immunotherapeutic approaches.
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Laparoscopic approach in gastrointestinal emergencies
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Abstract

Rosa M Jimenez Rodriguez, Mercedes Flores-Cortés,
Francisco López-Bernal, Cristobalina Martín, Verónica Pino
Diaz, Felipe Pareja Ciuro, Javier Padillo Ruiz, Department of
Surgery, Hospital Universitario Virgen del Rocío, 41013 Sevilla,
Spain

This review focuses on the laparoscopic approach
to gastrointestinal emergencies and its more recent
indications. Laparoscopic surgery has a specific
place in elective procedures, but that does not apply
in emergency situations. In specific emergencies,
there is a huge range of indications and different
techniques to apply, and not all of them are equally
settle. We consider that the most controversial points
in minimally invasive procedures are indications in
emergency situations due to technical difficulties.
Some pathologies, such as oesophageal emergencies,
obstruction due to colon cancer, abdominal hernias or
incarcerated postsurgical hernias, are nearly always
resolved by conventional surgery, that is, an open
approach due to limited intraabdominal cavity space or
due to the vulnerability of the bowel. These technical
problems have been solved in many diseases, such
as for perforated peptic ulcer or acute appendectomy
for which a laparoscopic approach has become a wellknown and globally supported procedure. On the other
hand, endoscopic procedures have acquired further
indications, relegating surgical solutions to a second
place; this happens in cholangitis or pancreatic abscess
drainage. This endoluminal approach avoids the
need for laparoscopic development in these diseases.
Nevertheless, new instruments and new technologies
could extend the laparoscopic approach to a broader
array of potentials procedures. There remains, however,
a long way to go.
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syndrome have also been described in the literature .
In any case, only an expert in laparoscopic surgery
can perform these techniques.

Core tip: Laparoscopic surgery represents a techno
logical revolution in the management of gastrointestinal
conditions. However, the use of this minimally invasive
technique has not yet been extended to emergency
situations. The most likely reason is the long learning
curve and the even longer operative time of emergency
laparoscopy compared to elective laparoscopy.

Perforated peptic ulcer

The therapeutic goal in the treatment of perforated
peptic ulcer is to repair the hole in the gastrointestinal
tract and to treat any peritoneal contamination.
Perforation is more common at the duodenal bulb (62%),
followed by the pyloric region (20%) and the gastric
[9,10]
body (18%)
.
The feasibility and safety of laparoscopic closure of
perforated ulcers has already been reported in several
large series. There are numerous potential benefits
associated with this minimally invasive technique. La
paroscopic simple patch closure of the perforation can
be accomplished relatively easily and seems to be an
[11,12]
effective treatment
.
The three most common reasons for conversion
are: large perforation size (often > 10 mm), inadequate
ulcer localization and difficulties placing reliable sutures
[13-17]
due to friable edges
.
In the Cochrane review, we observed a tendency
for laparoscopic repair to present with a lower incidence
of septic intra-abdominal complications, surgical site
infection, postoperative ileus, pulmonary complications
and mortality than open surgery. The time of nasogastric
aspiration and time to oral diet were reported in a nonparametric format, and the between-group differences
were not statistically significant. With regard to cost
and outcomes, there were no differences between
[18]
laparoscopy and an open technique .
Nevertheless, the results of this systematic review
must be interpreted carefully because of the small size
of the examined samples.
In selected patients, the initial outcomes of
laparoscopic repair of perforated peptic ulcers seem
promising and allow for an early recovery. This is
particularly important in the case of elderly and/or
immunocompromised patients. Technical aspects and
patient selection criteria continue to evolve in this
[19-21]
respect
.
A case report has described single-port laparoscopic
repair as a feasible and safe procedure that may be
a less invasive and scarless surgical treatment for
[22-24]
perforated duodenal ulcers
.
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INTRODUCTION
Laparoscopic surgery offers multiple advantages
for patients, including faster recovery and better
cosmetic outcomes than conventional open surgery.
Consequently, the laparoscopic approach is now
widely used all over the world. However, the use of
this minimally invasive technique is not as pervasive
in emergency settings. The aim of the present study,
therefore, is to determine the current status of
laparoscopic surgery in gastrointestinal emergencies.

Laparoscopic approach in upper
gastrointestinal emergencies
Laparoscopic surgery in gastric and oesophageal lifethreatening conditions has proved a feasible and safe
technique, but several conditions must be considered.

Oesophageal perforation

The most common cause of oesophageal perforation
is iatrogenic, which is related to oesophageal instru
mentation. Recent advances in endoscopic and minimally
invasive techniques (endoluminal stents, endoscopic
intraluminal clipping, use of various sealant substances,
etc.) have resulted in lower rates of reoperation, open
surgical interventions, oesophagostomies, morbidity and
[1,2]
mortality, in comparison to conventional surgery .
[3]
According to Ben-David et al , a laparoscopic
approach is feasible in the event of: (1) Uncontained
leak into the chest: treatment may include oesopha
geal stent plus laparoscopic or thoracoscopic drainage and
laparoscopic feeding jejunostomy; (2) Uncontained
leak into the abdomen < 24 h: treatment may include
minimally invasive repair, a gastric wrap and jejuno
stomy; and (3) Uncontained leak into the abdomen >
24 h: treatment may include a stent plus laparoscopic
drainage and feeding jejunostomy.
Laparoscopic treatment for perforations secondary
to pneumatic dilation for achalasia and Boerhaave
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LAPAROSCOPIC APPROACH IN
HEPATOBILIARY EMERGENCIES
Acute cholecystitis

Acute cholecystitis (AC) is the leading cause of
infection of the biliary tree, which affects 20%-30% of
patients with biliary colic and is the third most common
cause of acute abdomen in emergency departments.
The treatment of AC has varied in recent years.
Although the laparoscopic approach has meant a
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Table 1 Treatment for acute cholecystitis depending on
severity grading

Table 2 Recommended treatment for acute cholangitis by
severity

Grade

Grade

Grade Ⅰ

Grade Ⅱ

Grade Ⅲ

Management

Grade Ⅰ

Early laparoscopic cholecystectomy is the treatment of
choice. Conservative treatment is indicated for high-risk
patients
Laparoscopic cholecystectomy carried out by expert
surgeons is preferred. In cases of severe inflammation,
the most adequate treatment is emergency laparoscopic
cholecystectomy or cholecystostomy
The treatment of choice consists of adequate organ
support together with medical management and biliary
drainage or emergency cholecystectomy. In the event
of choleperitoneum after gallbladder perforation,
emergency laparoscopic cholecystectomy is the
treatment of choice

Grade Ⅱ

Grade Ⅲ

revolution in the treatment of biliary diseases, it was
th
not until the last decade of the 20 century that
laparoscopic cholecystectomy became the treatment
of choice for the management of gallbladder lesions as
[25,26]
well as the treatment of choice for AC
.
Decision-making regarding surgical timing has
[25-27]
been a controversial subject
. Currently, early
laparoscopic cholecystectomy (within the first 72 h) is
considered to be a safe and effective procedure which
reduces recovery time and hospital stays relative to
[25,28]
deferred laparoscopic cholecystectomy
.
The duration of disease evolution has been associated
with a higher incidence of conversion. Therefore, most
studies recommend that laparoscopic cholecystectomy
[25,27,29]
be conducted within the first 24 h
. The indications
for laparoscopic cholecystectomy after such a period,
however, remain controversial. Several revision studies
and meta-analyses have shown that laparoscopic
surgery during the first week of disease evolution does
not increase the incidence of complications or conversion
in comparison to deferred surgery. However, sanitary
costs are reduced and quality-adjusted life year is
[25,30-32]
increased
.
The updated Tokyo guidelines present new stan
dards for the management of AC, such as the choice of
[24]
treatment depending on severity grading (Table 1).

the severity grading (Table 2).

Choledocolithiasis

There are many options for the treatment of choledo
colithiasis, but few studies have provided convincing
evidence for the superiority of one method over
[34]
another .
An open approach is restricted to institutions where
an endoscopic approach and minimally invasive surgery
are unavailable or to certain patients whose previous
open surgery limits the application of endoscopic
[34]
techniques (i.e., Roux-en-Y) .
Concomitant laparoscopic cholecystectomy with
common bile duct exploration has been indicated by
expert laparoscopic surgeons. However, the steep
learning curve, necessity of a T-tube and the lack of
advantages shown in recent studies have hindered the
[34]
spread of this approach .
The most commonly accepted approach combines
laparoscopic cholecystectomy with ERCP. No consensus
currently exists on the timing of intervention, and
different options are proposed in the literature.
These include ERCP first followed by laparoscopic
cholecystectomy, laparoscopic cholecystectomy first
followed by ERCP and even a one-stage procedure
combining ERCP with laparoscopic cholecystectomy.
None of the options has proved superior to the others,
so the timing of ERCP will depend on expertise and
[34]
resources .

Acute cholangitis

Acute cholangitis (ac) is caused by an obstruction
of the biliary tree, which leads to an increase in
intraductal pressure which eventually results in rapid
bacteremia and sepsis. The obstruction can result from
[27]
lithiasis, stenoses or the presence of tumoural cells .
ac has elevated mortality rates ranging from 11% to
27% and are usually associated with a delay in the
[33]
diagnosis and initiation of appropriate treatment .
Most patients (70%) show a favourable initial
response to medical treatment. When there is no
response to medication, urgent endoscopic decom
pression of the bile ducts is indicated.
The recommended treatment for ac depends on
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Management
Initial medical management suffices in a majority
of patients. Patients who do not respond to initial
treatment undergo endoscopic, percutaneous or surgical
drainage of bile ducts[28]
After initiating medical treatment, patients undergo
endoscopic, percutaneous or surgical T-tube drainage to
avoid a deterioration of their condition
Management entails organ supportive treatment
together with urgent drainage of bile ducts. Once
the patient is stable, endoscopic drainage must be
performed. Percutaneous transhepatic cholangiography
is indicated when the papilla is inaccessible and as a
third-line approach when drainage is not possible or is
contraindicated

Hepatic abscess

Hepatic abscesses have a reported mortality of 6 to
[34,35]
14% depending on the series
.
Initial management requires early initiation of
intravenous antibiotic therapy. Percutaneous aspiration
is the most common approach, having an 85%-95%
success rate and low morbidity and mortality. Predictive
factors for aspiration include age ≥ 55 years, an
abscess size ≥ 5 cm, involvement of both lobes of
[36]
the liver and a symptom duration ≥ 7 d . Surgical
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drainage is indicated for abscesses of biliary origin,
intraabdominal collections secondary to surgery or in
cases where percutaneous aspiration is contraindicated
or expected to fail due to the presence of multiloculated
abscess, biliary communication, elevated urea,
[35,37]
creatinine and total bilirubin levels
. In these cases,
laparoscopic surgery may be an effective alternative to
conventional open surgery, but further studies must be
conducted to support this assumption.

However, this approach has been associated with high
mortality rates (11%-39%) and an elevated incidence
of complications (34%-95%). Therefore, in recent
years, minimally invasive techniques have increasingly
been chosen, such as percutaneous drainage, endo
scopic transluminal drainage and minimally invasive
[43]
necrosectomy .
The step-up approach, which consists of initial
percutaneous or endoscopic drainage and continues
with minimally invasive necrosectomy, if necessary, has
bene shown to reduce morbidity, mortality and com
[44-46]
plications when compared with open necrosectomy
.
Two minimally invasive techniques have become
generally accepted as treatment options: minimal access
[9]
retroperitoneal pancreatic necrosectomy (MARPN) and
[47]
video-assisted retroperitoneal debridement (VARD) .
VARD consists of drainage and debridement by
means of a subcostal incision of 5 cm made in the left
flank. A videoscope is then introduced into the incision
using a single extra-long laparoscopic port. The cavity is
inflated with CO2 gas to facilitate laparoscopic work and
videoscopic inspection. VARD is described as fairly easy
to implement, and the technique can be used in most
[48]
cases of infected necrotizing pancreatitis . Several
prospective studies of this technique have reported
positive morbidity and mortality outcomes. However,
VARD has not been directly compared with open
necrosectomy; rather, it is only a part of the step-up
[49]
approach . A shortcoming of this technique is that it
may require several repeated procedures to completely
remove the necrotic tissue. In addition, serious
complications are possible, such as retroperitoneal
[50]
bleeding .
Different laparoscopic debridement and necro
sectomy techniques have been described for the
management of acute pancreatitis as follows:

Laparoscopic approach in
pancreatic emergencies
Pancreatitis and its complications

Pancreatic disorders requiring an urgent surgical
approach, with the exception of pancreatic trauma
managed as abdominal trauma, are in practice
limited to cases of acute pancreatitis, its aetiology
and complications. Index admission laparoscopic
cholecystectomy is indicated for patients with mild
[38,39]
pancreatitis
.
The Atlanta classification for acute pancreatitis
describes two clinical forms of the disease: interstitial
edematous pancreatitis and necrotizing pancreatitis.
Through their progression, both forms may present with
local complications, such as peripancreatic collections,
pseudocysts, acute necrotic collections, organized
pancreatic necrotic collections, infected necrotizing
pancreatitis, gastroduodenal obstruction, portal vein
thrombosis, colonic ischaemia, bleeding, pancreatic
[40]
duct rupture or visceral artery pseudoaneurysm .
Approximately 20% of patients present with necrotizing
pancreatitis, while 30% of them develop a secondary
[41]
infection with a mortality rate of approximately 39% .
The management of acute pancreatitis is mainly
medical. Patients with severe symptoms are monitored
in Intensive Care Units and may require invasive
surgery, especially in cases of complicated necrotizing
[42]
pancreatitis . The evidence-based guidelines for the
management of acute pancreatitis published in 2013
by the International Association of Pancreatology
and the American Pancreatic Association recommend
intervention (radiological, endoscopic or surgical) in
cases of necrotizing pancreatitis with clinical suspicion
of, or documented evidence for, infected necrotizing
pancreatitis with clinical deterioration, preferably
when the necrosis is encapsulated (> 4 wk of onset
of symptoms). In the absence of documented
infected necrotizing pancreatitis, these interventions
are recommended in cases of ongoing organ failure,
preferably when the necrosis is encapsulated or leads
to gastrointestinal obstruction (4-8 wk after onset
of symptoms). The best recommended approach is
percutaneous retroperitoneal catheter or endoscopic
transluminal drainage followed, if necessary, by
[38]
endoscopic or surgical necrosectomy .
For years, open necrosectomy has been the
mainstay treatment option for acute pancreatitis.
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Laparoscopic cystogastrostomy

This procedure consists of debridement and drainage
of necrotic tissue, creating a fistula between the cystic
cavity and the stomach using laparoscopic techniques.
Laparoscopic cystogastrostomy may be endoluminal,
intragastric or transgastric. In the endoluminal
approach, 2-3 trocars are inserted into the abdominal
and gastric walls. A balloon is then inserted into the
stomach, inflated and secured against the abdominal
wall. Cystogastrostomy is then performed using the
ultrasonic dissector or electrocautery. The intragastric
procedure is performed to open the anterior abdominal
wall to expose the gastric wall in close contact with the
necrotic cavity. The cystogastrostomy is first secured
using endoscopic staplers, followed by drainage of the
necrotic tissue from the cavity. Recent studies have
claimed that these techniques reduce morbidity and
mortality rates associated with open necrosectomy and
consider them safe and effective techniques in selected
[51,52]
patients
. Moreover, these techniques allow for the
management of larger and more solid collections in a
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one-step intervention while also making it possible to
[43]
treat cholelithiasis in the same procedure .

gold standard in treating adhesive SBO. Currently,
laparoscopy has been adopted as a first-line option in
many elective indications, and it is also emerging as a
[58-61]
feasible alternative to treat this condition
.
Open surgery remains the first option for the
surgical treatment of strangulated ASBO after failed
conservative treatment. Nevertheless, in selected
groups of patients, laparoscopy can be a safe and
effective approach using an open access technique
[58,59]
through the left upper quadrant
.
Laparoscopic adhesiolysis should preferably be
attempted in patients with a first episode of ASBO
and/or a single adhesive band. A low threshold for
open conversion should be maintained, as we may
expect complications associated with the use of this
[59]
technique . In fact, age and a prior history of laparo
tomy seem to be predictive factors of the occurrence
[60]
of inadvertent enterotomy . No statistically significant
differences have been observed between open and
laparoscopic adhesiolysis with regard to the incidence
of intraoperative bowel injuries, wound infections and
[61]
overall mortality .
[61]
Li et al reported statistically significant differences
between a laparoscopic and open surgery group, with
fewer overall complications (OR = 0.42, 0.25-0.70, p
< 0.01), as well as a lower incidence of prolonged ileus
(OR = 0.28, 0.10-0.73, p = 0.01) in the laparoscopic
group. According to the authors, the laparoscopic
approach is safer than the open procedure, provided
that it is carried out by experienced surgeons and in
selected patients.
Moreover, laparoscopy in animal models has
shown a lower incidence, extent and severity of intraabdominal adhesions when compared with open
surgery, and it may reduce the recurrence of adhesive
[62]
small bowel obstruction . Laparoscopy seems to
offer an advantage over laparotomy in terms of the
formation of adhesions in the abdominal wall and in
[63,64]
the operative site
.
Laparoscopic adhesiolysis for small bowel obstruc
[65,66]
tion has a number of potential advantages
, such
as improved visualization of the entire abdominal
cavity, diagnostic laparoscopy, less postoperative pain,
earlier recovery of gastrointestinal function, shorter
hospital stay, a faster recovery time, earlier return to
full activity, decreased wound complications and lower
incidence of postoperative adhesion formation.
Other less common causes of ASBO have been
[67]
[68]
reported, such as intussusception , GISTs
and
bezoars. Laparoscopy has been used to treat all
of them with favourable outcomes. However, only
case reports are available, and further studies are
necessary to provide greater evidence and adequate
recommendations.
In the case of small bowel obstruction due to incar
cerated inguinal hernia, laparoscopic surgery, including
TEP or TAPP repair, may be used to treat incarcerated
[58]
or strangulated inguinal hernias .
While no known studies have examined laparoscopy

Laparoscopic transperitoneal necrosectomy

The laparoscopic transperitoneal approach via differ
ent pathways (transgastrocolic, transmesocolic and
infracolic) has been described for the treatment of
[53,54]
acute necrotizing pancreatitis
. Parehk described a
hand-assisted laparoscopic surgical approach for the
treatment of pancreatic necrosis. Utilizing three ports,
he reaches the lesser sac via an infracolic approach or
through the greater omentum between the stomach
and the colon. All the necrotic areas are carefully
debrided, and once this step is completed, drains are
[55]
placed in the lesser sac for drainage .
The advantage of these approaches is that they
enable access to the lesser sac and ease the use
of additional techniques such as cholecystectomy.
However, we must consider such drawbacks as
the necessity of pneumoperitoneum in critically-ill
patients, the risk of infection dissemination through
the peritoneal cavity and the risk of injuries during the
[56]
intervention .

Retroperitoneal laparoscopic debridement
[57]

Tu et al
described retroperitoneal laparoscopic
debridement and drainage of infected necrosis in
severe acute pancreatitis via both flanks, depending
on the localization of the necrosis and/or collections.
Once a saline injection is used to expand the retro
peritoneal space, four ports are inserted and CO2
retropneumoperitoneum is created. Once the necrotic
tissue is debrided, two or three drains are left inside
the cavity. The authors have published a series of 18
patients who underwent this technique and compared
the outcomes with another series of 32 patients who
had laparoscopic necrosectomy. The authors concluded
that retroperitoneal laparoscopic debridement is a
feasible, safe and effective technique for the treatment
of infected necrosis.
It is possible to conclude that the step-up approach,
consisting of drainage followed, if necessary, by
minimally invasive techniques shows lower morbidity
and mortality rates than open surgery, and as such,
should be the only surgical approach considered.
However, no first-rate evidence exists to favour one
minimally invasive technique over another.

Laparoscopic approach in smallbowel emergencies
Acute small-bowel obstruction

Small-bowel obstruction (SBO) is a common surgical
emergency frequently caused by postoperative
adhesions. In a large number of cases, adhesive
SBO resolves with nonoperative treatment, but an
important group of patients requires emergency
surgery. For decades, open surgery has been the
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[75,76]

of masses

Table 3 Selection criteria for a laparoscopic approach to
incarcerated hernias

Acute mesenteric ischaemia

There are no reports in the literature underlining any
benefits or advantages of laparoscopy in the diagnosis
or treatment of acute mesenteric ischaemia relative to
[58]
classic imaging techniques . However, laparoscopy
may have a role as a “second-look procedure” in patients
who have already had surgery for acute mesenteric
ischaemia, as it allows for minimally invasive explo
[58,75]
ration
.

Criteria for a laparoscopic approach to treatment of an incarcerated
ventral hernia[58]:
Absence of marked abdominal distension
Absence of peritonitis
Absence of clinical signs of intestinal ischaemia
Absence of high septic risk situations
Absence of major defects with loss of domain
Absence of haemodynamic instability and severe comorbidity
Morbid obesity, old age and debilitation are not considered
contraindications to the procedure

Laparoscopic approach in
colorectal emergencies

with open surgery in adult patients undergoing em
[69]
ergency hernia repair, Watson et al
demonstrated
that laparoscopic hernia repair is a feasible option for
the treatment of incarcerated hernias.
[70]
Deeba et al , in their review of the literature
on this subject, found 328 cases reported, including
6 conversions, 34 complications (25 of which were
considered minor), and 17 bowel resections, performed
either laparoscopically or through a mini-laparotomy
incision guided by laparoscopy. They concluded that the
laparoscopic approach, either TEP or TAPP, is a feasible
procedure for repairing incarcerated hernias, providing
adequate anatomical knowledge and expertise to
dissect and reduce the sac with favourable outcomes.
However, further studies should be conducted, with a
particular emphasis on larger multicentre randomized
controlled trials.

Since the first laparoscopic colectomy was described in
1991, its use has been extended from the treatment
of benign and inflammatory disease to the treatment
of colorectal cancer. Laparoscopic colectomy offers the
same advantages of other laparoscopic procedures:
shorter hospital stay, less postoperative pain and
[77-79]
earlier return to full activity
.
Whereas elective colorectal laparoscopic surgery is
a well-established procedure, the use of this technique
[80,81]
in emergency colorectal settings remains unclear
.
At present, emergency colorectal laparoscopy is
frequently used to treat acute appendicitis or else as a
diagnostic technique to identify the origin of abdominal
pain, especially in the right iliac fossa. The reason
to avoid the use of laparoscopy for the treatment of
emergency colorectal disease is the complexity of
the condition which distorts the normal anatomy due
to inflammation or tissue infection. Likewise, colon
distension has traditionally posed a contraindication
for laparoscopy preventing the use of this approach in
[80,81]
colorectal emergencies
.

Incarcerated ventral hernias

In 2010, an Italian Consensus Conference attended
by the main National Scientific Societies underlined
that the incidences of intra- and postoperative
complications and recurrences in emergency surgery
[58]
were the same as in elective cases . Therefore, the
laparoscopic approach to incarcerated ventral hernias
might be performed in patients, according to a series
of selection criteria (Table 3).
With regard to the operative procedure, the use of
atraumatic graspers is essential, adhesiolysis should
be proper and careful, and the contents of the defect
should always be thoroughly tested for blood supply,
motility and integrity. In the event of an enterotomy,
[58]
the defect can be repaired by means of laparoscopy .

Acute appendicitis

Acute appendicitis is probably the colorectal disease
most frequently managed by means of laparoscopy in
emergency settings.
The duration of surgery is greater in laparoscopic
appendectomy but it shows less complications,
earlier return to normal activity and greater patient’s
[82,83]
satisfaction
. In pediatric patients, the laparoscopic
approach is associated with shorter hospital stay and
a lower incidence of postoperative complications,
[82,83]
especially in the case of perforated appendicitis
.
[84]
Southgate et al confirm the same outcomes in adult
patients (> 60 years) and observe lower postoperative
morbidity and mortality rates and shorter hospital stay.
With the growing adoption and standardization of
laparoscopic technique, minimally invasive approaches
have also been developed, such as the use of pro
cedures leaving less scars, single-port appendectomy
and transgastric appendectomy. All of them are feasible
techniques which have not been equally accepted by all
[85,86]
surgeons
due to the greater technical complexity

Meckel’s diverticulum

The treatment of symptomatic Meckel’s diverticulum is
resection. Although more than 75% of resections are
[71]
still open procedures , laparoscopic diverticulectomy
[72]
is as safe and effective an approach as open surgery ,
and it can reduce the time to oral intake and patient
[73,74]
discharge
. The lack of sensory feedback can be
overcome using a trans-umbilical approach, which
offers the cosmetic and postoperative advantages of
laparoscopy but also allows surgeons to touch the
specimen and confirm entire resection and the absence
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or the higher costs; the latter being also reported
of laparoscopic appendectomy in comparison with
[87]
conventional open technique .

the technical difficulties provoked by the dilation and
[95]
vulnerability of intestinal loops in emergency settings .
With the introduction of endoluminal stents, laparo
scopy became a feasible approach in left-sided colonic
cancer by means of the so-called deferred surgery.
However, several studies aiming at demonstrating the
usefulness of stenting as a bridge to surgery were
[96,97]
cancelled due to the negative outcomes
.
[98]
Odermatt et al
in a prospective observational
study showed that emergency laparoscopic colonic
resection is a safe and feasible procedure with shortand long-term outcomes very similar to those obtained
by means of open surgery and with lower hospital
stays. Most of the patients included in the study
presented with right-sided colonic cancer and only 8%
required conversion to open surgery, which suggests
that many of the patients who underwent open surgery
might have been managed by means of laparoscopy.
However, although these authors report the resection
of stage 4 tumors by means of laparoscopy, they
confirm the complexity of the procedure in these
settings and defend the use of palpation for accurate
[98]
tumor assessment .

Inflammatory bowel disease

Patients with inflammatory bowel disease have a
higher risk of requiring surgery at some point of their
lives. The laparoscopic approach for the treatment of
this condition has increased in recent years. In case of
complications associated with bowel obstruction and
free perforations into the peritoneal cavity, a minimally
invasive approach has demonstrated shorter hospital
[88-91]
stays but longer operative time
.
[88]
Nash et al
have compared 22 patients with
ulcerative colitis requiring emergency surgery and have
divided them into two groups: open and laparoscopic
approach. They described a longer operative time in
the laparoscopic group. Watanabe et al. described
also a shorter recovery period for patients undergoing
[88,89]
minimally invasive surgery
.
Nevertheless, in the absence of prospective
[90]
comparative studies, authors like Qazi et al
and
[91]
Bell et al
have also confirmed an increase of post
operative comorbidities, which may be the result of the
immunosuppression provoked by the administration of
immunosuppressants and/ or corticoids.

CONCLUSION
Although laparoscopic surgery has been adopted as
a gold standard in the treatment of gastrointestinal
diseases by means of such approaches as cholecy
stectomy or colectomy, its presence in emergency
settings has to be reaffirmed.

Acute diverticulitis

The laparoscopic approach for the treatment of
acute diverticulitis has proved to be a feasible and
safe technique with variable complication rates
that may range from 0% to 54%. The use of this
technique depends on the severity of diverticulitis.
Most reports have described its effectiveness in the
treatment of Hinchey stage Ⅲ diverticulitis (purulent
peritonitis without colonic perforation). The rate of
stoma formation in these cases is very low as most
patients underwent lavage and drainage of abdominal
cavity without colonic resection. In these patients,
laparoscopic colectomy shows a higher incidence of
complications than laparoscopic peritoneal lavage.
Moreover, ageing patients, immunosuppressed patients
or those with systemic comorbidities have a higher risk
of reintervention after laparoscopic lavage.
Some authors have described the use of laparoscopic
surgery for the treatment of diverticulitis and have
reported promising outcomes with low complication
rates, no deaths and GI recovery rates reaching 90%.
Conversion rate was minimal and operative time was
not longer than in elective sigmoidectomy. Nevertheless,
most patients included in the study presented with
[92-94]
Hinchey stageⅠ or Ⅱ diverticulitis
.
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REVIEW

Calcium-sensing receptor: A new target for therapy of
diarrhea
Sam Xianjun Cheng
Oral rehydration solution (ORS), a passive rehydrating
therapy developed approximately 40 years ago, remains
the mainstay treatment. Although ORS is effective
for hydration, since it does not inhibit enterotoxinmediated excessive secretion, reduced absorption
and compromised barrier function - the primary
mechanisms of diarrhea, ORS does not offer a rapid
relief of diarrhea symptom. There are a few alternative
therapies available, yet the use of these drugs is limited
by their expense, lack of availability and/or safety
concerns. Novel anti-diarrheal therapeutic approaches,
particularly those simple affordable therapies, are
needed. This article explores intestinal calciumsensing receptor (CaSR), a newly uncovered target for
therapy of diarrhea. Unlike others, targeting this host
antidiarrheal receptor system appears “all-inclusive”:
it is anti-secretory, pro-absorptive, anti-motility, and
anti-inflammatory. Thus, activating CaSR reverses
changes of both secretory and inflammatory diarrheas.
Considering its unique property of using simple
nutrients such as calcium, polyamines, and certain
amino acids/oligopeptides as activators, it is possible
that through targeting of CaSR with a combination of
specific nutrients, novel oral rehydrating solutions that
are inexpensive and practical to use in all countries
may be developed.
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Core tip: Diarrheal disease remains a leading cause
of death in children and the elderly throughout the
world. The cause of death is dehydration secondary
to severe diarrhea. Intestinal calcium-sensing receptor
(CaSR) is a newly uncovered ancient antidiarrheal

Abstract
Management of acute diarrhea remains a global
challenge, particularly in resource-limiting countries.
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Success and failure of ORS

receptor system that appears to exert profound
effects not only on intestinal secretion, absorption and
motility but also on gut permeability and inflammatory
responses. Activating this unusual machinery reverses
pathophysiological changes of both secretory and
inflammatory diarrheas. Considering its unique property
of using simple nutrients as activators, it is now
possible that through targeting of CaSR and developing
novel oral rehydrating solutions that are inexpensive
and practical to use in all countries, these diarrheaassociated deaths are reduced or eliminated.

Oral rehydration solution (ORS) is currently the only
oral therapy that is recommended for children with
acute diarrhea. A mixture of simple salts and glucose
in specific proportions, ORS was developed in 1968
by researchers from US government-funded institutes
in Calcutta and Dhaka. This therapy is a result of the
+
basic science discoveries that show that sodium (Na )
transport and glucose transport are coupled in the
intestine so that glucose accelerates fluid absorption.
What leads to the proposal and forms the physiological
basis for efficacy of ORS in treating diarrhea-associ
ated dehydration is the discovery that the glucose
+
stimulated Na absorption is a cAMP-independent
process, which means it remains intact without
being inhibited in diarrhea (cholera) while most other
absorptive processes are shut down by enterotoxins
[7]
(e.g., cholera toxin) . Initially, ORS was used as a
treatment for cholera. Later, it was found that this
solution is efficacious to correcting dehydration by
other forms of acute diarrhea, both in adults and in
children. Because of the simplicity, inexpensiveness
and availability, ORS was rapidly spread worldwide
and was used by over 90% of the population who
need it. Since it was effective in reducing the morbidity
and mortality of acute diarrhea, it was established as
the mainstay of therapy for dehydration, especially in
developing countries where hundreds and thousands
of patients were affected by large-volume diarrhea and
IV hydration was not always available. For this reason,
the invention of ORS is considered one of the most
th
important medical advancements in the 20 Century.
Since its inception, it has saved a minimum of one
million lives a year.
Although it is valuable for hydration, ORS neither
suppresses intestinal fluid secretion or overly active
enteric nerve activity that occurs in secretory diarrhea,
nor does it reduce gut permeability or inflammation
that are the primary contributors of inflammatory
diarrhea. Consequently, ORS does not decrease diar
rhea over the short term. It may even paradoxically
[8,9]
make diarrhea worse as the patient is rehydrated .
Because of this perceived failure, caregivers have
become reluctant to continue to use ORS but resort to
antimicrobial or other agents for treating diarrhea. It
is estimated that ORS is currently used by parents and
[10]
practitioners in only one third of cases that need it .
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THERE IS NEED FOR NEW TREATMENTS
FOR ACUTE DIARRHEA
Problem

Despite advances and improvements in health care
over the past century, diarrheal diseases continue
to exert a staggering health burden worldwide,
[1-3]
particularly in children and the elderly . Globally,
there are nearly 1.7 billion cases per year of diarrheal
disease in children under 5 years old. Although this
number is slightly declining compared to 1.9 billion
[4]
cases per year 20 years ago , it remains a huge
challenge. In some developing countries, children may
be plagued with 12 or more episodes (a median of 6
episodes) of diarrhea per year by the time they reach
5 years old. In the United States, the costs spent
on diarrhea outpatient visits and hospitalizations in
between 1993-1996 were $1.2 and 2.2 billion/year,
[5]
respectively ; these costs increased to $3.5 and $4.6
[6]
billion/year in between 2001-2006 . Adding the costs
of ED visits of $1.8 billion/year, the total estimated
expense for diarrhea management was nearly $10
billion/year, excluding indirect costs from parents and
[6]
deaths .
Also, diarrheal disease is the second leading cause
[1-3]
of child death
. According to the World Health
Organization (WHO), 9%-34% of childhood mortality
[1-3]
in developing countries is due to diarrheal diseases .
Worldwide, approximately 1.5 million people including
620000 children under 5 years old and 320000 adults
[3]
over 70 years old die each year from diarrhea .
Importantly, the majority of these deaths do not result
from infection, the most common cause of diarrhea;
instead, they are due to associated dehydration,
acidosis and other metabolic derangements. These
latter are very preventable and treatable. Thus,
new methods that effectively reduce the fluid and
electrolyte losses from acute diarrhea would offer
a major opportunity for improving human health
globally.
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Alternative antidiarrheal therapies

In addition to ORS, there are a few alternative antidiarrheal therapies in use (Table 1). Based upon their
mechanisms of action, these therapies are classified
into four types, namely, proabsorptive, antisecretory,
antimotility, and anti-inflammatory (Table 1). These
four types of therapies target changes in four
corresponding host diarrhea-forming mechanisms
seen in four types of diarrhea (Figure 1).
Normally, fluid moves across and along the intestine;
both processes contribute to diarrhea formation when
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Table 1 Current antidiarrheal therapies and their mechanisms of action
Therapies
Proabsorptive
ORS/RS-ORS
Antisecretory
Crofelemer
Cholestyramine resin
Bismuth subsalicylate
Antimotility/ENS modulatory
Loperamide/Diphenoxylate
Hyoscyamine/Dicyclomine
Alosetron
Racecadotril
Clonidine
Anti-inflammatory
TEN
Corticosteroids
Anti-TNFa

Mechanisms of action

Comments

Ref.

↑glucose/SCFA absorption

Limited efficacy to reduce diarrhea

[98-100]

↓CFTR and CaCC→↓ secretion
↓bile salt in lumen→↓secretion
↓PG synthesis→↓secretion

Less efficacious as anticipated
Concerns for vitamin malabsorption
Safety concerns in children (Reye syndrome)

[15]
[101]
[102,103]

↑m opioid receptor →↓motility
↓Ach action→↓muscle contraction
↓5-HT3R →↓motility and secretion
↑encephalin→↓secretion
↑a2 adrenoceptor→↑absorption

Safety concerns in children (ileus)
Safety concerns in children (seizure)
Safety concerns in children (ischemic colitis)
Not widely available
No efficacy and safety study in children

[13,14]

Unknown mechanism of action
Immunosuppression (↓PGs, ↑IL-10)
↓blood and tissue TNFa

Slow action
Concerns for adverse effects
Limited by expenses and adverse effects

[104]
[105,106]

[107]

ACh: Acetylcholine; CaCC: Ca2+ activated chloride channels; CFTR: Cystic fibrosis transmembrane conductance regulator; ORS: Oral rehydration solution;
PG: Prostaglandins; RS-ORS: Resistant starch-based oral rehydration solution; SCFA: Short-chain fatty acids; VIP: Vasoactive intestinal polypeptide; TEN:
Total enteral nutrition.
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Figure 1 Illustrates the four common pathways leading to formation of diarrhea. The four pathways are: A: Impaired absorption (cause of osmotic diarrhea); B:
Excessive secretion (leading to secretory diarrhea); C: Breakdown of intestinal barrier and enhanced inflammation (implicated in inflammatory diarrhea); D: Overly
active enteric nervous system (presumed cause of neurogenic diarrhea seen in irritable bowel syndrome). Note that while most current antidiarrheal therapeutics
(green-colored) target one individual pathway, CaSR activators (red-colored) have the potential of correcting changes in all the four diarrhea-causing pathways. CaCC:
Calcium-activated chloride channel; CaSR: Calcium-sensing receptor; CFTR: Cystic fibrosis transmembrane conductance regulator; CTX: Cholera toxin; ORS: Oral
rehydration solution; PDE: Phosphodiesterase; PG: Prostaglandin; SCFA: Short-chain fatty acid; STa: Heat stable toxin; VIP: Vasoactive intestinal peptide.
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Use of antibiotics: While anti-microbial therapy
is useful in some cases (e.g., dysentery), selection
for appropriate antibiotics requires lab detection of
the organisms, which is often unavailable. Misuse
or abuse of antibiotics can lead to development of
resistance, and antibiotics are contraindicated in
certain enteric infections (e.g., salmonella). Due to
their delayed onset of action, antibiotics do not prevent
immediate dehydration; in fact, it is generally not the
enteric infections but the dehydration and electrolyte
imbalance that cause most of the diarrhea-associated
morbidity and deaths.
In addition to diarrhea-related dehydration, repeated
diarrheal episodes in children often cause malnutrition,
which in turn leads to more severe and more frequent
diarrhea. This diarrhea-malnutrition-diarrhea cycle
causes almost half of the deaths associated with
diarrheal diseases in children under five. Except for
TEN (total enteral nutrition), none of the current
diarrhea therapies, including the proabsorptive ORS,
the antisecretory, the antiinflammatory and the
antimotility therapies, have the notable capacity to
break this vicious cycle. Therefore, novel anti-diarrheal
therapies, particularly those simple nutrient-based
“child-friendly” therapeutic approaches are needed.

they are disturbed. While these are inter-connected and
not separated processes, the fluid movement across the
intestine (absorption or secretion) is driven by active
+
epithelium transport of electrolytes, mainly Na , Cl and
HCO3 , and solutes, mainly glucose in the small intestine
and short-chain fatty acids (SCFA) in the large intestine
(Figure 1), and the fluid moving along the intestine
(anterograde or retrograde) is governed by gut motility.
Enteric nervous system (ENS), the brain of the gut,
controls both processes, with absorption/secretion being
primarily controlled by the submucosal Meissner’s plexus
whereas motility by the myenteric Auerbach’s plexus.
Diarrhea results when excessive secretion, impaired
absorption and/or overly active motility/ENS activity
occur. All these changes have been described in secretory
diarrheas, exemplified in Vibro cholera, enterotoxigenic
Escherichia coli, and rotavirus infections.
A fourth mechanism that leads to formation of
diarrhea is compromised intestinal barrier function,
a mechanism commonly seen in inflammatory diar
rheas (e.g., Shigella, Salmonella, Campylobacter,
enteroinvasive and enterohemorrhagic Escherichia
coli infections as well as inflammatory bowel disease).
Situated between adjacent intestinal epithelial cells of
the mucosa is the apical junctional complex, i.e., the
tight junction (Figure 1) and the adherens junction.
These intercellular structures along with the layer
of epithelium composing the intestinal mucosa act
as a barrier separating the luminal contents from
the submucosal compartment, which is home to gut
immune system. Breaching of this barrier function may
result in excessive exposure of submucosal immune
system to luminal microbes and foreign antigens,
leading to intestinal inflammation. Thus, in addition
to the aforementioned mechanisms, breakdown of
intestinal barrier is a primary mechanism that causes
inflammatory diarrheas. Detailed description of the
diarrhea-forming mechanisms can be found in a recent
[11]
review by Thiagarajah et al .
While alternative anti-diarrheal therapies, described
in Table 1, are helpful for symptomatic treatment of
diarrhea, the use of these drugs is limited by their
expense, lack of availability, toxicities, and other safety
concerns, particularly in pediatric age patients (Table
1). For example, the use of antimotility agents in
[12-14]
children should be considered with caution
. These
agents are generally not recommended for any child
at any age when acute infectious diarrhea or colitis
is suspected as there are reports, albeit rare, of toxic
megacolon associated with the use of these agents.
Antimotility agents are suspected, though not proven,
to increase the risk of hemolytic-uretic syndrome in
children with Escherichia coli O157:H7 infection. Many
of the proabsorptive/antisecretory drugs lack pediatric
studies determining efficacy and safety (e.g., clonidine)
or optimal dosing for children (e.g., racecadotril). Also,
some of the newly developed antisecretory drugs
(e.g., crefelemer) are not as efficacious as originally
[15]
anticipated .
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UNDERSTANDING OF THE
PHYSIOLOGICAL ROLES FOR CASR IN
GASTROINTESTINAL BIOLOGY MAY
LEAD TO THE DEVELOPMENT OF NOVEL
COST-EFFECTIVE THERAPIES FOR
TREATING DIARRHEA
[16]

Extracellular CaSR
is a well-conserved ancient
G protein-coupled cell surface receptor (GPCR) of
[16]
class C, originally cloned from bovine parathyroid
and subsequently found to be expressed in diverse
[17]
[18]
[19,20]
tissues in mammalian , birds , amphibians
,
[21,22]
and marine species
. As the name implies, CaSR
is a key regulator of tissue responses for calcium
[16]
homeostasis . Later, it was found that CaSR also
[23,24]
plays a crucial role for fluid balance
and osmotic
[21]
regulation . The primary physiological ligand for
2+
CaSR is extracellular ionized calcium (Ca o), providing
2+
a mechanism for Ca o to function as a first messenger.
Importantly, CaSR also functions as a general sensor
of the extracellular milieu due to allosteric modification
2+
of Ca o affinity and efficacy by polyamines, L-amino
[25]
acids, oligo-peptides, pH and ionic strength .
In marine species, CaSR is expressed in the intestine
[21]
and tissues that are critical for water preservation .
[21]
There, it acts as a calcium/osmo/salinity-sensor ,
helping fish preserve water from loss to their
hyperosmotic surroundings and protect against calcium
[26]
overload from high calcium sea water .
CaSR is also highly expressed in the mammalian
[27-30]
gut, including the transporting epithelial cells
, the
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[27,31]

fluid/motility-modulating enteric nerves
, and the
[32,33]
cells that regulate gut inflammation
. Over the
past several years, studies have shown that the water
preserving, or anti-dehydrating function, of CaSR is
conserved along with its calcium homeostatic function
[28,29,31,34-36]
in terrestrial animals
. These data strongly
support the notion that targeting of CaSR may be
a new approach for the development of novel antidiarrheal therapies.

on movement of anions across the luminal plasma
membrane through anion channels such as cystic
fibrosis transmembrane conductance regulator chloride
channels (CFTR), and mice deficient in CFTR lack a
[48]
secretory response to cholera toxin . Secretagogueinduced increases in cellular accumulation of cAMP
and cGMP enhance PKA and PKG phosphorylation
processes, respectively, which drives translocation
of activated CFTR channels to the luminal plasma
[37]
membrane . Because CaSR agonists reduce cyclic
nucleotide accumulation, activation of CaSR would
reverse increased apical anion channel activity
induced by secretagogues. Indeed, by measuring
short circuit current responses to pharmacological
inhibitors of anion channels in the apical membrane
of colonic mucosa mounted in Ussing chambers, it
has been shown that the cyclic nucleotide-dependent
NPPB/glibenclamide-sensitive apical anion channel
[49]
activity is inhibited by activation of CaSR , although
it remains unknown whether it is directly inhibited by
CaSR or indirectly via the reversal of changes in cyclic
nucleotide by the activation of the receptor.

Activation of intestinal CaSR reverses changes in
epithelial transport in diarrhea

Increased anion secretion and decreased salt absor
ption are two major abnormalities found in electrolyte
handling by the intestine during diarrhea, particularly
[37,38]
in secretory diarrhea
. CaSR is expressed in both
absorbing surface cells and secreting crypts of the
intestine, suggesting critical roles in regulating intestinal
absorption and secretion. In enteric epithelial cells, CaSR
has been identified on both the apical and basolateral
[29,39]
[27,29]
membranes of human
and rat colonocytes
.
Receptors in both membrane domains of these
polarized epithelia are functionally active and can be
2+ [28,29]
[40,41]
activated by Ca o
, amino acids and peptides
,
[28,29]
polyamines
and the specific pharmacological CaSR
[34]
agonist (also called calcimimetic) R568 .

CaSR agonists inhibit basolateral anion entry
pathway mediated by NKCC1: Equally critical
for transepithelial anion (Cl ) transport during
secretagogue-stimulated fluid secretion is increased
Cl entry into cells from the basolateral fluid via the
+
+
bumetanide-sensitive Na -K -2Cl cotransporter
[37]
(NKCC1; ref ). Mice lacking NKCC1 exhibit impaired
[50]
secretory responses to cAMP and STa . Using
perfused colonic crypt model and by measuring Cl sensitive MQAE fluorescence, it has been shown that
basolateral addition of bumetanide abolishes forskolin
stimulated basolateral Cl entry into colonic crypt
cells consistent with bumetanide inhibition of cAMP
[34]
activated NKCC1 . Addition of R568 to the basolateral
fluid also significantly reduces the rate of forskolin[34]
stimulated Cl entry . A similar inhibition of Cl entry
via NKCC1 is seen in the presence of cholera toxin with
[34]
increasing extracellular calcium , demonstrating that
activation of the CaSR inhibits NKCC1 activity.

CaSR agonists inhibit anion secretion

In rat colonic crypts, CaSR activation from either
mucosal or serosal side by extracellular calcium,
[28,29,34]
spermine or R568 inhibits net fluid secretion
[34]
and cyclic nucleotide accumulation
induced by
synthetic/natural secretagogues. These secretagogues
[42]
[43]
include forskolin
and guanylin , which generate
cAMP and cGMP, respectively. CaSR activation also
[34]
blocks the effects of bacterial enterotoxins
such
[44]
as cholera toxin , a potent activator of membrane
bound adenylyl cyclase leading to elevated intracellular
[45]
levels of cAMP, and STa , which enhances cytosolic
cGMP accumulation through the guanylyl cyclase C-type
guanylin receptor. Similarly, activation of CaSR by
2+
extracellular Ca or R568 inhibits net fluid secretion
induced by cholera toxin and guanylin in colon mucosa
of wild type mice; such effects are abolished in CaSR
[34]
null mice . Pharmacological inhibitor studies show
that these CaSR anti-secretory effects depends on
2+
receptor-mediated increases in intracellular Ca
and require the presence of phosphodiesterase
[34]
(PDE)
suggesting that CaSR activation may reverse
secretagogue-stimulated fluid secretion through a
signaling pathway that activates phospholipase C (PLC)
and degrades cyclic nucleotides by PDE.

CaSR agonists inhibit secretagogue-induced
HCO3 secretion: In addition to Cl secretion, HCO3
secretion is markedly increased in cholera and other
[51,52]
secretagogue-induced diarrheal diseases
. This
3
enhanced intestinal HCO secretion can result in not
only fluid loss and dehydration but also HCO3 deficit
[51,52]
and metabolic acidosis
, another most common
cause (additional to dehydration and systemic vo
lume depletion) of the morbidity and mortality asso
ciated with these clinical conditions. To assess if
CaSR activation inhibits secretagogue-induced HCO3
secretion as it does for the secretagogue-induced Cl
secretion, CaSR effect was examined in a tissue model
(colonic mucosa) of secretagogue-induced secretory

CaSR agonists inhibit apical anion channel
activity: Fluid secretion is driven primarily by
[37,46,47]
transepithelial anion secretion
(Figure 1). Anion
secretion into the lumen of colonic crypts depends
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[34]

diarrhea. In this study, forskolin was used as a
secretagogue to stimulate HCO3 secretion, and HCO3
secretory response was monitored by measuring HCO3
secretory rate (JHCO3) and by recording Isc. Forskolin
stimulated both JHCO3 and Isc in colon mucosa of rats,
wild type mice, and CaSR null mice; subsequent
addition of R568 to either luminal or basolateral fluid
decreased forskolin-induced HCO3 secretion in colon
mucosa of rats and wild type mice but not in colon
[49]
mucosa of CaSR null mice . The results indicate that
targeting of CaSR may be useful in arresting not only
intestinal Cl but also HCO3 losses associated with
diarrheal diseases.

were examined . NHE activity was found significantly
2+
increased by raising basolateral bath Ca from 0.1 to
2+
2 mmol/L, and addition of R568 to the 2 mmol/L Ca containing bath had resulted in a further increase in
[34]
NHE activity .
-

CaSR agonists enhance absorption

Secretory diarrhea results not only from enhanced fluid
[37,38]
secretion, but also from reduced fluid absorption
(Figure 1). CaSR is expressed in absorbing villus/surface
cells, suggesting critical roles in regulating intestinal
absorption. To address this, colonic mucosa epithelia
[34]
from rat and mice were isolated and used as models .
Since both absorption and secretion can occur in the
same epithelial cells, to minimize interference from
secretion, tissues were first treated with basolateral
bumetanide to block secretion before absorption was
studied. In the absence of secretagogues, addition
of bumetanide to the basolateral fluid of perfused
net
crypts slightly increased the absorptive JV due to
inhibition of a small remaining fluid secretion. This
basal fluid secretion is likely due to the low levels of cell
cyclic nucleotides that remain even in the absence of
secretagogues. Thus, in the presence of bumetanide,
net
JV measurements represent the absorptive component
of fluid transport. This absorptive fluid movement was
substantially reduced by addition of cAMP or forskolin,
which would importantly contribute to secretagogueinduced diarrhea. Either increasing extracellular
calcium and/or addition of R568 to the basolateral bath
significantly abrogated the cAMP-mediated reduction in
fluid absorption, demonstrating that activation of CaSR
is able to reverse the reduced absorption caused in
secretagogue-induced diarrhea.

CaSR agonists stimulate apical SCFA/HCO3exchange: SCFA are the major anion or solute in stool.
SCFA is produced in colon by bacteria fermentation of
unabsorbed carbohydrates. SCFA absorption stimulates
+
Na , Cl and water absorption and this occurs via a
+
+
process involving apical membrane Na /H , Cl /HCO3
[53,54]
and SCFA/HCO3 exchanges
. Thus, SCFA production
and absorption represents another major mechanism
in the colon to conserve fluid and electrolytes, and is
target for some modified forms of ORS (e.g., resistant
starch-based ORS). To examine if activating CaSR
affects absorption of this physiologically and clini
cally important solute in the colon, SCFA absorption
mediated by SCFA/HCO3 exchange has recently been
studied by measuring lumen isobutyrate-dependent
HCO3 secretion using the same Ussing chamber-pH
stat technique mentioned above, and its responses to
[49]
absence or presence of R568 compared . Similar to
+
+
the R568 effects on Na /H and Cl /HCO3 exchanges,
isobyturate-dependent HCO 3 secretion is found
significantly stimulated by R568 in colons of rats and
[49]
wild type mice but not CaSR null mice .
Although the effects on these transporters can be
explained by reversal changes in second messengers,
as increases in cAMP/cGMP-dependent PKA/PKG
activity are associated with phosphorylation, and
thereby stimulation, of these transporters in transport
epithelia (Figure 1), the stimulation of CaSR also
appears to directly affect their function. Besides
+
the aforementioned transporters, apical Na and
+
+
K channels as well as basolateral K channels and
+
+
Na , K -ATPase (Figure 1) also play critical roles in
epithelial absorption and secretion. For example, in

CaSR agonists stimulate apical NHE activity:
A major component of fluid absorption in the colon
+
+
(and small intestine) is mediated by parallel Na /H
[37,38]
(sodium-hydrogen exchanger, NHE)
and Cl /
[56,57]
HCO3 exchange
located at the apical plasma
+
membranes. Cyclic nucleotides reduce this Na dependent fluid absorption in ileum and colon by
inhibiting NHE activity and Cl /HCO3 exchange (Figure
[11]
1; also ref ), and this event contributes importantly
to severity of fluid and electrolyte losses in secretory
[11,37,38]
diarrheas
. To examine whether CaSR agonists
reverse the cyclic nucleotide diminished NHE activity,
2+
+
the effects of Ca or R568 on Na -dependent proton
extrusion from colonocytes in the presence of forskolin

WJG|www.wjgnet.com

-

CaSR agonists stimulate apical Cl /HCO3 ex
change: To address whether CaSR regulates Cl /HCO3
exchange, colonic mucosa were isolated, mounted
into Ussing chamber and perfused, and Cl absorption
mediated by Cl /HCO3 exchange was then recorded by
measuring lumen Cl -dependent HCO3 secretion using
[49]
pH stat technique . The latter technique measures
the amount of acid delivered per unit time per surface
area to neutralize the secreted HCO3 in order to
maintain a constant lumen pH. A luminal Cl -dependent
DIDS-sensitive HCO3 secretory mechanism (Cl /HCO3
exchange) was observed in colon mucosa of rats and
mice. Activation of CaSR by R568 stimulated Cl /HCO3
exchange activity in colons of rats and wild type mice;
[49]
such an effect was abolished in CaSR null mice ,
suggesting that activation of CaSR also stimulates Cl /
HCO3 exchange.
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-

+

Cl secreting epithelia, the basolateral K channels
+
facilitate basolateral Cl entry (via cycling back the K
for NKCC1) as well as apical Cl exit (by maintaining a
favorable transepithelial electrical gradient) whereas
+
+
+
the Na , K -ATPase pumps the Na entered by
NKCC1 out of the cell. Whether CaSR also affects
these transporters activity and function remains to be
determined.

addition of R568 to the basolateral bath abolishes the
secretagogue-stimulated TTX-sensitive Isc.
Second set of experiments are performed to test
diarrhea “prevention” effect of CaSR agonist. In these
experiments, R568 is added prior to the secretagogue
stimulation. R568 pretreatment reduces both basal
and stimulated secretion. Thus, CaSR agonist may
be useful not only for diarrhea treatment but also for
diarrhea prevention.

ACTIVATION OF INTESTINAL CASR
REDUCES OVERLY ACTIVE ENTERIC
NERVE ACTIVITY AND MOTILITY

CaSR agonists inhibit motility

In humans and rodents, at least 50% of the fluid
secreted in cholera, rotavirus, and other forms of
infectious diarrhea are caused and mediated by
[38,55-58]
activation of the enteric nervous system (ENS)
.
For example, cholera toxin-induced fluid secretion/
[38,55]
diarrhea is blocked by tetrodotoxin (TTX)
, an
[38,55]
inhibitor of neurotransmission
. Rotavirus-induced
[57, 59]
diarrhea is blocked by lidocaine
, an inhibitor of
+
voltage-gated Na channels in the ENS. This ENSevoked secretion is also found to contribute to diarrhea
[60]
formation in patients with irritable bowel syndrome ,
[61]
inflammatory bowel disease , and intestinal allergies.
On this basis, a dual-pathway model for fluid secretion
in intestine is proposed: (1) a non-neuronal fluid
secretory response due to the binding of enterotoxins
directly to enterocytes, leading to generation of cyclic
nucleotides, which is TTX/lidocaine-insensitive; and
(2) a neuronal secretory response that is mediated
by stimulation of the ENS, which is TTX/lidocainesensitive. The antidiarrheal CaSR is expressed in both
non-neuronal and neuronal tissues, and recent studies
have suggested that CaSR agonists also appear to
produce their antidiarrheal effects in two ways: (1)
direct inhibition of epithelium-mediated diarrheal
responses, which is TTX/lidocaine-insensitive (see
previous section); and (2) indirectly via inhibiting the
ENS, which is TTX/lidocaine-sensitive (see below).

CaSR agonists inhibit ENS-mediated secretion

ACTIVATION OF INTESTINAL CASR
SUPPRESSES GUT INFLAMMATION

By measuring TTX-sensitive short-circuit current (Isc)
responses of intact ENS-containing colon segments
in Ussing chambers, it has been shown that ENS[31]
mediated secretion is abolished by R568 . First set of
experiments are performed to test diarrhea “treatment”
effect of CaSR agonist. In these experiments, forskolin
or cholera toxin is added to stimulate secretion before
R568 is added. TTX-sensitive Isc is employed as a
measure of ENS-mediated anion secretion. Consistent
with active regulation of secretion by the ENS, a
significant proportion of Isc in the proximal and distal
colon is inhibited by serosal TTX, both at basal and
under cAMP (forskolin or cholera toxin)-stimulated
conditions. TTX-sensitive Isc is substantially increased
by addition of forskolin or cholera toxin; subsequent
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[27,31]

CaSR is present in the ENS
, not only in the
submucosal Meissner’s plexus that mainly controls fluid
secretion by the epithelium, but also in the myenteric
Auerbach’s plexus that is thought to primarily control
the gut motility. Thus, CaSR may have important roles
in gastrointestinal motility and constipation. Indeed,
calcium, the primary ligand of CaSR, is well-known
for its constipation-causing effects in humans. People
taking high calcium diets are often constipated as
are patients with hypercalcemia. Chronic opiate use
inhibits the motility of the gastrointestinal tract; opiate
withdrawal reverses the inhibited motility, causing
diarrhea. In mice, co-administration of calcium and
magnesium effectively blocks the signs of morphine
[62]
withdrawal . Polyamines, another class of agonists
for CaSR, are also shown to have a profound impact
[63,64]
on the motility
and are effective in slow down of
the gastrointestinal transit in several rodent models
[65-67]
of diarrhea-dominant irritable bowel syndrome
.
Using LoxP and Nestin-Cre conditional gene targeting
technology, mice lacking the neuronal CaSR in ENS
are generated. We are now characterizing these mice.
By comparing fecal pellet output rates, it appears
that mice deficient in the neuronal CaSR have
enhanced colonic propulsive activity, as evidenced by
significantly faster bowel movements than their wildtype littermates (unpublished observation). Also useful
of these mice is to determine how much of the effects
of calcium and polyamines are mediated through
activation of CaSR.

Depending on the presence or absence of inflammation,
diarrhea can be pathologically grouped into inflammatory
(as observed in enterocolitis caused by Salmonella and
Shigella, as well as inflammatory bowel diseases) and
non-inflammatory (e.g., osmotic as seen in lactose
intolerance; secretory as seen in cholera, travelers’
diarrhea, and rotavirus). The CaSR is also expressed in
inflammatory cells, as well as other cells that regulate
[32,33]
inflammatory diarrhea
, suggesting a potential
protective role in this setting. Indeed, by characterizing
the gut-specific CaSR knockout mice, it has been
shown that this highly conserved, nutrient-sensing
mechanism also plays a critical role in maintaining
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intestinal barrier function integrity and reducing
[35]
gut permeability
- central to the pathogenesis of
inflammatory diarrhea.

molecule expressed in gut epithelial and other cells
that contributes to the preservation of intestinal
epithelial cell integrity, and maintenance of immune
homeostasis in the gut, the disruption of which
results in intestinal inflammation. Consistent with
this, dietary supplementation with calcium, spermine
and tryptophan, activators of CaSR, delay the onset,
reduce the severity, and accelerate recovery of
[73]
animals with DSS colitis , whereas inhibition of the
receptor by depletion of dietary calcium enhances gut
[74]
inflammation in animal models of induced colitis ,
even if a recent study suggests a different role for the
CaSR in murine bone marrow-derived macrophages/
[75]
monocytes .

CaSR regulates claudin-2 expression and intestinal
barrier function integrity

Mice lacking intestinal CaSR have a decreased colonic
expression of tight junction molecules (e.g., claudin-2)
and diminished intestinal barrier function, with the
transepithelial electrical resistance reduced and the
permeability to FITC-dextran increased, the results
that are consistent with CaSR regulation of tight
[68]
junction assembly in cultured MDCK cells . Moreover,
microflora composition in CaSR null mice is altered;
abundance of beneficial flora (e.g., Lactobacilli and
Clostridia) is reduced and of harmful phylum (e.g.,
Deferribacteres) increased.

EFFECTS OF CaSR-/- MICE
While based on observations made from isolated
perfused crypts and intestinal tissues in Ussing
chambers CaSR certainly seems to have an array of
effects on many intestinal aspects leading to diarrhea,
it should be noted that so far there has been no report
of any associating mutations or SNPs in CaSR for
diarrheal conditions. This may suggest redundancy
with other pathways. Given these limitations and
the fact that studying these effects in isolation can
be artificial, it is critical that future studies should be
directed in the organismal and systemic levels using
whole animals and mice lacking CaSR in order to
better define the effects of under and over activation
of this gene.
Currently, there are three types of CaSR null
mouse models that are available: single global,
double global, and intestine-specific. Since deletion
of the CaSR gene results in early death from the
toxic effects of unregulated release of parathyroid
hormone (PTH) from parathyroid chief cells as well
as from the pathological effects of the consequent
[76]
hypercalcemia , double knockouts with simultaneous
-/-/ablation of additional PTH gene (as in CaSR PTH
[77]
double knockout mice ) or gene that regulates PTH
-/-/(e.g., Gcm2 as in CaSR Gcm2 double knockout
[78]
mice ) are generated that “rescue” the lethal CaSRdeficient phenotype. Also available are intestinal[79]
specific CaSR knockouts in the floxed mice .
[72]
Preliminary studies in global
and intestinal[35]
specific CaSR knockout mice
have shown deve
lopment of spontaneous intestinal inflammation and
-/exaggerated immune responses in these CaSR
animals (see above sections for details). So far, no
study has ever provided evidence of developing
diarrhea in these animals. Given the redundancy of
mechanisms/pathways implicated in regulation of
diarrhea formation as well as the global nature and
multiple confounding factors involved in double CaSR
knockout mice, the use of these global CaSR knockout
animals may be difficult to discern the intestinal fluid
changes that are attributed to intestinal CaSR. For
2+
example, besides being a Ca -regulating hormone,

CaSR regulates Reg3b and Reg3g expression and
bacterial translocation and dissemination

Importantly, mice lacking CaSR have significantly
decreased epithelial expression of Reg3b and Reg3g,
which encode secreted C-type lectins that bind and
protect against translocation and dissemination of
[69]
[70,71]
Gram-negative
and Gram-positive bacteria
,
respectively. As a consequence, more bacteria are
found to translocate and disseminate into peripheral
organs of CaSR null mice compared to CaSR wild
type mice, and immune responses (e.g., CD11b+
dendritic cell, Th1 and Th17 responses) are activated
and are skewed to pro-inflammatory, both locally and
[35]
systemically .

CaSR regulates Wnt5a-Ror2-TNFR1 expression

The colon is an organ in a constant state of
inflammation. The latter is largely controlled by the
integrity of intestinal barrier function. In addition to
its direct action on intestinal barrier shown in 3.1,
CaSR can produce its effect indirectly via epithelial
[72]
receptors for inflammatory mediators , such as
TNFR1, a known modulator of barrier function.
MacLeod has compared wild type and “global” CaSR
knockout mice and found that TNFR1 signaling is
[72]
inhibited by CaSR . This occurs by two distinct
mechanisms: CaSR increases secretion of wnt5a from
subepithelial myofibroblasts, which interacts with Ror2,
an orphan tyrosine kinase and receptor for Wnt5a
in epithelial cells and leads to a decrease in TNFR1
expression. CaSR also inhibits secretion of TNFα from
macrophages, thereby interrupting TNFR1 signaling.

CaSR regulates intestinal inflammation

Because of the aforementioned anti-inflammatory
properties of intestinal CaSR, mice lacking intestinal
CaSR are found to have more severe spontaneous
and induced colitis compared to their littermate
[35,72]
counterparts
.
These studies demonstrate that CaSR is a key
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Table 2 Clinical evidence for dietary calcium-sensing receptor activators as antidiarrheals in animals and humans
CaSR agonists
Calcium

Calcium and magnesium
Polyamines

Tryptophan

1

Antidiarrheal efficacy

Ref.

↑intestinal resistance, ↓bacterial colonization and translocation to Salmonella infection in rats
↓intestinal permeability in rats
↓diarrhea severity in Salmonella enterocolitis in rats
↓diarrhea onset, ↓severity, ↑ recovery in DSS colitis in rodents
↓gut permeability and diarrhea in immune-mediated colitis in HLA-B27 transgenic rats
↓induced intestinal inflammation in mice
↓stool volume and duration of diarrheas by viruses or parasites in humans (children)
↓stool weight and duration of diarrhea by ETEC in humans (adults)
↓diarrhea frequency in patients with calcitonin-secreting medullary thyroid cancer
↓intestinal motility and diarrhea symptoms of morphine withdrawal in mice
↓intestinal motility in mice
↓gastrointestinal transit and diarrhea of irritable bowel syndrome in mice
↓DSS colitis in rodents
↓intestinal inflammation in mice
↓DSS colitis in rodents

[81-84]
[108]
[82]
[73,74]
[85]
[35,72]
[36]
[87]
[88]
[62]
[63,64]
[65-67]
[73]
[109]
[73]

1

The naturally occurring calcium-sensing receptor (CaSR) activators described are all friendly minerals or nutrients and generally safe. Except for
chemically synthesized polyamines, no adverse events other than mild GI discomforts (e.g., constipation[36,88], flatulence[88] and bloating[88]) were reported.
DSS: Dextran sodium sulfate; ETEC: Enterotoxigenic Escherichia coli.

cAMP-stimulating PTH also activates CFTR-mediated
[80]
anion secretion in intestinal epithelial cells . Thus,
-/-/-/-/both CaSR PTH and CaSR Gcm2 double mice
deficient in both cAMP-stimulating PTH and cAMPinactivating CaSR may not be developing diarrhea.
Additionally, in order to sustain their systemic serum
calcium these animals are normally maintained in high
calcium diet, which may well generate constipation via
CaSR independent mechanisms. Accordingly, use of
conditional CaSR knockout mice for characterization of
intestinal fluid movement would be more appropriate.
In this regard, hyperplastic elongated secreting crypts
have been noted in intestinal epithelium-specific
[79]
CaSR-deficient mice . In a preliminary study, we
show that mice deficient in neuronal CaSR display
enhanced colonic propulsive activity, as evidenced by
significantly faster bowel movements than their wildtype littermates (unpublished observation). While
the result from the former study is in keeping with
the anti-secretory effect of epithelial cell CaSR, the
data from the latter are consistent with the active
control of colonic motility by neuronal CaSR. We are
now performing studies to further characterize these
animals both under basal vs challenged conditions with
vs without presence of CaSR activators and inhibitors.
In summary, intestinal CaSR is an antidiarrheal
GPCR receptor in the gut that, when activated,
appears to exert profound effects not only on intestinal
secretion, absorption and motility but also on gut
permeability and inflammatory responses. As such,
activating intestinal CaSR may reverse changes in both
secretory and inflammatory diarrheas in animals and
humans.

to reduce diarrheas that are caused by infectious
[81-84]
pathogens (e.g., Salmonella enterocolitis
) or
[73]
induced chemically (e.g., DSS colitis ) or immune[85]
mediated (e.g., colitis in HLA-B27 transgenic rats ).
In contrast, lowering dietary calcium intake in mice
was found to increase the severity of diarrhea, at least
[74]
in DSS colitis (Table 2).
Three human studies also support the concept that
CaSR agonists have the anti-diarrheal potential. The
st
1 study tested the primary agonist calcium in children
[36]
with viral or parasitic diarrhea . These children who
were immune-compromised, presented with persistent
enteric infections, hypocalcemia, and protracted
diarrhea. When hypocalcemia was corrected, diarrhea
[36]
stops . In this study, calcium equivalent to 1x RDA
(recommended daily allowance) was used. Within
12-24 h following administration, diarrhea stops or
significantly reduces. It is safe within the period of
[36]
10 d treatment without causing hypercalcemia .
In keeping with the unique CaSR agonist-induced
[86]
receptor feed-forward mechanism
(also see below
for further explanation), calcium therapy can be
repeated in a same patient multiple times without
reduction in efficacy or development of resistance.
Although the number of the patients tested in this
study is small, the result proved the principle.
nd
The 2 study is a randomized controlled trial in
young adult volunteers who ingested attenuated live
[87]
enterotoxigenic Escherichia coli (ETEC) . In this
study, 32 subjects were randomized to receive placebo
or calcium (about 1x RDA, in the form of cow’s milk)
for 10 d before they were infected with ETEC. Diarrhea
developed in both groups. However, diarrhea recovery
was significantly faster in calcium treated vs untreated
groups: it recovered within one day in calcium tre
atment group vs more than two days in the placebo
control group. The authors have also generated
evidence that the bulk of the calcium ingested remain

DATA FROM ANIMALS AND CLINICAL
TRIALS ON HUMANS
In rodents, increased dietary calcium intake is found
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in the lumen of the gut unabsorbed, producing local
effect, and are subsequently excreted in feces. Urinary
calcium measurements did not show any significant
difference between the two groups, demonstrating
the safety of this treatment. The only adverse effect
associated with this treatment was mild reversible
constipation. Neither hypercalcemia nor kidney stone
formation were evidenced.
Secretory diarrhea is common in hormone-secreting
neuroendocrine tumors. Recently, a group from M.D.
Anderson Cancer Center in Houston, TX, tested the
efficacy of oral calcium (in the form of aluminosilicate
salt) in reducing secretory diarrhea associated with
[88]
calcitonin-secreting medullary thyroid cancer . Of
the 7 patients evaluated, 5 were considered calcium
antidiarrheal a success. The mean number of bowel
movements/day reduced from baseline by 7%-99%.
Adverse effects were mild and include flatulence,
bloating, heartburn, and constipation.
Despite the excitement and promise of the
proof-of-concept studies, so far, no human studies
have tested antidiarrheal efficacy and safety of
CaSR pharmaconutritional agonists other than
calcium. Clearly, more randomized controlled trials
are warranted on this new simple and promising
antidiarrheal therapy.

Indeed, addition of as low as 1 pmol/L of R568 to
the lumen or bath perfusate of perfused colonic
crypts is found to inhibit the forskolin-stimulated fluid
secretion, with the EC50 values being only 5 (if added
[34]
luminally) to 20 (if added from blood side) pmol/L .
2+
Also, raising [Ca ]o to a slightly supra-physiological
concentration of 2 mmol/L, either luminally or
basolaterally, completely reverses the forskolin or
[34]
cholera toxin-induced cyclic nucleotide accumulation
[29,34]
and secretion
. Similar potency and efficacy
[28]
are observed for polyamines . For example, in
the presence of physiological or near physiological
2+
concentrations of 0.5-1 mmol/L Ca o, as low as 1
nmol/L of spermine, added luminally or basolaterally, is
[28]
able to reverse the secretagogue-induced secretion ,
with the 50% of maximal reversal effect (EC50) of the
[28]
polyamine being achieved in only 0.5-2 µmol/L . The
latter are the polyamine concentrations most often
[89-91]
seen in breast milk
but not in infant formulas [in
which the polyamine concentration is at least 1 order
of magnitude lower than in breast milk and 2-3 orders
of magnitude lower than the polyamine concentration
in the lumen of the intestine shortly after ingestion of
[92-94]
a typical adult human meal (see reviews
). Thus,
it is conceivable that supplementation of ORS or infant
formulas with polyamines and/or other CaSR agonists
may be beneficial in treating children with diarrhea and
is currently under investigation. A significant challenge
for drugs targeting the enterocyte extracellular sur
face is convective washout in which secreted fluid in
intestinal crypts washes away antidiarrheal drugs,
preventing the drugs from diffusing into the target
in the surface of enterocyte to effect. To overcome
this barrier, an orally administered, surface-targeted
antidiarrheal agent requires high drug affinity or
low EC50 to its target in order to obtain sufficiently
high luminal drug concentration (usually > 100-fold
[95]
EC50) . In this regard, the calcimimetic R568 and
the polyamine have extremely low EC50 values, and
washout would not be a concern.
Third, in contrast to many other GPCRs that exist in
either an “on” or “off” conformation, there is evidence
that CaSR adopts multiple active conformations
stabilized by different agonists to generate a set of
[96]
distinct intracellular signals and biological effects .
Consequently, super-agonism (i.e., more than 100%
efficacy) and biased-agonism (i.e., selective activation
or inactivation of one function over others) may
occur when a combination of different agonists are
used to influence the receptor function. These are
important because the unusual properties enable
exploration of different CaSR agonist combinations to
design an ideal anti-diarrheal therapy - a therapy that
produces maximal therapeutic and minimal unwanted
[97]
outcomes .
Finally, naturally occurring nutrients represent
an attractive source of antidiarrheal therapeutics,
because they are safe, widely available and generally
inexpensive, and have the potential for rapid translation

TRANSLATION ADVANTAGES OF CASRBASED ANTIDIARRHEAL THERAPEUTICS
Compared to other antidiarrheal therapies in use and
in development, CaSR-based antidiarrheals have many
advantages. First, as discussed in aforementioned
sections, CaSR is an inclusive antidiarrheal mechanism
that is both anti-secretory and pro-absorptive while
being anti-motility and anti-inflammatory. This is in
contrast to other antidiarrheal agents that target only
one individual transporter or diarrhea-causing pathway
(Figure 1). Accordingly, activating this mechanism may
reverse pathophysiological changes of both secretory
and inflammatory diarrheas.
Second, CaSR is a unique GPCR that uses simple
nutrients as agonists. It uses calcium as a primary
or orthosteric activator and polyamines, L-amino
acids, and oligo-peptides as secondary or allosteric
activators. Thus, unlike most other GPCRs, CaSR must
function in and respond to the continuous presence
of nutrients/activators. This is possible because
CaSR adopts unusual mechanisms regulating its
[86]
receptor expression, trafficking, and degradation .
For example, instead of inducing internalization and
causing desensitization in other GPCRs, continuous
elevation of the primary activator/ligand or addition of
allosteric activators is found to increase the number
of plasma membrane-localized CaSRs and sensitizes
[86]
receptor function . This unique property of not
inducing receptor desensitization would make CaSR
agonists potentially useful as potent antidiarrheals.
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into clinical practice. The CaSR agonists are naturally
occurring nutrients. Because they are all child-friendly,
they may be particularly useful in pediatric population.
Malnutrition is one of the sequelae of diarrhea and
contributes significantly to the morbidity and mortality.
Except for total enteral nutrition, none of the current
diarrhea therapies has the notable capacity of treating
this important diarrheal complication. Considering the
unique property of CaSR using simple nutrients as
activators, it is now possible that through targeting
of CaSR with child-friendly nutrients, used alone or
in combination with the calcimimetics, diarrhea and
malnutrition may both be treated.

6

7
8

9

CONCLUSION

10

Based upon recent studies, it appears that the
intestinal calcium-sensing receptor (CaSR) has an
inclusive antidiarrheal function. Activating CaSR is
anti-secretory, pro-absorptive, anti-motility, and antiinflammatory. As such, diarrhea therapies that are
based on CaSR may have potentials in reversing
pathophysiological changes of both secretory and
inflammatory diarrheas and reducing morbidity and
mortality associated with these diarrheal diseases.
Considering its unique property of using simple
nutrients as activating ligands, it is now possible that
through targeting of CaSR with nutrients, alone or in
combination with calcimimetics, novel oral rehydra
ting solutions that target central diarrhea-forming
pathways that are inexpensive and practical to use in
all countries can be developed. Clearly, randomized
clinical trials using these pharmaconutritional agonists
are warranted.
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REVIEW

Liver surgery in cirrhosis and portal hypertension
Christina Hackl, Hans J Schlitt, Philipp Renner, Sven A Lang
metastatic lesions. However, extended liver resections
in patients with underlying hepatic cirrhosis and portal
hypertension still represent a medical challenge in
regard to perioperative morbidity, surgical management
and postoperative outcome. The Barcelona Clinic Liver
Cancer classification recommends to restrict curative
liver resections for hepatocellular carcinoma in cirrhotic
patients to early tumor stages in patients with Child A
cirrhosis not showing portal hypertension. However,
during the last two decades, relevant improvements
in preoperative diagnostic, perioperative hepatologic
and intensive care management as well as in surgical
techniques during hepatic resections have rendered
even extended liver resections in higher-degree
cirrhotic patients with portal hypertension possible.
However, there are few standard indications for hepatic
resections in cirrhotic patients and risk stratifications
have to be performed in an interdisciplinary setting for
each individual patient. We here review the indications,
the preoperative risk-stratifications, the morbidity and
the mortality of extended resections for primary and
metastatic lesions in cirrhotic livers. Furthermore,
we provide a review of literature on perioperative
management in cirrhotic patients needing extrahepatic
abdominal surgery and an overview of surgical options
in the treatment of hepatic cirrhosis.
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Core tip: Liver resections in patients with underlying
hepatic cirrhosis and portal hypertension still represent
a medical challenge with regard to perioperative
morbidity, surgical management and postoperative
outcome. However, the increasing incidence of
liver cirrhosis on the one hand, and the ongoing
improvements in surgical technique and perioperative
management on the other hand have up until today
rendered even extended hepatic resections in these

Abstract
The prevalence of hepatic cirrhosis in Europe and
the United States, currently 250 patients per 100000
inhabitants, is steadily increasing. Thus, we observe a
significant increase in patients with cirrhosis and portal
hypertension needing liver resections for primary or
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patients possible. Especially in primary and metastatic
liver malignancies, surgery often presents the only
curative approach and thus potential short- and longterm benefits and risks have to be evaluated carefully
and interdisciplinary from a surgical, oncological and
hepatologist point of view.

Table 1 Causes of liver cirrhosis
Alcoholic liver disease
Chronic viral hepatitis (hepatitis B and C)
Non-alcoholic fatty liver disease
Primary and secondary biliary cirrhosis
Primary sclerosing cholangitis
Hemochromatosis
Autoimmune hepatitis
Wilson’s disease
α1-Antitrypsin deficiency
Celiac disease
Right-sided heart failure
Granulomatous liver disease
Congenital malformation syndromes

Hackl C, Schlitt HJ, Renner P, Lang SA. Liver surgery in
cirrhosis and portal hypertension. World J Gastroenterol 2016;
22(9): 2725-2735 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i9/2725.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i9.2725

INTRODUCTION

Table 2 Most frequent causes of portal hypertension

Liver cirrhosis and portal hypertension

Prehepatic etiology of portal hypertension
Portal vein thrombosis
External portal vein compression
Intrahepatic etiology of portal hypertension
Hepatic cirrhosis (of any origin)
Congenital hepatic fibrosis
Schistosomiasis
Idiopathic non-cirrhotic portal hypertension
Posthepatic etiology of portal hypertension
Budd-Chiari’s syndrome
Sinusoidal obstruction syndrome
Cirrhose cardiaque

Liver cirrhosis, the end-stage of chronic liver fibrosis,
shows a prevalence of 250 patients per 100000 inhabi
[1,2]
tants . Pathological alterations of liver parenchyma
and hepatic perfusion lead to a decrease in hepatocyte
function and an increase in transhepatic perfusion
resistance, resulting in portal hypertension. Over time,
up to 20% of cirrhotic patients develop a hepatocellular
[1]
carcinoma .
Causes of liver cirrhosis are manifold (Table 1). In
Europe and the United States, alcoholic liver disease
is the predominant cause of hepatic cirrhosis, followed
by chronic viral hepatitis (B/C) and nonalcoholic fatty
liver disease. In many African and Asian countries,
chronic viral hepatitis remains the main cause of liver
[1]
cirrhosis .
Phenotypically, liver cirrhosis can show a variety
of symptoms from almost asymptomatic stage to
liver failure. In advanced cirrhosis, live-threatening
complications are bleeding from esophageal varices,
hydroptic decompensation (ascites), spontaneous
bacterial peritonitis and hepatic encephalopathy. A
first evaluation of the cirrhotic stage can be estimated
by the Child-Pugh-Turcotte Score (CPT) using the
INR (International Normalized Ratio), the serum
bilirubine, the serum albumine, the grade of hepatic
[3]
encephalopathy and the grade of ascites . Although
the CPT score is a valuable method to categorize
patients into individuals with compensated (CPT A),
mildly (CPT B) or severely decompensated (CPT
C) cirrhosis, it can be influenced by the subjective
assessment of the parameters “ascites” and “ence
phalopathy”. Furthermore, it does not include the
prognostic relevant assessment of renal function.
Another system evaluating the mortality of a
patient with liver cirrhosis is the Model of End Stage
Liver Disease (MELD) score, currently used for organ
[4,5]
allocation in liver transplantation . It is reproducibly
calculated from creatinine, bilirubin and INR, and does
not include less precise parameter such as ascites
or varices. Since a continuous deterioration of each
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individual parameter results in a continuous increase
in MELD score, risk discrimination of individual pa
[6,7]
tients is more accurate than using the CPT score .
However, neither the CPT- nor the MELD-score were
originally created for surgical settings. While the CPT
classification was developed to estimate the liverspecific overall survival of cirrhotic patients, the MELDscore was developed for estimating the mortality
after TIPS (transjugular portosystemic stent shunt)
[4,5]
-placement
. A main drawback in surgical risk
stratification is that both scoring systems do not
include features of portal hypertension except for
ascites in the CPT classification.
Portal hypertension is defined as an increased
pressure gradient between portal vein and hepatic
veins [= portal-pressure gradient (PPG) also called the
porto-caval gradient/porto-systemic gradient]. The
hepatic venous pressure gradient (HVPG) is an indirect
measurement of the real PPG, which allows obviating
the risks linked with the direct puncture of the portal
[8]
vein . Under physiological conditions, the HVPG
is 1 to 5 mmHg. Subclinical portal hypertension is
defined as a HVPG of 5 to 9 mmHg. Clinically relevant
portal hypertension shows a HVPG of ≥ 10 mmHg.
Reasons for portal hypertension are shown in Table 2.
In Western countries, hepatic cirrhosis accounts for >
90% of cases of portal hypertension.
Gold standard for assessing the HVPG is the angioinvasive measurement of the free hepatic venous
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pressure (FHVP) in the right hepatic vein as well as the
wedge hepatic venous pressure (WHVP) at the same
[8]
location . HVPG is then defined as the difference
of WHVP and FHVP. Since this invasive method may
not be available everywhere and might also cause
complications, translational studies are currently
performed to establish ultrasound-based elastography
for assessing the degree of portal hypertension. So
far some promising progress has been made using
®
Fibroscan measurements. Here, a cut-off value of
13.6 kPa has been described as being 90% sensitive
to detect clinically relevant portal hypertension, with
excellent specificity at a higher cut-off value of 21.1
kPa. Thus, invasive HVPG measurements to diagnose
clinically relevant portal hypertension may be limited
to patients without esophageal varices and with a
®
Fibroscan measurement result between 13.0 and 21.1
[9]
kPa . Ongoing clinical assessments will further refine
[10,11]
this technique
. Meanwhile, surrogate markers
such as thrombocytopenia < 100/nl, splenomegaly
> 12 cm, the endoscopic confirmation of esophageal
[12]
varices (that do not occur in HVPG < 10 mmHg ),
clinical signs of collateralization such as the presence
of caput medusae and presence as well as extent of
[13]
ascites are used to define portal hypertension .

of ascites, bilirubine and indocyanine-green-clearance to
be excellent predictors of resectability for hepatocellular
carcinoma (HCC) independent of portal hypertension.
However, LiMaX-Test and Indocyanine-green-clearance
both analyse the global liver function and cannot
distinguish the expected post-surgical liver remnant
function. A method that may distinguish this remnant
liver function is functional scintigraphy and functional
[23-25]
MRI using Gd-EOP-DTPA contrast enhancement
.
Nonetheless, up until today, little experience of these
assays in patients with liver cirrhosis and portal
hypertension exists and future prospective studies are
warranted.
A critical issue is the remaining liver remnant after
resection. In general, CT-based volumetric assessment
is used to estimate the volume of liver that remains
after resection. Upon liver cirrhosis, a minimum of
40% well-perfused liver tissue must remain in situ to
[26]
maintain an adequate function . However, this is not
an absolute value and should be taken with caution.

Preoperative risk evaluation
Since liver cirrhosis and portal hypertension significantly
[27,28]
increase perioperative morbidity and mortality
,a
thorough pre-operative risk evaluation is recommended.
The American Society of Anaesthesiologists Score
(ASA-Score), although not originally meant specifically
for liver surgery, has been shown to reliably predict 7-d
mortality of patients with liver cirrhosis after abdominal
[28]
surgery . In addition, CPT and MELD score are used
to predict the mortality after major abdominal surgery.
Thus, mortality rates of 10%, 30% and 80% were
observed for patients classified as CPT A, CPT B and
[29,30]
CPT C, respectively
. However, recent improvements
in surgical technique and perioperative management
have significantly reduced mortality especially in CPT
[12,22,29-33]
A and CPT B patients
. The impact of portal
hypertension on perioperative morbidity and longterm survival has lately been discussed controversially.
[12]
Berzigotti et al
have shown a relative risk of 2.0
for 3- and 5-year mortality and a relative risk of 3.0
for perioperative clinical cirrhotic decompensation in
patients undergoing liver resection for HCC with and
without portal hypertension. Similar results were shown
for subgroups of patients undergoing resection of a
single small HCC in CPT A cirrhosis. In contrast, other
reports state that portal hypertension is no prognostic
parameter for perioperative mortality and long-term
[34]
survival in multivariate analyses . A matched-pair
analysis of 241 cirrhotic patients undergoing liver
resections for HCC showed no significant difference in
perioperative morbidity and long-term postoperative
outcome in patients with or without portal hypertension
and identified the MELD-score and the extent of liver
[34]
surgery as only specific prognostic parameters . Using
the MELD score as predictor, mortality after abdominal
surgery has been described to be 5%-10% for MELD
≤ 11, 25%-54% for MELD 12%-25% and 55%-80%

Preoperative diagnostics
While taking the medical history of a patient with liver
cirrhosis, a main focus should lie on prior episodes
of decompensation or variceal hemorrhage, ongoing
alcohol abuse and further comorbidities such as
congestive gastropathy, cardiovascular complaints
(coronary artery sclerosis, cirrhotic cardiomyopathy),
pulmonary disorders (chronic obstructive pulmonary
disease (COPD), hepato-pulmonary syndrome, pleural
effusion), restricted renal function (hepato-renal
[14,15]
syndrome), diabetes and malnutrition
. During
physical examination, signs of portal hypertension
such as ascites and caput medusae may be seen.
Preoperative laboratory screening should include a full
blood count (anemia, thrombocytopenia), coagulation
tests (INR), renal function parameters (creatinine,
GFR, electrolytes) as well as liver function parameters.
Radiologic examinations should consist of (if possible:
contrast-enhanced) ultrasound (parenchymal liver
morphology, focal lesions, liver perfusion, umbilical
vein recanalization, elastography if available) and
contrast-enhanced CT/MRI scans (morphology of
lesions indicating liver resection, staging, morphology
of collaterals, volumetric assessment of remnant liver).
Several methods have been established to spe
cifically evaluate the liver function prior to hepatic
[16]
resections . Among them, the LiMaX (maximum
liver function capacity) test, which analyses the
liver-specific, cytochrome P450-based metabolism
13
[17,18]
of C-methacetin
, and the Indocyanine-green[19-21]
Clearance (ICG-Clearance) test
are most commonly
[22]
used. Ishizawa et al
have reported the combination
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Table 3 Preoperative risk stratification models for patients with liver cirrhosis

[28-30,35-37]

Score

Groups

Initial function

Mortality assessment

Mortality after liver resection

ASA

1-6

Predictor of 7-d mortality

Not specifically defined

CPT

A-C
0-40

A: 10%, B: 30%, C: 80%;
predictor for 30- and 90-d mortality
0-11: 5%-10%, 12%-25: 25%-54%, > 26: 55%-80%;
predictor for 30- and 90-d mortality
7-, 30-, 90-, 360-, 1800-d mortality

A: < 9%, no data for B and C

MELD

Perioperative risk stratification for any
patient
Overall survival in patients with liver
cirrhosis
Mortality of TIPS-placement

Mayo

Mortality after abdominal, orthopedic
and cardiac surgery

≤ 8: 0%; > 8: 29%

Not specifically defined

ASA: American Society of Anaesthesiologists; CPT: Child-Pugh-Turcotte; MELD: Model of End Stage Liver Disease; TIPS: Transjugular portosystemic stent
shunt.
[35-37]
for MELD ≥ 26
. Furthermore, a study analysing
liver resections in cirrhotic patients and showing an
overall-mortality of 16%, defined a MELD score of 9
as “cut-off” point: none of the patients with less than
9 points died in the perioperative period whereas a
29% mortality rate was observed in patients with 9
[32]
or more points . Based on these analyses, the Mayo
Clinic offers a web-based risk evaluation of 7-, 30-,
90-, 360- and 1800-d mortality for cirrhotic patients
after abdominal, cardiac and orthopedic surgery (http://
[28]
www.mayoclinic.org/meld/mayomodel9.html) . A
synopsis of preoperative risk scores is shown in table
3. In conclusion, elective abdominal surgery in CPT C
patients or patients with a MELD > 15 is only feasible
with significantly increased morbidity and mortality.
In these patients, potential therapeutic alternatives as
well as morbidity and mortality in case of conservative
therapy have to be carefully assessed and risks vs
potential benefits evaluated for each individual patient.
In CPT A and MELD < 9 patients, elective surgery
including liver resections can be performed with
adequate risk-to benefit ratio. Patients showing a CPT
B classification and a MELD score of 9-15, the risk-to
benefit ratio has to be carefully discussed for and
with each patient. Of note, portal hypertension is not
adequately included in all of these staging systems and
has to be taken into consideration in the context of liver
resection. In particular, thrombocytopenia as one of the
features of portal hypertension has been associated
with a significant increase in postoperative major
complications, postoperative liver failure and finally
[22,38]
with a more than 3-times higher 60-d mortality
.

indications for hepatic surgery in these high-risk
patients.
According to the European Association for the
Study of the Liver (EASL) and American Association
for the Study of the Liver (AASLD) guidelines for HCC
therapy, surgical resections are restricted to patients
without portal hypertension, patients showing a
[12]
normal bilirubin level and a singular tumor nodule .
In addition, the Barcelona Clinic Liver Cancer (BCLC)
classification recommends curative liver resections for
HCC in cirrhotic patients only in early tumor stages and
[41]
in CPT A cirrhosis without portal hypertension . In
contrast, several studies world-wide have shown that
HCC resections can be performed in cirrhotic patients
with portal hypertension showing acceptable mortality
[22,33,34]
rates with clear oncologic benefits
. Furthermore,
[42]
Torzilli et al
could show that in centres specialized
in complex liver surgery, 50% of patients undergoing
liver resection in cirrhosis are resected outside the
BCLC criteria with 5-year overall survival rates of
57% and 38% for BCLC B and BCLC C patients,
respectively. Several authors could show that hepatic
resections in patients diagnosed with HCC in advanced
cirrhosis result in significantly better long-term survival
[43-46]
compared to transarterial chemoembolization
and that tumor size alone should not be an exclusion
[47]
criteria for curative surgery . In a randomized
[46]
controlled clinical trial, Yin et al
performed liver
resections or transarterial chemoembolizations in 173
HCC patients exceeding the Milan criteria. The authors
described a significantly better long-term survival in
patients undergoing liver resection (3-year overall
survical rate 51.5% vs 18.1%). Thus, advanced
liver cirrhosis and portal hypertension should not
be considered as absolute contraindication in liver
resections but must be evaluated individually for each
patient in the context of the hepatic resection planned
and further comorbidities of the patient.

Hepatic resection in cirrhotic
livers and portal hypertension
Indication

The most frequent indication for hepatic resections in
cirrhotic patients with and without portal hypertension
is HCC. In addition, cholangiocellular adenocarcinoma
(CCA) and liver metastases may be reasons for liver
resection upon cirrhosis although several studies
indicate that cirrhosis reduces the risk of metastasis
[39,40]
formation
. Benign hepatic lesions are very rare
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Extent of resection

In a cirrhotic liver, a minimum of 40% well-perfused
[26]
liver-volume must remain in situ after resection .
However, in our institution these radical resections of
up to 60% liver volume are restricted to CPT A, MELD
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Figure 1 Patient with hepatocellular carcinoma in macroscopic and
biopsy proven liver cirrhosis but without signs of portal hypertension
(CTP A, MELD 8, no varices, no splenomegaly, normal thrombocyte count)
scheduled for right hepatectomy.

Figure 2 Patient with liver metastases in histological proven liver cir
rhosis with signs of portal hypertension (splenic diameter 15.3 cm,
thrombocytopenia 77/nL, hypertensive gastropathy) scheduled for
radiofrequency ablation.

< 9 patients with no or only mild portal hypertension
(figure 1). Some reports indicate that anatomic
hepatic resections for HCC show a trend towards
increased disease-free and overall survival compared
[48-50]
to non-anatomic resections
whereas others do
[51-53]
not see a benefit from anatomic resections
.
However, to avoid postoperative liver failure due to
insufficient liver remnant, we would prefer hepatic
resections to be as parenchymal-sparing as possible.
In particular, the latter strategy may enable liver
resections in patients with advanced cirrhosis (CPT
[54]
B) and with (mild) portal hypertension . Lately,
local ablation using radiofrequency has been shown
to be an adequate alternative therapy for small
malignant hepatic lesions < 2 cm with similar longterm oncologic outcome as surgical resection but
[9]
significantly reduced peri-interventional morbidity .
Thus, for patients with small malignant liver lesions
in cirrhosis and portal hypertension local ablation has
to be considered as an alternative (and potentially
better) option (see figure 2).

with or without portal hypertension. “Selective”
dissection techniques are based on discriminating
the higher tissue resistance of blood vessels and
bile ducts compared to liver parenchyma. Selective
dissection techniques are blunt dissection using a pair
of scissors and selective application of clips, water jet
dissection and clips, stapler dissection and ultrasoundR
[59-64]
aspiration (CUSA ) and clips
. In our institution,
blunt selective dissection by scissors and clips is the
preferred dissection technique. In any case, care must
be taken of thorough bleeding control during resection.
Post-resection application of fibrin glue or collage
fleece has not shown any benefit on blood loss and
[65]
need for blood transfusions .

Pringle manoeuvre

Blood loss and need for blood transfusions have been
defined as independent predictors of postoperative
[66-68]
morbidity and mortality
. In cases of problematic
blood loss during parenchymal dissection, hilar
vascular occlusion can be applied (Pringle manoeuvre).
Of note, the Pringle manoeuvre is not recommended
in cirrhotic patients but sometimes is necessary
to avoid extensive blood loss. If needed, collateral
vessels in the liver hilum should be preserved during
vascular clamping. If vascular clamping cannot be
avoided, selective clamping of a hepatic lobe, section
or segment is recommended to limit ischemic and
[55,69]
reperfusion damage
. Moreover, hilar vascular
occlusion should be performed as short as possible. In
cases where longer occlusion is needed, intermittent
occlusion, e.g., intervals of 15 min of ischemia,
followed by 5 min of reperfusion - has shown to be
[70-74]
tolerated better than continuous clamping
. Total
hepatic vascular exclusion, i.e., including occlusion
of the infra- and suprahepatic caval vein, should be
avoided since a significant increase in perioperative
morbidity and mortality has been observed even in
[75]
non-cirrhotic patients . A setting were total hepatic
vascular exclusion may be necessary is the resection
of a hepatocellular carcinoma invading the retrohepatic

Surgical access

Standard access for cirrhotic as well as non-cirrhotic
patients in liver surgery is the upper abdomen midline
incision extended by right-upper quadrant traverse
laparotomy (“inversed L-shape”). In cases where
right-posterior segmentectomy has to be performed
and where clamping of the suprahepatic inferior caval
vein is not possible through inversed L-shape incision,
[55-57]
a thoraco-abdominal incision is recommended
.
In minor resections, a midline incision may suffice.
The recanalized umbilical vein must be carefully
ligated or preserved if possible. First studies have also
established laparoscopic resections in cirrhotic patients.
In specialized centres, even extended liver resections
can be performed in a minimally invasive technique
with removal of the resected liver using a Pfannenstiel
[58]
incision .
For parenchymal dissections, all techniques used in
non-cirrhotic patients can be used in cirrhotic patients
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ascites and improved wound healing after drainage
[82,83]
placement
.

Table 4 Definitions of postoperative liver-failure
Definition
“50-50”
ISGLS
ISGLS A
ISGLS B
ISGLS C
peakBili > 7

Time of scoring

bilirubin > 50 µmol/L, prothrombin time
POD 5
< 50% (INR > 1.7) → mortality of 50%
Increased INR and hyperbilirubinemia On or after POD
5
No intervention necessary
Non-invasive intervention necessary
Invasive intervention necessary
Maximum hyperbilirubinemia >
Any POD
7 mg/dL any day after surgery predictor for 90-d mortality

Postoperative Morbidity
Compared to liver resections in otherwise healthy
patients, resections in cirrhotic livers in patients
with portal hypertension show a markedly increased
[22,33,34,66]
postoperative morbidity of 22%-50%
.

Liver failure

Postoperative liver failure is the most serious and lifethreatening complication after liver resection. Several
definitions for “liver failure” have been proposed
over the last 20 years. So far, the commonly used
definitions, though initially not developed to score
liver resections in cirrhotic livers, are the “50-50 crite
ria”, the International Study Group of Liver Surgery
(ISGLS)-criteria and the “peakBili > 7” criteria (see
[84-86]
table 4)
.
Liver transplantation as only causal therapy of liver
failure is often no option in these patients. Treatment
must therefore focus on optimal perfusion of remnant
liver, adequate infection prophylaxis and intensive care
management of fluid balance, electrolytes, coagulation
and kidney function.

POD: Postoperative day; ISGLS: International Study Group of Liver
Surgery.

caval vein and needing (partial) resection and
replacement of the retrohepatic caval vein.

Cooperation with anaesthesiology

During hepatic resection, a close cooperation and
communication with the anaesthetic team is essential.
Since intrahepatic sinusoidal pressure correlates
with the pressure in the inferior caval vein, which
again correlates with the central venous pressure
(CVP), blood loss during parenchymal dissection can
be significantly decreased by reducing the CVP to
[55,69,76]
approximately 5 mmHg
. Reduction of the CVP
to lower (even negative) values is not recommended
[55]
due the increased risk of air embolism . Restrictive
volume management, reduction of tidal volume and
positive end-expiratory pressure, diuretics and reverse
Trendelenburg positioning are options to reduce the
[77]
CVP . A surgical method to reduce CVP is partial
[78]
clamping of the infrahepatic caval vein . Finally, in
case of increased blood loss during hepatic resection,
a decent management including not only blood
transfusions but also substitution of non-cellular blood
components (e.g., fresh frozen plasma, coagulation
factors) is mandatory. It has been observed that a
restrictive transfusion policy for cirrhotic patients with
anemia therapeutically targeted to a Hb between 7-9
[79]
g/dL is associated with a better clinical outcome .
This should be considered in order to avoid an
overtransfusion policy that can further increase portal
pressure as consequence of high hepatic inflow.

Ascites, infectious complications

Ascites is a major problem after hepatic resections in
cirrhotic patients with portal hypertension, even if no
postoperative liver failure occurs. Ascites production
often suspends after 5-7 d. Supportive therapies
consist of diuretics (e.g., spironolactone), restrictive
volume management and substitution of albumin.
In cases of persisting ascites, a microbiological
examination is recommended to detect and treat
infections early. In individual patients, TIPS placement
(alternatively: splenic artery embolization) must be
considered.
The rate of infection-associated complications is
significantly increased after liver resections in cirrhotic
patients with portal hypertension compared to liver
[87]
resections in otherwise healthy livers . Main foci here
are pneumonia and superinfected ascites. In suspected
infection, no delay in antibiotic treatment must be
made. In cases of superinfected ascites, recommended
empirical treatment is the use of third generation
[88,89]
cephalosporins such as ceftriaxone or cefotaxime
,
[90]
alternatively the use of carbapenems . Prior sampling
and microbiological culture of the ascitic fluid is
recommended for adequate adaption of the antibiotic
regime depending on the antimicrobial resistance
patterns. Control sampling and microbiologic culture of
the ascitic fluid 48 h after start of antibiotic treatment
is recommended.

Drainage

Routine placement of drainage systems in hepatic
resections is controversially discussed. In minor
resections of non-cirrhotic livers in patients without
portal hypertension, drainage placement is not
[80]
recommended . In major resections, prophylactic
drainage placement has been associated with
increased septic complications and prolonged time
[81]
to discharge . However, other publications show
a significantly reduced intraabdominal pressure
for temporary drainage of increased postoperative
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Wound healing and postoperative hemorrhage

Due to the frequently underlying malnutrition and
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increased operative risk must carefully be discussed
for and with each individual patient in the light of the
potential long-term oncologic outcome.

Table 5 Shunt surgery in portal hypertension and hepatic
[93,95,96]
cirrhosis
Shunt

Porto-caval;
end-to-side

Porto-caval,
side-to-side +/interposition graft
Distal splenorenal
shunt (Warren)

Bypass of
portal venous
flow

Recurrent haemorrhage/
complications

Complete

Low rate of recurrent haemorrhage
(< 5%)
Low degree of shunt occlusion
40% encephalopathy
Increase in ascites
Recurrent haemorrhage 5%
Low degree of shunt occlusion (5%)
5% encephalopathy
Recurrent haemorrhage 5%-8%
Shunt occlusion 10%
Selective decompression of
gastroesophageal varices

Partial

Partial

Surgical therapy of portal
hypertension
Only liver transplantation (LT) is the causal therapy
for patients diagnosed with portal hypertension
[92]
and advanced liver cirrhosis . However, not all
cirrhotic patients are candidates for LT. In particular,
patients suffering from severe complications from
portal hypertension such as variceal hemorrhage
and subsequent failure of conservative, endoscopic
and angiographic interventions are referred to TIPS
[93,94]
placement
. Only if TIPS placement is technically not
feasible, shunt surgery may be considered. Interestingly,
several studies comparing TIPS and shunt surgery
show a significantly reduced recurrence of hemorrhage
[95]
and less occlusive complications for shunt surgery .
However, due to the high perioperative morbidity and
mortality, shunt surgery should only be considered
[96]
for CPT A or well-compensated CPT B patients .
Depending on the region of the portal-venous system
requiring relief of vascular pressure and influenced by
possible anastomotic sites, several shunting techniques
have been developed (see table 5). If possible, only a
partial bypass of the portalvenous flow is recommended
to minimize the risk of encephalopathy.
More rarely used shunting techniques are the
meso-caval side-to-side shunt (+/- interposition
graft), the proximal end-to-side splenorenal shunt
(Linton), the spleno-renal side-to-side shunt (Cooley),
the coronario-cava- end-to-side shunt (Inokuchi) and
the mesenterico-portal Rex-Shunt. Because shunt
surgery is no longer a common practice, it should only
be performed where there is sufficient expertise at
specialized centers.

postoperative ascites, the rate of wound healing
disorders in cirrhotic patients is significantly higher
[91]
than in non-cirrhotic patients . Some reports indicate
that abdominal closure with a running suture pre
vents wound dehiscence. Moreover, placement of an
intraabdominal drainage to prevent fluid collection
and to lower the intraabdominal pressure has been
proposed although this is discussed controversially (see
above).
Postoperative hemorrhage in cirrhotic patients can
be caused by superficial wound bleeding, bleeding
from the resection site as well as by GI bleedings.
Rapid diagnostic assessment and interdisciplinary
surgical-medical therapy including supplementation of
coagulation products are essential in these potentially
life-threatening complications.

Results after liver resection in cirrhosis and portal
hypertension

A recent analysis of 2046 patients treated in 10 highvolume centres for liver surgery has shown that
only 50% of patients were operated within the BCLC
recommendations, i.e., BCLC stage 0-A and no portal
hypertension. 36% and 14% of patients underwent
[42]
liver resection in BCLC stage B and C, respectively .
In this publication, 5-year overall survival rates after
HCC resections in BCLC A/B/C cirrhosis were 61%,
57% and 38% and 5-year disease free survival of 21%,
27% and 18%. Thus, the authors conclude that liver
resections for HCC can be performed even in higher
degrees of cirrhosis with acceptable long-term outcome
and that the BCLC/EASL/AASLD guidelines should
thus be updated. Furthermore, several publications
could show that portal hypertension is no prognostic
factor for long-term survival or HCC recurrence in
[25,34]
multivariate analyses
. In contrast, Berzigotti et
[12]
al determined portal hypertension as an independent
factor for decreased long-term survival and increased
perioperative decompensation after HCC resection.
However, since many cirrhotic patients diagnosed with
HCC do not qualify for liver transplantation, taking an
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CONCLUSION
In conclusion, hepatic resections in cirrhotic patients
with portal hypertension show a significantly increased
mortality and morbidity. However, due to ongoing
improvements in surgical technique and intensive
care management, surgery is feasible in selected
patients with adequate long-term outcome. Patients
have to be carefully screened for the degree of liver
cirrhosis (CPT A-C, MELD-score), grade of portal
hypertension (thrombocyte count, splenomegaly,
presence of collaterals and varices, elastography,
HPVG-measurement) and comorbidities. To us, portal
hypertension is not an absolute contraindication for
liver resections in cirrhotic patients. A close interaction
with anaesthesiology and the critical care team is
mandatory for optimal perioperative management.
Main indications for liver resections in cirrhotic
patients are HCC, but also CCA and, rarely, hepatic
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metastases. Elective surgery should not only be
restricted to patients with CPT A cirrhosis, but should
also be offered to very well selected patients with
more advanced cirrhosis. During surgery, abdominal
access should be made carefully to preserve potential
collaterals. Careful dissection to prevent intraoperative
blood loss is necessary and the extent of liver resection
should be restricted to a minimum. Moreover, the
therapeutic alternative of local ablation (radiofrequency
ablation, irreversible electroporation among others)
by an experienced interventional radiologist should
always be considered. In case of surgery, the Pringlemanoeuvre should be avoided but may help to bridge
critical situations. During the postoperative period,
close interdisciplinary management by the hepatobiliary
surgical team, critical care specialists and hepatologists
is warranted for optimized stabilisation of these critical
patients and for early and appropriate management of
complications.
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REVIEW

Curcumin as a potential therapeutic candidate for
Helicobacter pylori associated diseases
Avijit Sarkar, Ronita De, Asish K Mukhopadhyay
oxidant, anti-cancer, anti-proliferative, anti-fungal and
anti-microbial. These pleiotropic activities prompted
several research groups to elucidate the role of curcumin
in Helicobacter pylori (H. pylori ) infection. This is the
first review with this heading where we discussed
regarding the role of curcumin as an anti-H. pylori
agent along with its potential in other gastrointestinal
diseases. Based on several in vitro , early cell culture,
animal research and few pre-clinical trials, curcumin
projected as a potential therapeutic candidate against
H. pylori mediated gastric pathogenesis. This review
sheds light on the anti-H. pylori effects of curcumin
in different models with meticulous emphasis on its
anti-oxidant, anti-inflammatory and anti-carcinogenic
effects as well as some critical signaling and effecter
molecules. Remarkably, non-toxic molecule curcumin
fulfills the characteristics for an ideal chemopreventive
agent against H. pylori mediated gastric carcinogenesis
but the foremost challenge is to obtain the optimum
therapeutic levels of curcumin, due to its low solubility
and poor bioavailability. Further, we have discussed
about the possibilities for improving its efficacy
and bioavailability. Lastly, we concluded with the
anticipation that in near future curcumin may be
used to develop a therapeutic drug against H. pylori
mediated gastric ailments through improved formulation
or delivery systems, facilitating its enhanced absorption
and cellular uptake.
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Abstract
Curcumin, a yellow pigment and principal polyphenolic
Curcuminoid obtained from the turmeric rhizome
Curcuma longa , is commonly used as a food-coloring
agent. Studies suggest that curcumin has a wide range
of beneficial properties e.g. , anti-inflammatory, anti-
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Core tip: Curcumin, a yellow polyphenolic pigment,
used as a food-coloring agent has wide range of
beneficial properties (e.g. , anti-inflammatory, antioxidant, anti-cancer, anti-proliferative, anti-fungal
and anti-microbial). Several research groups have
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[9]

elucidated the role of curcumin in Helicobacter pylori
(H. pylori ) infection. This is the first review where we
have discussed the role of curcumin as an anti-H. pylori
agent along with its potential in other gastrointestinal
diseases. Based on several in vitro , early cell culture,
animal research and few pre-clinical trials, curcumin
projected as a potential therapeutic candidate against H.
pylori mediated gastric pathogenesis with a challenge
to improve its low solubility and poor bioavailability.

prospect of finding a cure from natural sources .
Plant derived compounds have shown their
potential as therapeutic and chemopreventive agents
for many chronic illness such as cardiovascular,
neurodegenerative and neoplastic diseases. Dietary
components present in spices, nuts, vegetables and
fruits have demonstrated significant potential to
suppress carcinogenesis in in vitro, pre-clinical and
[10]
clinical cancer models . Polyphenols with effective
anti-oxidant and anti-inflammatory properties can
modulate important signaling molecules are of
enormous pharmacological interest. Catechins in green
tea, curcumin in turmeric, lycopene in tomatoes,
resveratrol in grapes and red wine, quercetin in apple
and onions to name a few have showed considerable
anti-carcinogenesis potential in several organs (e.g.,
[10]
skin, liver, breast, lung, and prostate) . Several
reports have suggested curcumin’s anti-H. pylori
effect. In this review, we have discussed the potential
role of curcumin as an anti-H. pylori molecule both in
vitro and in vivo along with its future perspective in
view of pharmacological importance.

Sarkar A, De R, Mukhopadhyay AK. Curcumin as a potential
therapeutic candidate for Helicobacter pylori associated diseases.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram negative,
microaerophilic, helical rod that colonizes in human
gastric mucous layer. Although 50% of world population
carries H. pylori, most infections are asymptomatic and
10%-15% of the H. pylori infected individuals develop
chronic inflammation leading to atrophic gastritis,
[1]
peptic ulcer as well as gastric adenocarcinoma .
Although infection occurs worldwide, there are
significant variations in the prevalence of infection
both within and between countries. In general, the
overall prevalence of H. pylori infection in developed
countries is lower than that in developing countries
due to improved medical care, personal hygiene,
[2-4]
sanitation or living conditions . H. pylori infection is
very common in India, where millions of adults are at
risk for developing gastric inflammation, ulcers and
carcinoma. World health organization has classified H.
pylori as a group Ⅰ carcinogen with significant risk of
[5]
gastric cancer . So, in case of infection, eradication of
H. pylori is the most effective treatment for H. pyloriassociated diseases. Eradication of H. pylori infection
by treatment with “Triple therapy” (TT), includes two
anti-microbial agents (clarithromycin and amoxicillin
or metronidazole) and a proton pump inhibitor, is
[6]
recommended by several groups . However, such
multiple therapy regimens have not been very
successful in clinical practice due to their misuse and
side effects.
Increasing difficulties in the conventional tripletherapy due to antimicrobial resistance, incomplete
cure, undesirable side effects, noncompliance among
the patients, cost of the antibiotic regimens, and few
other factors promote a critical need to develop new
non-antibiotic antibacterial agents against H. pyloriinfection that are highly effective, safe, have specific
[7,8]
cellular targets and of course low cost . Moreover,
several studies using extracts of traditional medicinal
plants from several parts of the world have reviewed
the in vitro susceptibility of H. pylori demonstrating the
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CURCUMIN: THE INDIAN SOLID GOLD
DERIVED FROM TURMERIC PLANT
Curcumin is a key polyphenolic yellow pigment
found in turmeric root. Turmeric is a rhizomatous
plant (Curcuma longa Linn), a perennial member
of Zingiberaceae family mostly grown in India and
[11]
Southeast Asia . Turmeric is commonly used as a
spices/food coloring agent in India. Except its use
in skin care product and as a dye in textile industry,
turmeric have a wide variety of use in Ayurvedic
[12]
medicine for centuries . As a traditional medicine,
turmeric has also been broadly used to treat a diversity
of disorders including rheumatism, sprains, runny
nose, skin diseases, wounds, diarrhea, dyspepsia,
intermittent fevers, hepatic disorders, intestinal
worms, biliousness, urinary discharges, Blood Sugar,
inflammation, constipation, leukoderma, amenorrhoea
[13]
and colic inflammation .
Alcoholic extracts of turmeric mainly contain
three curcuminoids viz. curcumin (curcumin Ⅰ or
diferuloylmethane), curcumin Ⅱ (desmethoxy
curcumin) and bisdesmethoxycurcumin (curcumin Ⅲ)
(Figure 1). Although C. longa is the main source of
curumin, it has also been reported from C. aromatica,
C. phaecaulis, C. zedoaria, C. xanthorrhiza, C. mangga
amongst more than 120 Curcuma plants identified so
[14]
far . Commercially available purified compound is
also a mixture of curcumin Ⅰ (approximately 77%),
curcumin Ⅱ (approximately 18%) and curcumin Ⅲ
(approximately 5%).
Curcumin (diferuloylmethane), a poly-phenolic
molecule, exists as a keto-enol tautomer with the enol
isomer most likely the more stable in both solid and
[15]
liquid state . It is intensely yellow at acidic pH and
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Figure 1 Structure of curcuminoids: Curcumin Ⅰ, Ⅱ and Ⅲ. Adapted from Park et al[75]. New perspectives of curcumin in cancer prevention.

red at basic pH. This lipophilic and sparingly water
soluble molecule have two aromatic rings connected
by two unsaturated carbonyl groups. The molecule
is stabilized by hydrogen bond with the central
hydroxyl group. This is thought to be an important
functional site responsible for the property of free
radical scavenger and the array of other biological
[10,16]
activity
. It was a topic of long discussion whether
the amount of curcumin in turmeric or curry powder
is sufficient to show its biological activity. A study by
[17]
Tayyem et al , estimated the amount of curcumin
in a variety turmeric and curry powder by high
performance liquid chromatography technique. They
have found that pure turmeric contents the highest
concentration of curcumin (3.14% w/w) and different
commercial curry powder samples have relatively very
[17]
small amount of curcumin .
Curcumin has been the subject of hundreds of
published paper in more than last three decades which
includes it’s anti-oxidant, anti-inflammatory, anti[18]
carcinogenic and anti-microbial properties . Knowing
these properties of curcumin is the pre-requisite to
better understand its anti-H. pylori effect. Moreover
[19]
[19]
chemotherapeutic , chemo-preventive , hepatoprotective, nephro-protective, thrombosis suppressing,
hypoglycemic and anti-rheumatic effects of curcumin
[18]
are also well established .

Oxidative stress and oxidative damage play
important role in pathogenesis of many diseases, e.g.,
cardiovascular diseases, diabetes, neurodegenerative
diseases and cancer etc. Curcuminoids have been
shown to have the potential to scavenge free radical
and attenuate free radical mediated lipid peroxidation
[21]
in a number of experimental systems . Besides its
direct anti-oxidant property, curcumin may function
indirectly as anti-oxidant by inhibiting the activity of
inflammatory enzymes.

Anti-inflammatory property

Curcumin is known for its remarkable anti-inflam
matory effect. Its anti-inflammatory property is
comparable with the recognized steroidal and nonsteroidal anti-inflammatory drugs, e.g., Indomethacin
and Phenylbutazone which have dangerous side
effects. For example, curcumin considerably inhibits
carrageenan-induced paw edema in mice, acute
lung injury of rats by cyclophosphamide and other
inflammatory diseases (arthritis, ulcerative colitis
[12,22]
or pancreatitis) in different animal models
. It’s
anti-inflammatory mechanism is attributed through
inhibition of inducible nitric oxide synthase (iNOS),
Cycloxygenase-2 (COX-2), inhibition in production of
pro-inflammatory cytokines [IL-1, IL-6, IL-8, IL-12,
interferon γ (IFN-γ), tumor necrosis factor-α (TNF-α)
etc.], monocyte chemoattractant protein (MCP),
migration inhibitory protein (MIP) and down regulation
[11]
of mitogen activated and Janus kinases . Menon and
[23]
Sudheer have nicely reviewed the anti-inflammatory
property of curcumin. Several reports have indicated
that curcumin not only inhibits prostaglandins it also
inhibits lipoxigenase (LOX) activity. Inhibition of proinflammatory cytokines, COX-2 and iNOS are mainly
mediated via suppression of transcription factor
nuclear factor κB (NF-κB) and activating protein (AP-1).
Down regulation of intercellular signaling proteins
(e.g., protein kinase C) is another way in which
curcumin inhibits production of pro-inflammatory
[11]
cytokines . This molecular mechanism finally inhibits
cell proliferation, cell invasion and apoptosis causing

Anti-oxidant property

Besides its important nature of donating hydrogen
ions, curcuminoids also have a number of moieties
(phenolic hydroxyl group, methoxy group and 1,3
β-diketone) with a potential to neutralize reactive
oxygen intermediates. Curcuminoids can undergo
nucleophilic addition and imparts its anti-oxidant
property by a various, complex mechanism. These free
radical scavenging and anti-oxidant activity counteract
with reactive oxygen and nitrogen species and thereby
protects cells from oxidative damage. In alkaline
pH, curcumin is less stable but its stability markedly
increases in acidic pH. These explain why curcumin is
[15,20]
stable within the gastrointestinal tract (pH 1 to 6)
.
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suppression of carcinogenesis.

with numerous molecular targets associated with
[11]
inflammation . Curcumin was found to have an
astonishing power in anti-inflammatory response.
The natural anti-inflammatory activity of curcumin is
at par with steroidal drugs and non-steroidal drugs
(e.g., indomethacin and phenylbutazone) which
have harmful side effects. Its anti-inflammatory
property mediated through the inhibition of COX-2,
LOX, iNOS and production of cytokines such as IFN-γ
and TNF-α and activation of transcription factors like
NF-κB, and AP-1. Therefore, agents that interfere
signaling pathways involved COX-2 transcription
should also reduce inflammation and subsequently
tumorigenesis. Further study suggests that arachidonic
acid metabolites derived from LOX pathways plays a
significant role in signal transduction related to growth.
This implies that intervention of these pathways
should be useful for arresting cancer progression.
Curcumin also showed strong anti-oxidant and anticancer properties through regulating the expression of
genes that require the activation of activator protein
(AP1) and NF-κB. Suppression of TNF by curcumin
led to inhibition of NF-κB and cell proliferation, as
was the case when TNF secretion was neutralized
[23]
using anti-TNF antibody . As inflammation is closely
linked to tumor promotion, curcumin with its potent
anti-inflammatory property is anticipated to exert
chemopreventive effects on carcinogenesis. Antiinflammatory mechanisms implicated in the anticarcinogenic potential of curcumin includes: (1)
inhibition of NF-κB and COX-2 (increased COX-2 level
is associated with many types of cancer); (2) inhibition
of arachidonic acid metabolism via lipoxygenase and
scavenging of free radicals generated in this pathway;
(3) decreased expression of inflammatory cytokines
e.g., IL-1β, IL-6, and TNF-α, resulting in inhibition
cancer cells growth; and (4) down regulation of
enzymes for instance protein kinase C that mediate
[11]
inflammation and tumor-cell proliferation .
The anti-inflammatory property of curcumin hinders
carcinogenesis by inhibiting it’s all three stages e.g.,
initiation, promotion and progression, as documented
by animal research. During initiation and promotion
curcumin shows many of its activities. It starts
modulating transcription factors controlling phase
Ⅰ and Ⅱ detoxification of carcinogens; scavenges
free radicals and thereby free radical mediated
transcription factors, down regulates pro-inflammatory
cytokines and arachidonic metabolism (via COX and
LOX pathways). At promotion and progression stages
curcumin induces apoptosis via suppression of NF-κB
and AP-1 transcription factors and thereby decreases
[11]
the frequency and size of many types of tumors .
[15]
Irving et al
adequately described the signaling
pathways which are modulated by curcumin to
initiate apoptosis. Some properties of curcumin that
helps to recognize it’s anti-H. pylori effect are proapoptotic, prevention of angiogenesis, proliferation
and metastasis. Caspase activation or p53 signalling

Anti-carcinogenic property

Curcumin is well known for its anti-carcinogenesis
activity and plays important role in all stages of
cancer. Inflammation and carcinogenesis are broadly
interlinked. Inhibition of I-κB kinase is required to
inhibit potent inflammatory transcription factor NF-κB
which is also involved in progression of carcinogenesis.
Curcumin has the potential to decrease matrix metaloprotease activity which is thought to be a prognostic
[24]
marker of neoplasm . In in vitro studies, where
bioavailability is not an issue curcumin plays its
role like a master manipulator. It inhibits important
transcription factors and thereby decreases production
of pro-inflammatory cytokines which leads to reduced
inflammation and cell survival. Curcumin also
effectively prevented its anti-cancer activity in animal
models of oral, esophageal, stomach, duodenal and
[13]
colon cancer . Plenty of articles are available for
anti-cancer activity of curcumin. in vitro, pre-clinical
and clinical studies on anti-carcinogenic property of
[19]
curcumin was thoroughly reviewed by Sharma et al .

Anti-microbial property

Curcumin can suppress the growth of a variety of
parasite, bacteria and pathogenic fungi. It shows antimicrobial effect against Helicobacter pylori, Bacillus
[25]
subtilis, Plasmodium falciparum etc . In a study with
chick infected with caecal parasite Eimera maxima
showed that 1% dietary turmeric resulted in a
decrease intestinal lesions and improved weight gain.
Topically applied curcumin demonstrated its potential
anti-microbial effect against either dermatophytes,
pathogenic molds, or yeast in guinea pigs. Curcumin
also possesses a pro-microbial effect against Leishmania
[26]
and some species of Plasmodium .

WHY CURCUMIN SHOULD HAVE ANTI H.
PYLORI EFFECT?
H. pylori upon adhering to the gastric epithelial cells,
they inject their virulence factors by Type-Ⅳ secretion
system. Those virulence factors then activate different
signaling molecules to initiate a pro-inflammatory
response. H. pylori induced generation of pro-oxidants
and pro-inflammatory cytokines then causes apoptotic
cell death which leads to gastric mucosal damage.
In some cases this inflammation can also stimulate
carcinogenesis which resulted into gastric carcinoma.
In search for a plant derived anti-H. pylori molecule
one should obviously search for a compound which
have anti-oxidant, anti-inflammatory, anti-carcinogenic
and pro-apoptotic properties. The Indian solid gold
“Curcumin” have all these properties and that’s why
it is a fairly studied compound in H. pylori infection in
last two decades. Literature suggests that curcumin
is a highly pleiotropic molecule and able to interact
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ultimately induces apoptosis. Curcumin a potent
stimulator of caspase-3, can also increase the activation
[27]
of caspase-7, 8 and releases cytochrome-C . It
increases p21 expression in response to DNA damage
[28,29]
and induces p53 driven apoptosis
. Curcumin has
[30]
direct anti-angiogenic activity in vitro and in vivo by
inhibiting growth factors, growth factor receptors or
by modification of inflammatory mediators associated
with neovascularisation. Curcumin suppresses cell
proliferation in colorectal cancer by inhibiting TNFinduced NF-κB-dependent gene products (COX-2,
[31]
cyclin- D, c-myc) . It also inhibits NF-κB along with
other important proteins e.g., matrix metalloproteinase
9 (MMP-9), vascular endothelial growth factor (VEGF)
and intra-cellular adhesion molecule 1 (ICAM-1)
which are associated with proliferation, adhesion and
[15]
metastasis .
Several studies have demonstrated that H. pyloriinfection induces the secretion of MMPs from a range
of gastric cells in vivo as well as in cultured cells, which
in turn contribute to the pathogenesis of gastric ulcer
and gastric cancer. Docking analysis has confirmed that
curcumin derivatives have the potential to interact with
[32]
MMPs . So, it is assumed that curcumin should have
immense beneficial effect in H. pylori induced gastric
pathogenesis.

ethanol (cerulein) induced Rat pancreatitis model. In
1,4,6-trinitrobenzene sulphonic acid (TNBS) induced
mice colitis model, curcumin was found to decrease
mucosal injury. Pre-treatment of curcumin in mice
before TNBS induced colitis resulted in to a significant
inhibition of diarrhea, better colonic architecture,
significantly reduced neutrophil infiltration and lipid
[34]
peroxidation in colonic tissue .
Inflammation in directly linked with tumorigenesis.
Curcumin causes inhibition of NF-kB pathway and
thereby reduces inflammation. Other molecules which
thought to be responsible in gastric tumorigenesis
are rho effectors rhotekin (RTKN) and NF-kB are also
inhibited by curcumin. p21-activated kinase 1 (PAK1)
and different cell cycle regulators which can cause
rapid proliferation are also found to be reduced with
curcumin treatment in different gastric carcinoma cell
[33]
line . Curcumin and its analogues were well studied
with Intestinal cancers both in animal models as well
as in cell lines. Treatment of HCT-116 colon tumorbearing mice with curcumin resulted in reduced
[36]
tumor . In case of pancreatic cancer, curcumin was
found to be a good alternate anti-tumor agent alone
or in combination with other drugs. Treatment with
polymeric nanoparticle-encapsulated curcumin blocked
tumor growth and metastasis in xenograft models of
pancreatic cancer and liposomal curcumin diminish
the tumor growth in cultured pancreatic cancer cells
[33]
as well as subcutaneous xenografts . A number of in
vitro and in vivo studies with different cancers whether
it is gastrointestinal or other system indicates curcumin
can modulate multiple cellular signalling molecules and
[37]
thereby proved it’s immense therapeutic value .

CURCUMIN IN GASTROINTESTINAL
DISEASES
Due to easy administration through oral route or
relatively fair bioavailablity, curcumin has widely
been studied in different gastrointestinal aliments.
Its anti-inflammatory property was studied from
microbial gastric infection, inflammatory disease and
[11,33]
several gastrointestinal cancers
. Curcumin has
been proved to be effective in many gastrointestinal
diseases, e.g., irritable bowel syndrome (IBS),
[34]
dyspepsia, gastric ulcer, pancreatitis , ulcerative
colitis and gastrointestinal cancers.
It is established that low grade inflammation is
responsible for symptoms, e.g., bloating, abdominal
pain, flatulence, irregular bowl movement in IBS. In
a pilot study with IBS patients, standard curcumin
[11]
extract reduced the symptoms in 60% patients .
[35]
Prucksunand et al
in a phase Ⅱ clinical trial have
evaluated the effectiveness or healing property of
turmeric (Curcuma longa) in patients with dyspepsia
and peptic ulcer. Patients who have no detectable
ulceration but have symptoms e.g., erosions, gastritis,
and dyspepsia were treated with turmeric (600 mg
curcumin five times daily before meals). Curcumin
treatment up to 2 wk improves the symptoms. Patients
with endoscopically diagnosed ulceration were treated
up to 12 wk and a gradual improvement was observed
[35]
depending upon the severity in almost 76% cases .
Curcumin is also found to be effective in decreasing
inflammatory mediators in ethanol induced or non-
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CURCUMIN AND ANTI-H. PYLORI EFFECT
From long before it is anticipated that curcumin which
is a potent anti-inflammatory and anti-carcinogenic
molecule should have anti-H. pylori effect (as the
reasons discussed above). First report on direct anti-H.
[38]
pylori effect came in the year of 2002 . Subsequently,
ex vivo, in vivo and even clinical trials have been
completed to establish curcumin as a potential the
rapeutic candidate against H. pylori infections (Table 1
[7,8,38-47]
and Figure 2)
.

In vitro studies

Considering the strong association of H. pylori and
gastric cancer the authors of the study by Mahady
[38]
et al
hypothesized that curcumin may exerts its
chemopreventive activity by directly inhibiting H.
pylori. They have showed that both curcumin and
methanolic extract of turmeric rhizome inhibited the
growth of 19 different strains of H. pylori (including
cag positive isolates). MIC50 and MIC90 of the turmeric
rhizome extract were 12.5 μg/mL and 25 μg/mL
respectively where as curcumin at a concentration of
12.5 μg/mL inhibited 100% growth of all strains with
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Table 1 Anti-Helicobacter pylori effect of curcumin
Year of report Model of the study

Concentration/doses used

Observations and conclusion

Ref.

1997

In vitro co-culture

20 μmol/L

[39]

2002

In vitro

0.78-100 μg/mL

2004

In vitro co-culture

Up to 80 μmol/L

2006

In vitro

16 μg/mL

Demonstrates H. pylori mediated inflammation or IL-8 secretion requires
NF-κB activation. Anti-oxidant curcumin can inhibit NF-κB activation and
thereby IL-8 secretion. NF-κB activation requires a secreted H. pylori product,
which is not secreted by strains mutated in picB/cagE (putative transport
protein)
Methanol extract of turmeric rhizome and curcumin, both have the MIC
within 6.25-50 μg/mL and more effective against cag (+ve) strains
H. pylori-induced NF-κB activation and subsequent IL-8 induction and
mitogenic response (cell scattering) are inhibited by curcumin. It can inhibit
IκBα degradation, activity of IκB kinases (IKKα and β) and NF-κB DNAbinding but cannot suppress mitogen-activated protein kinases (P38MAPK or
ERK1/2)
Curcumin inhibited H. pylori shikimate dehydrogenase with an IC50 values of
15.4 μmol/L. Curcumin also found to inhibit the growth of H. pylori with MIC
at 16 μg/mL
Found to be not effective in eradicating H. pylori infection. However, despite
the presence of bacterium, a significant improvement of dyspeptic symptoms
and reduction of serologic signs of gastric inflammation were observed after 2
mo completion of treatment
Potential In vitro anti-H. pylori effect of curcumin re-established, which was
irrespective of the genetic makeup of the strains used. Although due to less
bioavailability, curcumin’s minimal inhibitory concentration In vitro is high
(most strains are within 10-30 μg/mL range), but still showed its efficiency
in eradicating H. pylori from infected mice along with restoration of H. pylori
induced gastric damage. This study also showed that curcumin-mediated
inhibition of H. pylori growth possibly not associated on shikimate pathway
Non-bactericidal concentration of curcumin failed to inhibit adhesion
of H. pylori to epithelial cells but down-regulated H. pylori-induced
activation induced cytidine deaminase (AICD, an enzyme which may cause
tumorigenesis) expression possibly via inhibition of NF-κB pathway
H. pylori eradication rate with curcumin (5.9%) was very poor against
conventional triple therapy (78.9%). Triple therapy significantly decreases
IL-8 expression but no inhibition was observed in curcumin group
Curcumin supplementation exhibits its anti-inflammatory effect by decreasing
macromolecular leakage through the suppression of NF-κB p65 expression
in gastric epithelium. Curcumin reduces the H. pylori induced gastric
inflammation in rat model
Elevated levels of MMP-3 and -9 in cultured cells or gastric tissues of mice due
to H. pylori infections are inhibited by curcumin. Curcumin is more efficient
in re-stabilizing the distorted balance between MMPs and TIMPs than triple
therapy, suggests curcumin’s immense therapeutic potential
Purpose was to develop and characterize mucoadhesive microspheres of
curcumin for treatment of H. pylori mediated gastric aliments. Drug release
was found to be slower than free curcumin. Prolonged stomach residence of
this molecule is expected to completely eradicate H. pylori infection with other
anti-microbials
Curcumin treatment exhibited a significant anti-inflammatory role in H. pyloriinfected gastric mucosa. Inflammatory mediators (cytokines, chemokines, tolllike receptors and MyD88) which are up regulated with H. pylori infection,
has been decreased with curcumin. No sign of inflammation was observed in
curcumin treated group

2007

Pre-clinical trial with Curcumin 30 mg b.i.d. for
25 H. pylori infected
7d
patients

2009

In vitro and in vivo
mice model

5-50 μg/mL and 25 mg/kg
BW (once daily for 7 d)
respectively

2009

In vitro co-culture

5 and 10 μmol/L

2010

2010

2011

2014

2015

Pre-clinical trial with 700 mg orally three times a
36 H. pylori infected
day for 4 wk
patients
In vivo rat model
200 or 600 mg/kg BW

In vitro co-culture
and in vivo mice
model

60 μmol/L and 25 mg/kg
or 50 mg/kg BW (once
daily for 7 d) respectively

Bioinformatics
Mucoadhesive
tools/software based microspheres of curcumin
analysis

In vivo mice model

500 mg/kg three times a
week, for 6 and 18 wk

[38]
[40]

[41]

[42]

[7]

[43]

[44]

[45]

[8]

[46]

[47]

MMPs: Matrix metalloproteinases; H. pylori: Helicobacter pylori; NF-κB: Nuclear factor-κB; BW: Body weight.

a MIC range from 6.25-12.5 μg/mL. Later, a study
by our group with a large number of clinical isolates
(n = 65) was also found to be in agreement with
regard to MIC result. We have reported that MIC of
curcumin ranged from 5 μg/mL to 50 μg/mL and the
majority of the strains (81%) showed a MIC of either
[7]
10 μg/mL (23%) or 15 μg/mL (58%) . To understand
the reason of this wide range in sensitivity, we have
examined sequence uniformity of aroE gene encoding
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sikimate dehydrogenase (SDH) of H. pylori which is
involved in shikimate pathway known to play crucial
role in developing non-toxic antimicrobial agents.
Although curcumin is a potent inhibitor of SDH, we
were unable to establish any correlation in between
aroE sequence and MIC of curcumin towards H. pylori.
These results clearly confirmed that curcumin acts as
a potent growth inhibitor for Indian H. pylori strains
irrespective of different genetic makeup and disease
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H. pylori
Anti-microbial
Secreted
molecules

Anti-oxidant

NF-kB
AICD

Curcumin

IL-8
MMP-3
MMP-9

Anti-inflammatory

Anti-carcinogenic
Epithelia cells
(In vitro or in gastric mucosa)

Figure 2 Role of curcumin in Helicobacter pylori infection. Important properties of curcumin which probably helps host cells in H. pylori infection are anti-oxidant,
anti-inflammatory and anti-carcinogenic. Other than its direct anti-H. pylori effect (anti-microbial) curcumin inhibits H. pylori induced NF-κB, AICD, IL-8, MMP-3 and
MMP-9 in host epithelial cells and thereby protects from inflammatory response (may sometime leads to host cell apoptosis). MMPs: Matrix metalloproteinases; IL:
Interleukin; H. pylori: Helicobacter pylori; NF-κB: Nuclear factor-κB; AICD: Activation induced cytidine deaminase.
[7]

status .

potential as an alternative therapy against H. pylori
[7]
infection .

In vitro co-culture and in vivo studies

Effect on MMPs

The mouse model of H. pylori infection has been
extensively used in investigations of host responses
to H. pylori infection as well as in eradication studies.
In our study, we have shown that curcumin treatment
completely eradicated H. pylori from infected mouse
stomach. This eradication by curcumin was irrespective
of the bacterial genotype, which is independent of
the presence of the cag PAI. Histological analysis
clearly showed that curcumin is remarkably effective
in repairing damaged tissue. Our microscopical
observations revealed substantial damage in the
mouse gastric tissues infected with H. pylori in
comparison to the control. Intact epithelial layer and
glandular cells with continuous gastric pits in control
gastric mucosa have damaged by denudation of the
surface epithelial layer in H. pylori an infected mouse
gastric tissue which was almost restored to normal
upon treatment with curcumin. Inflammation in the
gastric pit cells of infected tissue was significantly
reduced by curcumin treatment. Disruption of sub
mucosal, muscularis mucosal layers and Glandular
atrophy of infected mouse gastric tissues was also
considerably recovered by curcumin treatment.
Negligible inflammatory cells in the control tissue
infiltered more in the submucosal region of H. pyloriinfected mouse gastric tissues and was prevented to a
[7]
significant degree in curcumin-treated mice . Hence,
these results pointed towards that high efficacy of
curcumin in healing the overall damage caused by H.
pylori infection. These observations not only indicate
the therapeutic potential of curcumin against H. pylori
infections but also highlight the anti-inflammatory
effect of curcumin and also draw our attention to its
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MMPs are a family of various zinc dependant endo
peptidases that have wide substrate specificity
and play a critical role in a variety of physiological
processes including tissue inflammatory processes,
remodeling, wound repair and organ development.
Among them, gelatinases (MMP-2 and MMP-9) and
stromelysin-1 (MMP-3) collectively cleave gelatins
(types Ⅰ and Ⅴ), collagens (type Ⅳ, Ⅴ, Ⅶ, Ⅸ and Ⅹ),
elastin, fibronectin, laminin and proteoglycan core
[8]
proteins . Apart from curcumin’s antioxidant, antiinflammatory, anti-microbial and anti-carcinogenic
properties, it has been shown to target a number of
molecules like cytokines, growth factors, transcription
factors and enzymes including MMPs, that are involved
[32]
in the etiology of diverse diseases . Several studies
have demonstrated that H. pylori-infection induces the
secretion of MMPs from a variety of gastric cells in vivo
as well as in cultured cells, which in turn contributes to
[8]
the pathogenesis of gastric ulcer and gastric cancer .
Since MMP-3 and -9 play a critical role in gastric
ECM degradation during H. pylori induced patho
genesis, and are associated with various carcinomas
including gastric cancer, attenuation of their increased
secretion and synthesis is crucial for restoration of the
gastric damage caused by H. pylori infection. In our
recent study, we have tested the effect of curcumin
on the activity of MMP-3 and -9 during protection
against H. pylori infection in cultured cells and mice.
We have also compared the efficiency of curcumin
and conventional TT in stabilizing the balance between
[8]
MMPs and its inhibitor . It was the first report where
we have confirmed that curcumin dose dependently
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[45]

suppressed the increased secretion of MMP-3 and
MMP-9 in H. pylori infection. The more interesting
part was that secreted MMP-3 and -9 were inhibited
90% by curcumin while 50% by TT and antibiotic
alone. We demonstrate that curcumin, apart from
eradication of H. pylori strains from infected mice,
regulated the expressions and activities of MMP-3
and -9 in the gastric tissues. Furthermore, curcumin
was highly effective in restoring the denudation of
epithelial region, disruption in gastric mucosal layer and
infiltration of inflammatory cells that occurred due to
H. pylori infection in mouse gastric tissues. Curcumin
is more effective than TT in restabilizing the altered
balance between MMPs and TIMPs during protection
against H. pylori-infection. This curcumin mediated
down regulation of MMP-3 and -9 levels in H. pyloriinfected mice and cultured cells suggest its immense
therapeutic potential against H. pylori associated
gastrointestinal diseases.

H. pylori infection . Authors in that study have also
described that supplementation of curcumin helped in
suppression of macromolecular leakage. In a very recent
study with mouse model also corroborate that curcumin
treatment exerted a significant anti-inflammatory
response in gastric mucosa. In treatment group, no
sign of inflammation and decreased expression of
different inflammatory mediators were demonstrated
[47]
by histology . H. pylori induced activation of signaling
molecules e.g., mitogen-activated protein kinases
(MAPK), extracellular signal-regulated kinases (ERK1/2)
[26]
and p38 are not inhibited by curcumin
but inhibition
potential of NF-κB and cell scattering justifies therapeutic
properties of curcumin in H. pylori-associated stomach
[40]
ailments .

Effect on activation induced cytidine deaminase

Activation induced cytidine deaminase (AICD) is an
enzyme encoded by aicd gene in human which creates
mutations in DNA by deamination of cytosine base
by turning it into uracil. This also creates immune
diversity by inducing somatic hypermutations and
class-switch recombinations in human immunoglobulin
genes. By somatic mutation in several host genome of
nonlymphoid tissues like TP53 tumor suppressor gene
[43]
it can cause tumorigenesis . An unusual expression
of AICD in H. pylori infected gastric epithelial cells is
[49]
induced by NF-κB . NF-κB-regulated gene products
e.g., AICD, have found to be been closely associated
with H. pylori-induced gastric carcinogenesis. Therefore,
agents that inhibits NF-κB pathway might have potential
[43]
in preventing H. pylori-related tumorogenesis . Study
[43]
by Zaidi et al
tested the effect of curcumin on the
expression of AICD in H. pylori-infected gastric epithelial
cells and the role of NF-κB. They have demonstrated,
low concentration of curcumin down regulates H. pylori
induced AICD expression possibly by inhibiting NF-κB
pathway in MKN-45 cells. Consequently, this study
also suggested that curcumin can serve as potentially
alternative treatment option.

Effect on NF-κ B signaling and inflammation

NF-κB plays an essential role in regulating human
immune response. It is normally present as a cytosolicinactive form, and upon stimulation by a huge varity
of pathogenic agents (bacterial, viral or others),
inflammatory cytokines, UV or γ-irradiation, NF-κB
is activated. Those stimulants help phosphorylation
and ubiquitination of the inhibitory subunit IκB, which
leads to the release of NF-κB dimer. Released NF-κB
dimer then rapidly translocates into the nucleus,
where it activates transcription of target genes e.g.,
IL-1, IL-6, IL-8, TNF-α as well as other cytokines,
IFNs, cell adhesion molecules and hemopoietic growth
[39]
factors . NF-κB is known to be inhibited by many
[48]
anti-oxidants
and therefore, curcumin which have a
strong anti-oxidant property can be considered as an
inhibitor of this nuclear factor in H. pylori infection.
[39]
Münzenmaier et al
first reported the activation
of NF-κB by H. pylori infection in gastric epithelial
cells. They have demonstrated that ability to produce
IL-8 by a variety of H. pylori strains correlates with
the activation of NF-κB. IL-8 production requires
NF-κB activation, and prevention by the anti-oxidant
curcumin leads to suppression of cytokine production.
Unlike many Gram-negative bacteria H. pylori does not
use LPS to activate NF-κB, instead they use a secreted
[39]
bacterial product .
[40]
Later, Foryst-Ludwig et al described how curcumin
blocks NF-κB and thus reduces gastric inflammatory
response. Curcumin, a known inhibitor of AP-1, blocks
the synthesis of H. pylori induced IL-8 production and
inhibited the H. pylori-induced cell scattering in the
gastric epithelial cells. Cucumin have the ability to reduce
v-Src activity which might prevent Phosphorylation
of cytotoxicity associated immunodominant antigen
[40]
(CagA) . The phenomenon of curcumin’s effect
on inhibition of NF-κB and alleviating inflammatory
response was also found to be effective in rat model of
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TREATMENT OUTCOME IN PATIENTS
WITH H. PYLORI INFECTION
A number of in vitro (direct and with cell line infection)
and in vivo (mouse and rat) studies (as described
above) have encouraged some investigators to
examine further in a group of patients with H. pylori
[42]
induced gastric aliments. Di Mario et al have carried
out first human trial of curcumin based therapy in a
group of 25 patients with functional dyspepsia and H.
pylori infection. Patients were treated with curcumin,
other anti-oxidants and proton pump inhibitor for 7 d.
Two months after treatment completion, it was found
that only 3 out of 25 patients were cured from H. pylori
infection. In rest of the cases, despite the persistence
of H. pylori, a significant improvement of dyspeptic
symptoms and decrease in serological parameters of
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gastric inflammation were demonstrated. In another
study, 36 clinically confirmed H. pylori infected chronic
gastritis patients were randomly assigned in two
groups to receive either OAM (Omeprazole, Amoxicillin
[44]
and Metronidazole) or course of curcumin . In that
study, patients who were randomly assigned OAM
group were significantly more efficient in eradication
of H. pylori than curcumin (78.9% vs 5.9%). A
significant decrease in IL-8 mRNA was observed in
OAM group but no changes in other cytokines were
found. On the other hand no decrease in cytokine
[44]
production was found with curcumin treatment .
From the above discussion it is understandable that
although curcumin was found highly effective in in
vitro and animal study, some contradictory and less
effective results were reported in patients with H.
pylori infection. This low efficacy could be due to less
solubility and bioavailability of curcumin in human.
Further studies are needed to understand the toxicity
and bioavailability of curcumin in greater details along
with the search for appropriate steps to have more
safe and bio-available drug.

The bioavailability depends on absorption, metabolism,
tissue distribution and excretion of that compound.
Studies over the past few decades have established
that curcumin undergoes poor absorption, fast meta
bolism and rapid clearance which severely reduced
[50]
it’s bioavailability. Early study by Wahlstrom et al
showed that almost 75% of the dose (1 g/kg BW)
was excreted in the faeces of rats and proved that
curcumin is poorly absorbed in the gut.
A study of oral curcumin administration (400 mg)
to rats demonstrated 60% absorption of curcumin,
absence of any traces in heart blood and as a small
amount (less than 5 μg/mL) was found in portal
[52]
blood . Same investigators, using tritiated curcumin
showed majority of the oral dose being excreted
in faeces, including one-third dose was excreted
[53]
unchanged . Pharmacokinetics of curcumin was also
studied in mice either orally or intraperitonealy (ip)
[54]
by Pan et al . With oral administration of 1 g/kg of
curcumin, low plasma level (0.22 μg/mL) was obtained
at 1 h which was declined below the detection limit as
soon as after 6 h. Although some studies have reported
different results but all are in agreement that curcumin
exhibits low bioavailability. In rodents it undergoes
[18]
intestinal metabolism and excreted rapidly . Result
from pilot studies and phase Ⅰ clinical trial confirmed
first-pass and some degree of intestinal metabolism
of curcumin, specially glucuronidation and sulphation,
[19]
which explain curcumin’s low bioavailability . The
liver and intestinal mucosa were found to be the
major organs responsible for metabolism of curcumin.
Tissue distribution studies for curcumin showed its
better accumulation in the intestine, liver, and colon
and might be the most important cause why its
most promising in vivo effects have been found in
gastrointestinal diseases when compared with other
[33]
organ systems . H. pylori mediated gastrointestinal
ailments can be treated with curcumin and the above
phenomenon is the rationale behind its potential.

Toxicity

It is always essential to carefully evaluate the toxicity
of any compound in preclinical and early clinical
studies. We can’t assume plant derived product
which have been continuously in dietary use will be
always harmless, as the doses may exceed or the
formulation could differ. Early studies in rat model
have demonstrated no significant toxicity at doses
[50]
upto 5 g/kg body weight (BW) when given orally .
The safety issues have been lucidly elaborated in
a review “Curcumin: The story so far” by Sharma
[19]
et al . One more organized pre-clinical study by
prevention division of National Cancer Institute (NCI,
US) did not find any side effects/toxicity in rat, dogs or
monkeys using the doses upto 3.5 g/kg BW for 3 mo.
Although, some infrequent adverse reactions (e.g.,
gastrointestinal upset or ulcerogenic response) reported
were either spontaneously healed or not confirmed by
subsequent studies. Some NCI reports confirmed this
gastrointestinal disturbances in patients with different
[19]
curcumin doses (0.45-3.6 g/d) . Conversely, in
another study where patients with advanced colorectal
cancer were treated with curcumin upto a dose of
[51]
3.6 g daily for 4 mo and found to be well tolerated .
Moreover, three different phase Ⅰ clinical trials showed
that curcumin is extremely safe and well tolerated
[18]
at very high doses (12 g/d) . This pharmacological
safety and potential efficacy have prompted inves
tigators for further analysis.

Effort to manage the bioavailability issue

Various classical techniques e.g., heat, pH, and
complexations with metal ions, polymers or serum
have been applied for enhancement of curcumin
solubility and efficacy. It has been claimed that the
solubility of curcumin can be increased by 12 fold
[55]
by the use of heat . Some novel approaches to
overcome curcumin’s less bioavailability are adjuvants
(which can block metabolic pathway of curcumin),
effective delivery system e.g., phospholipid complexes,
liposomes, micelles, and nanoparticles.

Use of adjuvants

Pharmacokinetics, bioavailability and problems

An adjuvant is a compound that enhances an existing
medical regimen, as a pharmacological agent added
to a drug to increase or aid its effect. Glucuronidation
of curcumin is known to cease its effect. Metabolic
conversation of curcumin can be inhibited by an

Even though the toxicity study of curcumin assures an
immense possibility for treatment and prevention of a
variety of diseases, the relatively low bioavailability of
curcumin is the main difficulty in drug development.
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adjuvant Piperine, a known inhibitor of hepatic and
intestinal glucuronidation. Concomitant use of curcumin
with piperine increased the bioavailability of curcumin
[56]
by 154% in rats and 2000% in human volunteers .
Other adjuvants which showed synergistic effect when
[57]
used in combination with curcumin are quercetin ,
[58]
[59]
genistein and Eugenol/terpeneol .

agents like curcumin evading the drawbacks of poor
aqueous solubility. Nanocurcumin has found to have
more anti-inflammatory property and gives more
[67-69]
protection to oxidative stress and apoptosis
. Main
aim for using nanocarcumin is to have more dispersed
[70,71]
and available curcumin in aqueous solution
. Use of
nanocurcumin in different cancers is now a matter of
regular discussion due to its better efficacy than native
[67,72]
curcumin
. Oral bioavailability has been increased
by 9 fold with nano-delivery system than piperine
adjuvant administration. PLGA (polylactic-co-glycolic
acid) nano formulation of curcumin have shown
increased bioavailability upto 22 fold in rat model than
[73]
free curcumin . Better efficacy and solubility was
described in a number of cancer cells and pre-clinical
[74]
studies but yet to analyze in H. pylori infection.

Derivatives and analogues

Structure of curcumin plays crucial role in determining
its biological activity. As a result, several attempts have
been made using curcumin derivatives/analogue with a
number of achievements. EF-24, a curcumin analogue,
was reported to be a lead compound presenting
increased anti-tumor activity both in vitro and in
[60]
[61]
vivo in comparison to curcumin
and less toxic .
EF-24 showed its higher bioavailability than curcumin
[18]
of 60% and 35% with oral and ip respectively .
[18]
A review
from a well known group, working with
curcumin’s biochemical property, has lucidly explained
different reports where investigators have studied
different complexes of curcumin (e.g., copper, boron,
manganese, vanadyl, indium and gallium complexes).
Lead complexes may be tested for anti-H. pylori effect.

CONCLUSION
In different model systems and pre-clinical trials,
curcumin has been widely studied for the treatment
of various cancers; amongst them gastrointestinal
[13,75]
cancer is mostly highlighted
. Considering the
strong association between gastric cancer and H.
pylori infection, different investigators in the world
have examined the effect of curcumin in last two
decades. Although we have got some beneficial to
more promising results, still the use of curcumin in this
bacterial infection is not in practice. Curcumin showed
its potential mostly in in vitro studies or in small
[7,8,38,39]
animals
. Long-term in vivo or pre-clinical studies
[42]
are either very less or not that much effective . Low
solubility, poor absorption and less bioavailability are
probably the key reasons for this ineffectiveness. Since
curcumin have efficient anti-H. pylori effect, cheap
and easily available in developing countries like India,
additional studies are necessary, with large number of
subjects to establish curcumin as an easy therapeutic
solution for a potentially complicated infections.
Mostly studied and capable promising curcumin
complexes (e.g., EF-24, phospholipid complexes,
nano-formulations, use of adjuvants, micelles or
liposomes) should be examined with regards to anti-H.
pylori effect in a stepwise manner from in vitro to in
vivo studies up to pre-clinical trials. This well controlled
and organized research will help to identify the
appropriate derivative or analogue of curcumin which
can be effectively used in H. pylori infection. Future
studies will elucidate more critical signaling molecules
involved in H. pylori infection and better analyze
the role of curcumin. This understanding along with
progress in personal genome based risk analysis may
help us to select appropriate curcumin formulation for
particular patient populations. We can hope that in
near future curcumin, either alone or in combination
with other anti-microbial, could be considered as a
potential chemopreventive agent against H. pyloriinduced gastric carcinogenesis.

Phospholipid complexes, liposomes and micelles

Curcumin phospholipid complexes exhibited better
bioavailability, pharmacokinetics and hepato-protective
property than free curcumin as describes by several
[32]
researchers . In a study with rat model of oral admi
nistration, curcumin phospholipid complex showed
[62]
1.5-fold more half-life over free cucumin . A threefold
high aqueous solubility and better efficacy in rat model
[63]
was reported by Maiti et al .
Some important delivery system e.g., liposomes
and micelles are also effectively used to study effect of
curcumin. Liposomes are known drug delivery system
due to the property of carrying both hydrophilic and
[64]
hydrophobic molecules. Li et al
demonstrated that
liposomal curcumin inhibits the growth of human
pancreatic carcinoma cells and tumor angiogenic
properties. Several other studies have reported the
efficacy of liposomal curcumin in colorectal cancer
or lymphoma cells but a controlled in vivo study is
essential to check the effect of its bioavailability. On
the other hand, use of micelles increases the solubility
[65]
of curcumin in a number of systems. Letchford et al ,
showed a stiff increase in curcumin solubility using a
polymeric micelle. Micelles inhibited curcumin uptake
by liver/spleen, and also increased the distribution of
[66]
curcumin in the other organs (e.g., lung and brain) .

Use of nanoparticles

Recently use of nanoparticle has been come out as
a possible solution of compounds with compromised
bioavailability. Nanoparticle-based delivery systems
will most likely be appropriate for very hydrophobic
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REVIEW

Impact of non-oncological factors on tumor recurrence
after liver transplantation in hepatocellular carcinoma
patients
Xiang-Qian Gu, Wei-Ping Zheng, Da-Hong Teng, Ji-San Sun, Hong Zheng

Abstract

Xiang-Qian Gu, Organ Transplant Center, The First Central
Clinical College, Tianjin Medical University, Tianjin 300192,
China

Hepatocellular carcinoma (HCC) is the most common
primary neoplasm of the liver and is one of the
leading causes of cancer-related death worldwide.
Liver transplantation (LT) has become one of the
best curative therapeutic options for patients with
HCC, although tumor recurrence after LT is a major
and unaddressed cause of mortality. Furthermore,
the factors that are associated with recurrence are
not fully understood, and most previous studies have
focused on the biological properties of HCC, such as
the number and size of the HCC nodules, the degree
of differentiation, the presence of hepatic vascular
invasion, elevated serum levels of alpha-fetoprotein,
and the tumor stage outside of the Milan criteria. Thus,
little attention has been given to factors that are not
directly related to HCC (i.e. , “non-oncological factors”),
which have emerged as predictors of tumor recurrence.
This review was performed to assess the effects of nononcological factors on tumor recurrence after LT. The
identification of these factors may provide new research
directions and clinical strategies for the prophylaxis and
surveillance of tumor recurrence after LT, which can
help reduce recurrence and improve patient survival.
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Core tip: Liver transplantation (LT) has become one
of the best curative therapeutic options for patients
with hepatocellular carcinoma (HCC). This review
discusses the effects of non-oncological factors on
tumor recurrence after LT in patients with HCC.
These non-oncological factors include the use of
immunosuppressive agents, transplant type, hepatitis
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[6]

University of California, San Francisco criteria , the
[7]
up-to-seven criteria (the new Milan criteria) , and
[8]
the Hangzhou criteria . Although several of these
selection criteria are not evidence-based, they still play
an important role in reducing recurrence and improving
post-LT survival. However, non-oncological factors
can also predict recurrence, and these factors include
the tumor’s location and the systemic response to its
expansion, although the studies that reported these
associations typically lack accurate conclusions and
an overall understanding of HCC. Furthermore, nononcological factors can be classified as either modifiable
or non-modifiable, and further studies are needed to
examine which non-oncological factors can be modified
to delay post-LT tumor recurrence. Therefore, we
have reviewed the clinical and experimental evidence
regarding the relationships between non-oncological
factors and post-LT recurrence among patients with
HCC.

virus infection, recipient characteristics, and graftrelated factors. Our review provides new research
ideas and clinical strategies for the prophylaxis and
surveillance of post-LT tumor recurrence, and can
help the reader improve their management of, and
outcomes among, patients with HCC after LT.
Gu XQ, Zheng WP, Teng DH, Sun JS, Zheng H. Impact of nononcological factors on tumor recurrence after liver transplantation
in hepatocellular carcinoma patients. World J Gastroenterol
2016; 22(9): 2749-2759 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i9/2749.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i9.2749

INTRODUCTION
After > 50 years of research, liver transplantation
(LT) has been adopted as the final curative option for
many kinds of end-stage liver disease. After reviewing
the history of LT, we found that its application in
hepatocellular carcinoma (HCC) is typically considered
in the context of specific disease stages. However, the
selection of LT usually takes a tortuous course, which
often includes a preliminary attempt with unrealistic
expectations, failure to fulfil these expectations,
reconsideration of the approach, and ultimately ac
ceptance that the LT had failed. Clinical practice data
indicate that tumor recurrence after LT is the leading
factor that affects the prognosis of patients with HCC
who undergo LT, and standardizing the indication
criteria is an effective measure for improving post-LT
outcomes. Nevertheless, Western countries that strictly
follow these criteria also have an estimated recurrence
[1]
rate of 15%-20% . Therefore, improving the post-LT
prognosis among patients with HCC remains a major
challenge.
As both the tumor and the entire liver are removed
during LT to minimize the tumor load, this procedure is
fundamentally different from hepatectomy. However, LT
outcomes are influenced by various “non-oncological”
factors, which include long-term immunosuppressive
therapy, the degree of graft preservation, and the
characteristics of the donor liver. Previous studies
regarding the mechanism for recurrence after LT
have mainly focused on the biological properties
of HCC, such as the number and size of the HCC
nodules, the degree of differentiation, the presence
of hepatic vascular invasion, elevated serum levels
of alpha-fetoprotein (AFP), and the tumor stage
[2]
outside of the Milan criteria . Research regarding
these oncological factors has achieved outstanding
results, and has demonstrated that postoperative
recurrence is independently predicted by the degree
of differentiation, the presence of hepatic vascular
[3,4]
invasion, and elevated serum AFP levels . Therefore,
transplant centers use formulated selection criteria to
[5]
guide clinical practice, such as the Milan criteria , the
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ROLE OF IMMUNOSUPPRESSIVE AGENTS
AND THE IMMUNOLOGICAL STATE
There is a general consensus that pharmacological
immunosuppression or a poor immunological state
negatively affects post-LT outcomes of HCC and
[9]
increases the risk of postoperative recurrence . In this
context, the innate immune system normally locates
and destroys circulating clusters of tumor cells in the
early HCC stages and prevents HCC progression.
However, the administration of high-dose post-LT
immunosuppressive agents reduces innate immune
[10]
activity and contributes to tumor recurrence ,
which has been confirmed via clinical, in vitro, and
[11]
animal data . Studies have also demonstrated that
calcineurin inhibitors (CNIs) reduce interleukin (IL)-2
expression and increase transforming growth factor
(TGF)-β1 expression, which inhibits IL-2-stimulated
T-cell proliferation. In addition, TGF-β1 suppresses the
natural killer cell-mediated anti-tumor response and is
[12,13]
associated with metastases
. Several studies have
also demonstrated that higher CNI doses are correlated
with a higher risk of HCC recurrence and lower post-LT
[10,14,15]
overall or recurrence-free survival rates
. A
random and homogeneous cohort study recently
reported a reduced HCC recurrence rate after receiving
only the minimum CNI dose during the first post-LT
month, with or without other immunosuppressive
[10]
drugs . Furthermore, a 10 ng/mL dose of tacrolimus
(TC) increased the risk of HCC recurrence, which
[14]
confirms the findings of an earlier study . However,
the exact mechanism for TC-induced immune system
impairment, and its possible relationship with tumor
recurrence, remains unclear. The aforementioned study
also demonstrated that the concomitant use of steroids
(even high-dose boluses) for treating LT rejection
did not increase the risk of disease recurrence after
[10]
LT among patients with HCC . Moreover, Vivarelli
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Table 1 Studies with different basal immunosuppression schedules for patients with hepatocellular carcinoma after liver
transplantationv
Ref.

Year

Immunosuppressor type

Evaluated parameters

Recurrence rate

P value

Rodríguez-Perálvarez et al[10]
Vivarelli et al[16]
Vivarelli et al[14]
Menon et al[21]
Cholongitas et al[22]

2013
2005
2008
2013
2014

CNI
CSA
TAC
SRL and CNIs
CNIs and mTORi

Low exposure 1st vs high exposure 1st
Low exposure vs high exposure
Low exposure vs high exposure
SRL vs CNIs
CNIs vs mTORi

27.7% vs 14.7% at 5 yr
0% vs 33.3%
9.1% vs 50%
4.9%-12.9% vs 17.3%-38.7%
22% vs 44%

0.007
< 0.001
0.001
NA
< 0.050

CNI: Calcineurin inhibitors; CsA: Cyclosporine A; TAC: Tacrolimus; SRL: Sirolimus; mTORi: The mammalian target of rapamycin inhibitors; NA: Not
analyzed.

[16]

et al
also reported that HCC recurrence was not
related to the cumulative steroid dose, although it was
associated with cyclosporin A exposure. Nevertheless,
the small sample size and short-term follow-up of that
study limits the ability to interpret whether high-dose
steroids might affect HCC recurrence after LT, and
further studies are needed to clarify this issue.
Inhibition of the mammalian target of rapamycin
(m-TOR) protein provides effective anti-tumor ac
[17,18]
tivity
, and different mouse models have revealed
that rapamycin inhibits cancer by blocking angiogenesis
via the impairment of vascular endothelial growth
factor (VEGF) production and VEGF-induced vascular
[19,20]
endothelial cell stimulation
. In the clinical setting,
m-TOR inhibitors (m-TORis; which include both sirolimus
and everolimus) are considered immunosuppressive
agents that can reduce tumor recurrence among
patients with HCC who are undergoing LT. Menon
[21]
et al
performed a systematic review and metaanalysis and concluded that, compared to CNI-treated
patients, sirolimus-treated patients exhibited a lower
recurrence rate and longer recurrence-free survival
and overall survival (OS). A study by Cholongitas et
[22]
al
in 2014 also demonstrated that patients who
were treated using CNIs developed HCC recurrence
significantly more frequently than patients who were
treated using m-TORis (P < 0.001), although the CNItreated patients exhibited more frequent recurrence
using the Milan criteria (74% vs 69%) and lower
rates of microvascular invasion, compared to m-TORitreated patients (22% vs 44%) (P < 0.05). These
studies’ findings indicate that m-TORi is favored
over CNI to control HCC recurrence after LT (Table
1). Various trials have confirmed two important
conclusions: 1) lower doses and reduced exposure to
CNIs (e.g., cyclosporine and TC) after LT prevented
HCC recurrence, and 2) m-TORis are a new class
of immunosuppressants that provide antineoplastic
properties and reduce the post-LT HCC recurrence rate
[21]
compared to CNIs .
In addition to the effects of immunosuppressants,
several studies have reported that poor nutritional
status and impaired immune response were associated
+
with HCC recurrence by impairing function of CD4
T-cells, as measured using adenosine triphosphate
[11,23,24]
levels
. For example, human immunodeficiency
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virus (HIV)-infected patients have compromised
+
immune responses, due to CD4 T lymphocyte
depletion and a significant reduction in the numbers
of peripheral blood lymphocytes, which increase their
risks of HCC incidence, progression, and mortality.
Several studies have also demonstrated that HIVinfected patients experience a more aggressive course
of HCC and a poorer OS compared to HIV-negative
patients, which suggests that an HIV-related protein
might predispose normal hepatocytes to the oncogenic
effects of carcinogens, induce growth signals, and
ultimately contribute to the initiation and progression
[25-27]
of HCC
. However, HIV infection has a minimal
effect on the risk of tumor recurrence among patients
who are undergoing LT for HCC. For example, Di
[28]
Benedetto et al
compared 30 HIV-positive patients
who underwent LT for HCC and 125 HIV-negative
patients with HCC and found that their HCC recurrence
rates were 6.7% and 14.4%, respectively (P = 0.15).
Therefore, the authors concluded that HIV infection
did not predict recurrence or mortality. Similarly,
[29]
Vibert et al
reported that HIV-positive and HIVnegative patients exhibit similar rates of survival and
HCC recurrence. Nevertheless, the value of LT in HIVpositive patients with HCC remains debatable, due to
these studies’ limited number of HIV-infected patients
who underwent LT and the high dropout rate while the
patients waited for surgery.

Transplant type
The need for LTs exceeds the number of deceased
donors, which increases waiting times and contributes
to a high drop-out rate among patients who experience
[30,31]
tumor progression while awaiting surgery
. Thus,
living donor LT (LDLT) provides patients with HCC better
access to timely treatment. However, several recent
studies have demonstrated that LDLT is associated
with an increased incidence of post-LT HCC recurrence,
[32-34]
compared to deceased donor LT (DDLT)
. Vakili et
[34]
al also found that LDLT recipients experienced higher
HCC recurrence rates than DDLT recipients (28.6% vs
[32]
12.1%, P < 0.05), and Park et al
reported higher
rates of cancer recurrence after LDLT compared to
after DDLT (cumulative 5-year recurrence rates,
19.3% vs 6.0%, P < 0.05). Multivariate analyses have
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Table 2 Disadvantages and rates of tumor recurrence after living donor liver transplantation and piggyback liver transplantation
compared to deceased donor liver transplantation and conventional orthotropic liver transplantation, respectively
Transplant type

Disadvantages

Rate of tumor recurrence

LDLT vs DDLT

The small-sized graft, the “fast-tracking effect”, the sparing of the inferior vena
cava, and more extensive manipulation
The positive vena cava margin and greater manipulation of the diseased liver

28.6% vs 12.1%, P < 0.05[34]; 19.3% vs 6%, P < 0.05
(cumulative 5-yr)[32]
6.3% vs 10.1%, P > 0.05[48]

PB-LT vs CON-LT

LDLT: Living donor liver transplantation; DDLT: Deceased donor liver transplantation; PB-LT: Piggyback liver transplantation; CON-LT: Conventional
orthotropic liver transplantation.

cava margins and requires greater manipulation of the
diseased liver, which could increase the risk of HCC
[48]
spread . However, it is debatable whether piggyback
transplantation increases HCC recurrence in the
[48]
transplantation setting. For example, Mangus et al
reported no significant difference between the two
techniques in terms of their survival and recurrence
rates and suggested that the presence of HCC should
not preclude the use of piggyback transplantation.
[47]
In addition, Grąt et al
found that piggyback
transplantation provided superior long-term survival
among patients with HCC and potentially decreased
the risk of post-transplant recurrence, as compared
to the conventional technique. Therefore, piggyback
transplantation might be considered for patients with
HCC, although further studies are needed to validate
this approach. A summary of the disadvantages
and recurrence rates after LDLT and piggyback LT,
compared to DDLT and conventional LT, respectively, is
listed in Table 2.

revealed that LDLT was an independent risk factor
for HCC recurrence, and that smaller LDLT grafts
were associated with a higher post-LT recurrence
rate. Therefore, in addition to the advanced tumor
[35]
characteristics of the LDLT recipient , there are three
suggested mechanisms by which LDLT might increase
the risk of HCC recurrence. The first mechanism is the
release of growth factors that mediate the regeneration
of the hemiliver and increase the vascular inflow
during the rapid regeneration of the partial grafts
from living donors, which might contribute to tumor
[36-38]
progression and recurrence
. Furthermore, smallsized grafts are more likely to cause acute phase graft
injury, which results in cell adhesion, angiogenesis,
and migration; all of these factors may promote tumor
[38,39]
recurrence
. The second mechanism is the “fasttracking effect”, whereby patients who undergo LDLT
have a shorter waiting time, which might preclude the
[40,41]
detection of an aggressive tumor before surgery
and increase the risk of recurrence. The third me
chanism is the LDLT technique itself might directly
contribute to a higher recurrence rate, due to the
sparing of the inferior vena cava (which is necessary
for complete tumor removal) and more extensive liver
[33,42]
manipulation during the LDLT
. All of these factors
might contribute to the high recurrence rates after
LDLT compared to after DDLT.
Despite these potential mechanisms by which LDLT
might increase HCC recurrence, other studies have
reported that LDLT recipients have a similar recurrence
rate and comparable recurrence-free survival compared
[43-45]
to patients who underwent DDLT
. In these studies,
the authors attributed the inferior outcomes after LDLT
for HCC to the tumor’s characteristics and biology.
Although there is no clear evidence regarding whether
LDLT is associated with a higher recurrence rate, the
conflicting data suggest that different indication criteria
may be appropriate for LDLT and DDLT.
As an alternative to the conventional LT method,
the piggyback technique has become the preferred
approach in some centers, as it provides a shorter
procedure time, a shorter anhepatic phase and
warm ischemia period, fewer blood transfusions, and
[46,47]
a shorter stay in the intensive care unit
. This
technique has gained widespread acceptance for many
end-stage liver diseases, but not for HCC, because
it theoretically carries a higher risk of positive vena
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Hepatitis viruses
There is growing evidence that the hepatitis B virus
(HBV) contributes to hepatocarcinogenesis via
direct malignant transformation and other indirect
[49-51]
effects
. Furthermore, persistent HBV infection
can increase genetic instability by causing hepatocyte
[52]
destruction and regeneration . Moreover, HBV load is
[53,54]
involved in post-LT HCC recurrence
and increases
the risk of post-LT recurrence through an inflammatory
effect after HBV or hepatitis C virus (HCV) allograft re[55]
[53]
infection . Li et al
retrospectively analyzed 340
HBV-positive patients who underwent orthotropic LT
(OLT) and found that HBV relapse was an independent
predictor of HCC recurrence (P = 0.03), and that high
pre-transplant levels of HBV DNA were associated
[56]
with HCC recurrence. Wu et al
also performed a
retrospective study of 78 patients with HBV-related
HCC who underwent LT, and found that 13 patients
(16.6%) experienced HCC recurrence and 18 patients
(23.1%) experienced HBV relapse. Therefore, the
authors concluded that HBV relapse was closely related
to HCC recurrence (P = 0.004) and led to a shorter OS
after LT. Thus, HBV relapse and HCC recurrence may
have a reciprocal causative relationship in the post[53]
transplantation setting .

2752

March 7, 2016|Volume 22|Issue 9|

Gu XQ et al . Non-oncological factors affect HCC recurrence
Antiviral therapy can reduce the risk of recurrence
in patients with HCC, which supports a role for hepatitis
virus infection in HCC recurrence after LT. For example,
[57]
Kohli et al
retrospectively compared patients who
were and were not receiving post-LT interferon and
found that the rates of HCC recurrence in these groups
were 4.1% and 27.3%, respectively (P < 0.05). This
finding suggests that interferon markedly reduces
the risk of HCC recurrence and related mortality
among patients who are undergoing LT for HCV[58]
related HCC. Anselmo et al
have also reported that
combined treatment with hepatitis B immunoglobulin
and lamivudine after OLT markedly reduced the HBV
relapse rates and significantly improved the 1-year
and 3-year recurrence-free survival rates.

OLT for HCC, although there were no significant
differences in HCC-specific survival among the various
age groups. Therefore, these findings suggest that
carefully selected elderly patients with HCC could
experience a benefit from OLT that is equal to the
benefit that is experienced by younger patients.
Several studies have reported sex-specific dif
ferences in the incidences of HCC among mice and in
[72,73]
the survival of patients with HCC
. For example,
estrogen inhibited the production of IL-6 in Kupffer
cells that were exposed to necrotic hepatocytes,
and diethylnitrosamine-treated male mice exhibited
reduced circulating concentrations of IL-6, which
[72]
reduced inflammation-induced carcinogenesis .
[73]
Moreover, Yang et al
demonstrated that survival
among women was superior to that among men when
they evaluated patients with HCC who were 18-44
years old and 45-54 years old, respectively, which
suggests that menopausal status might be related
to HCC outcomes and that estrogen might protect
against hepatocarcinogenesis and promote a more
favorable HCC outcome. This difference was especially
pronounced among patients who underwent surgical
resection, although there was no difference among
patients who underwent LT. Therefore, as the mean
age at transplantation is increasing, a growing number
of elderly women are being considered for LT. However,
these women may be menopausal and may not
experience estrogen’s protective effect, which might
lead to poorer survival and increased HCC recurrence
compared to those among younger patients. Never
theless, only limited data are available to support
this hypothesis, and it remains unclear whether sex
influences post-LT survival and tumor recurrence;
further clinical studies are needed to examine this
issue.

Recipient characteristics
Overweight and obese patients who undergo OLT
for HCC have a relatively high recurrence rate, and
these patients exhibit a significantly shorter time
[59]
to recurrence compared to non-obese patients .
The proposed mechanism for this increased risk of
recurrence and shorter OS is the altered expression of
adipokines (leptin and adiponectin) in obese patients,
as these molecules can increase proliferation and
suppress apoptosis in cancer cell lines and can also
increase cell invasion and upregulate the expression
of VEGF and other angiogenesis-related cytokines in
[60-63]
[64]
HCC
. Siegel et al
retrospectively analyzed 342
consecutive HCC patients who underwent LT and found
2
that a body mass index (BMI) of > 30 kg/m was
an independent predictor of poor OS and recurrent
[59]
disease. In addition, Mathur et al found that the rate
of HCC recurrence in overweight (15%) and obese
(15%) patients was double that in non-obese patients
(7%) (P < 0.05). Therefore, BMI is a potentially sig
nificant predictor of post-LT tumor recurrence.
In general, there is an arbitrary age limit for LT, due
to the increased incidence of age-related comorbidities
[65,66]
among elderly patients with HCC
. Several studies
have reported that elderly patients who underwent
LT exhibited a lower survival rate and higher rates of
HCC malignancy, which may be associated with their
increased risk of adverse outcomes due to chronic
comorbidities, immunosuppression, and immunose
[66,67]
nescence
. Age-related immunological changes
and immunosenescence can increase the susceptibility
of elderly patients to infection, autoimmune disease,
[68]
and cancer ; and long-term immunosuppressive
therapy after LT might increase these patients’ risks
of morbidity and mortality compared to their younger
[69]
counterparts . However, other studies have reported
[65,70,71]
that LT is not contraindicated for elderly patients
,
[70]
and Ballarin et al
reported similar short- and
middle-term survival outcomes and morbidities (e.g.,
HCC recurrence) among young and elderly patients.
[69]
Moreover, Kim et al
demonstrated that OS was
prolonged among younger patients who underwent
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Graft-related factors
Changes in transplant-related factors, such as the
allograft excision, organ allocation, transportation of the
liver graft, and timing of the recipient surgery, might
lead to prolonged periods of cold and warm ischemia.
Furthermore, experimental and clinical evidence
indicate that ischemia-reperfusion injury may affect
[74]
HCC recurrence after LT. Nagai et al
retrospectively
evaluated 391 patients from two transplant centers
who underwent LT for HCC and found that prolonged
cold ischemia times (> 10 h, P = 0.03; HR = 1.9)
and warm ischemia times (> 50 min; P = 0.003;
HR = 2.84) were independent risk factors for HCC
recurrence after LT. These relationships were especially
pronounced among patients with other risk factors,
such as poor differentiation, micro- and macrovascular
invasion, HCC exceeding the Milan criteria, and
AFP levels > 200 ng/dL. Prolonged ischemia was
also significantly associated with recurrence within
1 year. A number of biological mechanisms have
been proposed to explain how ischemia-reperfusion
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injury can affect cancer outcomes, based on in vivo
[75-77]
and in vitro experiments
. For example, the
exposure of micrometastases to hypoxia could lead
to the activation of several distinct pathways and
the abnormal expression of genes and cytokines
that contribute to angiogenesis, cellular proliferation,
[75,78]
growth, and adhesion
. Hypoxia also stabilizes and
activates the transcription factor for hypoxia-inducible
factor, which is a key oxygen response regulator that
activates the transcription of genes (e.g., VEGF-A)
[79-81]
that stimulate angiogenesis
. Moreover, as the
reperfusion progresses, microcirculatory disturbances
might exacerbate intrahepatic hypoxia. Therefore,
it has been speculated that recipients who receive
allografts from donation after brain death (DBD)
might experience a lower recurrence rate compared
to patients who receive allografts from donation after
cardiac death (DCD). Furthermore, patients with HCC
exhibit shorter survival after receiving DCD allografts
compared to those receiving DBD allografts, even
after adjusting for the inherent inferiority of the DCD
[82]
allografts and other known risk factors . Thus, the
survival difference might reflect an increased rate
of HCC recurrence. However, the same researchers
subsequently reported conflicting results, which
indicated that HCC recurrence occurred at equal rates
among patients who received DBD or DCD allografts.
With respect to donor sex, experimental and clinical
observations indicate that livers from women are
more susceptible to hepatic reperfusion injury and
have a higher sensitivity to reoxygenation damage
[83,84]
after prolonged cold storage
, although, to our
knowledge, there are only limited data available
regarding the effect of donor sex on tumor recurrence
after LT among patients with HCC.
Age is another donor factor that is associated with
[85]
HCC recurrence . For example, the median donor
age for patients with HCC recurrence was older than
that for patients who did not experience recurrence
(49 years vs 36 years, P = 0.008), which suggests
that livers from older donors are poorly preserved and
have a greater susceptibility to cold ischemia and agerelated immune changes, which can lead to inferior
outcomes. However, other studies have reported that
recipients of livers from elderly donors experienced
excellent outcomes, and that age-matched patients
[86-88]
were more likely to exhibit better graft survival
.
The authors attributed these findings to the reduced
cold storage times for these organs, although the
relationship between donor age and HCC recurrence
after LT continues to be debated.
ABO-incompatible (ABO-I) LT is exclusively used
when a donor liver is urgently needed in pediatric
cases, due to the risk of hyperacute or antibodymediated humoral graft rejection because of the graft’
s ABO blood group and the antibodies in the recipient’s
[89,90]
blood
. B-cells and T-cells play a major role in this
process, and various procedures have been proposed
to overcome this rejection, such as plasma exchange,
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splenectomy, local infusion of the grafts, and more
[91,92]
aggressive immunosuppression
. All of these
protocols have achieved good outcomes. Furthermore,
as new monoclonal antibodies (e.g., rituximab and
basiliximab) have been developed, ABO-I LDLT has
been widely performed, and good results have been
[93]
[94]
reported . However, Miyagi et al
found that
strong immunosuppressive therapies, such as steroid
pulses and rituximab for ABO-incompatible cases,
may have a negative effect on tumor recurrence after
[93]
LT. In addition, Lee et al
retrospectively studied
20 patients who underwent ABO-I LDLT due to HCC
or liver cirrhosis, using an ABO-I LDLT protocol that
included rituximab, plasma exchange, basiliximab, and
intravenous immune globulin. The authors found that
the proportion of natural killer (NK) cells decreased
with declining absolute peripheral blood counts during
the early phase of ABO-I LDLT, which contributed to
a weakening of the innate immune response to HCC
or the hepatitis virus. In this context, NK cells play a
critical role in the immune surveillance of liver tumors,
through the expression of FasL, perforin, granzyme B,
and functional tumor necrosis factor-related apoptosis[95]
inducing ligand (TRAIL) . Therefore, these cells
play an important role in preventing HCC recurrence,
and caution is needed when performing ABO-I LDLT,
especially in cases with advanced HCC.
Data from our center suggest that the use of
moderate-to-severe fatty liver grafts might be related to
[96]
the incidence of post-LT liver cancer recurrence . Other
studies have reported that ischemia-reperfusion injury
was much more severe in moderate-to-severe steatotic
grafts, and that steatotic livers exhibited a decreased
[97-99]
tolerance to ischemia-reperfusion injury
. These
injuries led to an increased release of lipid peroxides,
downregulation of adipokines (e.g., adiponectin and
[100]
resistin) that can protect the steatotic liver grafts
,
and a series of secondary inflammatory reaction
cascades, which in turn led to increased angiogenesis
that ultimately promotes tumor recurrence. However,
there were no significant differences in patient and
[101]
graft survivals according to steatosis after LT . The
mechanism that underlies this process is similar to
those for small-for-size graft injuries and regeneration.
Table 3 shows a summary of studies that compared
the effects of recipient characteristics and graft-related
factors on tumor recurrence after LT among patients
with HCC patients.

Other factors
One study reported that the extent of intraoperative
packed red blood cell transfusion was associated with
[74]
HCC recurrence after LT , and intraoperative blood
transfusion was hypothesized to have a negative effect
on tumor recurrence among patients with various types
[102-104]
of cancers
. This detrimental effect is thought to
be caused by suppression of the host’s immune system
(including reduced NK-cell and phagocyte activity),
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Table 3 Studies comparing the effects of recipient and donor characteristics on tumor recurrence among patients with
hepatocellular carcinoma after liver transplantation
Year

Characteristics

Evaluated parameter

Recurrence rate

P value

2014
2011
2014

Overweight or obese
Age
Gender

Overweight vs obese vs non-obese
Elderly vs younger
Male vs female

15% vs 15% vs 7%
7.1% vs 4.8%
NA

< 0.050
> 0.050
NA

2014

Ischemia times

NA

0.015

Sharma et al[85]

2012

Age

NA

0.008

Miyagi et al[94]

2012

ABO-I graft

NA

NA

Teng da et al[96]

2012

Steatosis donor liver

CIT >10 h vs < 10 h and
WIT > 50 min vs ≤ 50 min
Median donor age for patients with HCC recurrence vs
without HCC recurrence
Strong imunosuppressive therapy vs other
imunosuppressive therapy
Grafts with no steatosis vs mild steatosis vs moderateto-severe steatosis

15.8% vs 8.3% vs 33.3% at 1 yr;
28.7% vs 20.8% vs 50% at 3 yr

> 0.050

Ref.
Recipient
Mathur et al[59]
Ballarin et al[70]
Yang et al[73]
Donor
Nagai et al[74]

CIT: Cold ischemia times; WIT: Warm ischemia times; HCC: Hepatocellular carcinoma; ABO-I: ABO-incompatible; NA: Not analyzed.

increased suppressor T-cell activity with inhibition of
IL-2 secretion, and sFAS ligand and soluble human
[102,105-110]
leukocyte antigen (sHLA) molecule transfusion
.
In addition, systemic inflammation and cytokine
production that is caused by impaired oxygen delivery
to vital organs due to massive hemorrhage can reduce
[111]
[112]
antitumor immunity . However, Kaido et al
found
that the immunosuppressive effect of homologous
blood transfusion in LT was unclear and suggested that
any immunosuppression would be minimized by the
potent action of immunosuppressive drugs.

2

3

4

CONCLUSION

5

In conclusion, this review summarized the effects of
select non-oncological factors on tumor recurrence
after LT, although we did not consider the effects of
several non-oncological factors (e.g., diabetes mellitus
or smoking), due to a lack of data. Although several
studies of non-oncological factors made conclusions
that were based on insufficient clinical evidence,
these studies have provided new research ideas and
clinical strategies for the prophylaxis and surveillance
of post-LT tumor recurrence. Furthermore, there is
strong evidence for an intricate and close connection
between injury, infection, inflammation, regeneration,
immune imbalance, and a series of physiological
occurrences. Therefore, non-oncological factors might
also be intrinsically connected to the deactivation of
anti-tumor immunity, tumor recurrence, and tumor
progression. Thus, closely considering both oncological
factors (“seeds”) and non-oncological factors (“soil and
environment”) might help to improve the outcomes
after LT for patients with HCC.
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Abstract
Intestinal ischemia is a frequently observed pheno
menon. Morbidity and mortality rates are extraordinarily
high and did not improve over the past decades. This
is in part attributable to limited knowledge on the
pathophysiology of intestinal ischemia-reperfusion (IR)
in man, the paucity in preventive and/or therapeutic
options and the lack of early diagnostic markers for
intestinal ischemia. To improve our knowledge and
solve clinically important questions regarding intestinal
IR, we developed a human experimental intestinal IR
model. With this model, we were able to gain insight
into the mechanisms that allow the human gut to
withstand short periods of IR without the development
of severe inflammatory responses. The purpose of this
review is to overview the most relevant recent advances
in our understanding of the pathophysiology of human
intestinal IR, as well as the (potential) future clinical
implications.
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injury and severe inflammation
. Improved
insight into the mechanisms underlying intestinal IRrelated complications in man are imperative to work
towards novel therapeutic strategies. This review
provides an overview of the current knowledge on
the pathophysiology of human intestinal ischemiareperfusion. Development of unique human IR models
allowed detailed investigation of the consequences of
human intestinal IR on several important players of
the intestinal barrier function.
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INTRODUCTION
Intestinal ischemia-reperfusion (IR) is a frequently
[1,2]
observed phenomenon in health and disease . It
occurs as part of normal physiology, for example
[3,4]
in exercising healthy individuals
, in whom re
distribution of blood flow to the vital organs and
muscles leads to significant intestinal hypoperfusion
[3,5]
with up to 80% reduced mesenteric blood flow .
Moreover, intestinal IR occurs in a variety of patho
physiological situations. It is observed in patients with
acute mesenteric ischemia due to mesenteric arterial
embolism or venous thrombosis. In addition, intestinal
IR occurs in situations with severe blood loss and/or
hypovolemia, leading to redistribution of blood flow
to the most important organs, including heart and
brains. This form of intestinal IR is frequently observed
in patients undergoing major surgery or in patients
[1,6]
with trauma, shock or sepsis . Lastly, intestinal
ischemia is a well-known player in the development
and perpetuation of intestinal inflammation, including
[7,8]
in patients with inflammatory bowel disease .
Based on etiological background, intestinal ischemia
is divided into a chronic and an acute form (Figure
1). Chronic gastrointestinal ischemia (CGI) is most
commonly due to atherosclerotic disease and has
[9,10]
been reviewed elsewhere
. In contrast to CGI,
acute intestinal ischemia is a consequence of a rapid
reduction in intestinal blood flow, caused by occlusion
(occlusive disease) or severe hypoperfusion [nonocclusive mesenteric ischemia (NOMI)] of mesenteric
[1,11,12]
vessels (Figure 1)
. Acute intestinal ischemia is
a potentially fatal clinical emergency with an overall
[1,2,11]
mortality of 60% to 80%
. Mortality rates are
especially high when ischemia progresses towards
bowel necrosis, leading to a severe inflammatory
[11,12]
response, sepsis and shock
.
It is remarkable that although medical practice
has evolved considerably, the mortality rates of
intestinal ischemia did not improve over the past
[1,13]
70 years
. This is partly a consequence of the
continued difficulty to recognize acute mesenteric
ischemia at an early stage, which is the key to
[14]
reducing high morbidity and mortality . The second
major reason for intestinal IR-related high morbidity
and mortality rates is the paucity in preventive and/
or therapeutic options. Obviously, rapid reperfusion
after intestinal ischemia is of major importance, but
reperfusion can paradoxically also contribute to tissue
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THE HUMAN INTESTINAL EPITHELIAL
BARRIER
The primary functions of the human gastrointestinal
tract are digestion of food, absorption of nutrients and
water, and electrolyte exchange. In addition, the gut
provides a barrier between the internal milieu and
the potentially toxic intraluminal content, including
commensal and pathogenic microorganisms and their
[17,18]
products
. For this purpose, the intestinal tract is
equipped with several barriers. The first anatomical site
at which the host encounters the gut microbiota is the
[19,20]
mucus layer
. This layer serves as a physical and
chemical barrier, preventing adherence of microbiota to
the epithelium and impedes translocation of potential
[19-21]
pathogens and their toxins to the internal milieu
.
The secreted mucins are continuously produced by
specialized goblet cells that are found in the small and
large intestinal epithelium. Secretory mucins are stored
[21]
in bulky apical granules of the goblet cells . The
mucin-containing granules are secreted from the apical
surface both constitutively and in response to a variety
[19,21]
of external stimuli
. The second line of defence is
[22]
formed by the intestinal epithelium
which consists
[23]
of a cohesive monolayer of columnar epithelial cells ,
firmly connected by tight junction complexes that seal
[18,24,25]
the paracellular pathway
. Next to providing a
physical barrier, enterocytes actively participate in
innate immunity, by acting as immune sensors of
[17]
microbial pathogens and commensal organisms . The
signaling loop that mediates the epithelial response
to microorganisms is based on sensing of structural
motifs, known as pathogen-associated molecular
patterns (PAMPs) by pattern-recognition receptors
[26]
(PRRs) on epithelial cells . PAMPs are expressed by
both commensal and pathogenic microorganisms,
and include lipopolysaccharide (LPS), lipoprotein and
[17]
peptidoglycans .
A third line of defense is formed by Paneth cells,
highly specialized epithelial cells residing in the crypts
[27-30]
of the small intestine in between the stem cells
.
Paneth cells are the main source of antimicrobial
proteins, including a-defensins and lysozyme, in
[28,31,32]
the small intestine
. These proteins are stored
in granules and released into the crypt lumen both
[32]
constitutively and in response to bacterial threats
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Classification of intestinal ischemia

Acute

Etiology

Arterial: embolus/thrombosis mesenteric artery
Venous: thrombosis/segmental strangulation

Occlusive

Splanchnic vasoconstriction/hypoperfusion:
low cardiac output, sepsis, medication,
major [cardio (vascular)] surgery

NOMI

Chronic

Atherosclerosis

Figure 1 Schematic overview of intestinal ischemia based on etiological background. NOMI: Nonocclusive mesenteric ischemia.
[33,34]

to prevent microbial invasion
. In addition, the
antimicrobial proteins disseminate into the mucus layer
[33-35]
in order to reinforce the mucosal barrier function
.
Lastly, Paneth cells provide critical stem cell niche
[36]
factors, including EGF, Wnt3 and Notch .
From studies in a variety of animal models we
have learned that intestinal IR can severely damage
the intestinal epithelial barrier. Our current knowledge
on (patho)physiological mechanisms of IR-induced
intestinal injury in a variety of animal models has
[37]
recently been excellently reviewed elsewhere . So far,
translation to the human setting was only possible in
post-mortem studies or in patients undergoing surgery
with resection of necrotic intestinal segments after
exposure to extensive periods of ischemia, which only
allowed investigation of the end-stage of the disease.
To overcome these problems, we have developed in
recent years novel human experimental intestinal
IR models. These models allowed us to investigate
the pathophysiology and underlying mechanisms of
human small intestinal IR and colonic IR.

Frey procedure). In these patients, a variable length
of healthy jejunum is usually resected in continuity
with the specimen as part of the standard surgical
procedure. Approximately 6 cm of this healthy part
of jejunum was used for the experiments; therefore
no additional tissue had to be resected for study
purposes.
In short, after identification and localization of the
major anatomical structures and tumor during surgery,
a healthy jejunal segment with a central mesenteric
arteriole and venule was isolated by transsection at
both ends with a linear cutting stapler. This segment
was subjected to various periods of ischemia by
placing 2 atraumatic vascular clamps across the
mesentery. Meanwhile, surgery proceeded as planned.
Removal of the clamps led to reperfusion as confirmed
by regaining of normal pink color and restoration of
intestinal motility. Tissue was sampled at selective time
point using the linear cutting stapler, and blood was
sampled by direct puncture of the venule draining the
isolated jejunal segment. Arterial blood was sampled
from the radial artery line, present in all patients as
part of routine intraoperative monitoring. This allowed
assessing concentration gradients in plasma across the
isolated jejunal tissue. At the end of the experiment, 2
cm of jejunum that remained untreated during surgery
was resected and served as internal control tissue. This
segment underwent similar surgical handling as the
isolated part of jejunum while it was not exposed to
IR. A more detailed description of the human intestinal
IR model, including a diagram of the model, can be
[38]
found in reference .
In this newly developed human experimental
model to study small intestinal IR, the maximum
time of reperfusion of the isolated ischemic jejunum
is dependent on the surgical procedure, i.e., the
moment at which the surgeon decides that the
pancreatico- or hepatico-jejunal anastomosis has to
be created. Using this model, we obtained insight into
the pathophysiology of short an prolonged periods of
ischemia followed by reperfusion and we elucidated
the key molecular events during intestinal IR in man.

THE HUMAN SMALL INTESTINAL IR
MODEL
Development of a standardized experimental human
model for small intestinal IR was considered to be of
significant advantage in addressing clinical questions.
Important issues during development of an in vivo
human model were first, that it should be ethically
justified, safe, and would allow only minimally
invasive experimental procedures. Second, the model
should enable investigators to expose a healthy
intestinal segment to various periods of ischemia
and reperfusion. Third, it should allow collection
of both tissue and blood during the experimental
protocol at set time points, yielding reproducible and
consistent results. This led to the inclusion of patients
undergoing abdominal surgery with a Roux-Y or
similar small intestinal reconstruction (e.g., during
pylorus-preserving pancreatico-duodenectomy,
pancreatico-jejunostomy, hepatico-jejunostomy, or
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Figure 2 The human small intestine has efficient mechanisms to prevent excessive epithelial lining damage. A: Cartoon and hematoxylin-eosin staining
demonstrating the appearance of subepithelial spaces (asterisks) after ischemia as a result of retraction of the basement membrane (arrowhead); B: Early during
reperfusion, loose IR-damaged epithelial sheets are pulled together through active contraction of pMLC at the basal side of epithelial cells (green line, arrows),
bringing these cells together; C: Zipper-like constriction of the epithelium is associated with rapid restoration of the epithelial lining and prevents exposure of lamina
propria to intraluminal content. LP: Lamina propria; pMLC: Phosphorylated myosin light chain; F-ACTIN: Filamentous actin.

epithelial cells from the basal membrane with simul
taneous contraction of the basement membrane
[6,40]
muscle fibers emanating up to the tips of the villi
.
Detachment of the epithelial cells from their basement
membrane was only observed at the villus tips,
probably because these cells are more susceptible to
ischemia. This is in part due to a countercurrent flow
in the villi which causes lower oxygen supply to the
[7]
upper parts of the villus compared to the crypts .
In addition, enterocytes obtain more pro-apoptotic
characteristics as they migrate up towards the tip
of the villus, where they undergo apoptosis and are
shed into the lumen at the end of their life cycle (also
[42,43]
called “anoikis”)
. To our surprise, detachment of
epithelial cells at the villus tip did not directly result in
a disrupted epithelial lining. Instead, we observed that
early after onset of reperfusion, the sheets of loose
[5,39]
epithelial cells were pulled together
. Our studies
suggested that this was achieved by accumulation
of non-muscle type myosin fibers, phosphorylated
myosin light chain (pMLC), at the basal side of the
loose epithelial cells leading to active constriction of
the IR-damaged cells at the villus tips, resulting in a
[39]
dramatic reduction in wound size (Figure 2B) . This
phenomenon, which we termed zipper-like epithelial
constriction, morphologically resembled purse-

SHORT PERIODS OF SMALL INTESTINAL
ISCHEMIA WITH REPERFUSION:
MECHANISMS TO PREVENT EPITHELIAL
LINING DAMAGE
The human intestine is frequently exposed to short
periods of ischemia, both in physiological and path
ophysiological situations. Maintenance of the intestinal
epithelial lining is of major importance, since loss
of this barrier facilitates translocation of potentially
harmful intestinal luminal contents towards the
circulation, causing a severe inflammatory response.
Using the human experimental IR model, we obtained
insight into the duration of ischemia that the human
jejunum can withstand before extensive barrier
damage occurs.
A key feature of short small intestinal ischemia
(without reperfusion) is the appearance of subepithelial
spaces (Figure 2A). These can be observed as early
as 15 min after the onset of ischemia, but are more
[5,39]
pronounced at 30 min of ischemia
. These spaces
have been described previously in animal studies and
[40,41]
are classically called the spaces of Gruenhagen
.
These subepithelial spaces are the consequence of
detachment of the upper, ischemically damaged,

WJG|www.wjgnet.com

2763

March 7, 2016|Volume 22|Issue 9|

Grootjans J et al . An overview of human intestinal ischemia-reperfusion

A

B

-TNF
-IL-6
-IL-8
ICAM-1

C

MPO

HD5/M30
PC

60I 30R

Figure 3 Prolonged small intestinal ischemia-reperfusion results in physical and immunological barrier function loss and inflammation. A: Prolonged IR
leads to disruption of the epithelial lining (physical barrier integrity loss) and Paneth cell loss (immunological barrier integrity loss); B: Inflammatory responses are
characterized by increased endothelial expression of ICAM-1 (left panel) with sequestration of MPO-positive neutrophils into the villus tips (right panel), and increased
expression and release of inflammatory cytokines including IL-6, IL-8 and TNF; C: Left panel: Prolonged IR leads to Paneth cell apoptosis, as shown by the colocalization of M30 (brown: apoptosis) and human defensin 5 (blue: Paneth cells). Right panel: EM picture of apoptotic Paneth cell, shed into the crypt lumen. ICAM-1:
Intercellular adhesion molecule-1; MPO: Myeloperoxidase; HD5: Human defensin-5.

string contraction in small epithelial wounds, which
is similarly characterized by accumulation of actin
and myosin at the apical side of leading edge cells
followed by active contraction to close small epithelial
[44-47]
defects
. Indeed, accumulation of filamentous
actin and pMLC was observed in the epithelial defects
at 120 min of reperfusion, indicating that purse
string contraction is involved in wound healing of IRdamaged small intestine.
The combined mechanisms of villus retraction,
constriction of loose epithelial cells and rapid pMLCmediated closure of the epithelial defects resulted in
a morphologically restored epithelial lining within 120
min of reperfusion of ischemically damaged jejunum
(Figure 2C). This mechanism could therefore be
involved in limiting bacterial translocation and vigorous
inflammation in response to environmental conditions
that cause a mild decreased splanchnic perfusion, such
[48]
as physical exercise and surgery .
The fact that IR-induced zipper-like constriction
of the epithelium was induced even before epithelial
cells were shed into the lumen, emphasizes that it is
not only essential to close small epithelial defects but
importantly, it is crucial to limit the development of
epithelial wounds.

WJG|www.wjgnet.com

PROLONGED SMALL INTESTINAL
ISCHEMIA WITH REPERFUSION:
PHYSICAL INTESTINAL BARRIER
INTEGRITY LOSS AND OCCURRENCE OF
LOCAL INFLAMMATION
In contrast to short periods of ischemia of the small
intestine, the epithelial lining starts to disintegrate after
more than 45 min of small intestinal ischemia. Damage
of villus tips further continues during reperfusion, and
apoptosis of enterocytes at the villus tips becomes
particularly apparent at 30 min of reperfusion. It
seems that restorative mechanisms as described
above, preventing exposure of the lamina propria to
the intraluminal content, fail after longer periods of
[49]
small intestinal ischemia . This is consistent with
data from animal models, in which it has been shown
that with increasing duration of the ischemic periods,
[40,50]
progressive cell death occurs from villus to crypt
.
Additionally, restoration of IR-induced damage was
not achieved after 120 min of reperfusion in tissue
exposed to > 45 min of ischemia. This results in
prolonged exposure of lamina propria immune cells
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to PAMPs and damage-associated molecular patterns
(DAMPs) which both elicit inflammation.
Consequently, and in contrast to the findings pre
sented for short periods of small intestinal ischemia,
an inflammatory response develops during the
reperfusion phase after prolonged ischemia (Figure
3A). First, enhanced expression of intercellular
adhesion molecule-1 (ICAM-1) becomes apparent on
the endothelium early during reperfusion, which is
accompanied by sequestration and influx of neutrophils
[49]
into the damaged villus tips (Figure 3B) . Neutrophils
accumulated just beneath the damaged epithelial lining,
which has been described to play a role in sterilizing the
[6,51]
wound (Figure 3B, right panel)
. However, it should
be taken into account that activated neutrophils can
also augment to reperfusion-induced damage, since
local release of their antimicrobial proteins including
myeloperoxidase results in formation of reactive
[52,53]
oxygen species (ROS)
. Second, the inflammatory
response was accompanied by complement activation,
represented by the deposition of activated C3, a
downstream target in the complement activation
[49]
cascade, in IR-damaged epithelial cells in the lumen .
Complement activation has been identified as a key
mediator of IR-induced inflammation in mainly murine
[54]
[55]
IR models , with involvement of the classical ,
[56,57]
[58]
the alternative
as well as the lectin
activation
pathway. Complement activation fragments have
chemoattractant properties and are capable of inducing
[59]
production of chemokines and cytokines . In line with
this, increased mRNA expression of pro-inflammatory
cytokines interleukin (IL)-6, IL-8 and tumor necrosis
factor (TNF)-a was observed as early as 30 min after
induction of reperfusion, which was accompanied by
increased arteriovenous concentration differences of
[49]
IL-6 and IL-8 across the small intestine .

organelle involved in processing and folding of proteins.
Environmental conditions that impose stress on the ER,
such as hypoxia and oxidative stress, can result in the
accumulation of unfolded or misfolded proteins in the
[61]
ER lumen, resulting in disruption of ER homeostasis .
In response to ER stress, a number of highly specific
signaling pathways, collectively called unfolded protein
response (UPR), are activated. The UPR is directed at
restoring ER (and cellular) homeostasis and one of the
strategies involved is induction of a translational block,
which is mediated by PERK-dependent phosphorylation
[62,63]
of eukaryotic translation-initiation factor 2α (eIF2α)
.
A second important pathway is the highly evolutionary
conserved IRE1 branch of the UPR. Activation of this
pathway induces alternative splicing of X-box binding
protein 1 (XBP1) mRNA, resulting in the production of
functional XBP1 protein, which plays a crucial role in
cellular survival and adaptation following ER stress in
[60,61]
the intestine
. However, if ER stress is extensive
or prolonged, signaling typically switches from prosurvival to pro-apoptotic. The transcription factor
C/EBP homologous protein (CHOP), which functions
downstream of the PERK and ATF6 pathway, can
promote apoptotic cell death upon sustained ER
[64]
stress .
Interestingly, we observed in our human intestinal
IR studies that the UPR was among the most highly
upregulated pathways, particularly after prolonged
reperfusion. Hallmarks of UPR activation, including XBP1
splicing and increased expression of UPR-related genes
including GADD34 and CHOP, were observed at 30 min
[34]
of reperfusion of ischemically damaged intestine .
Although IR was previously linked to ER stress in a
[65-67]
variety of other organs
, this was the first report of
ER stress in the pathophysiology of human intestinal IR.
Interestingly, we observed that prolonged periods
of ischemia (> 45 min) followed by reperfusion,
resulted in increasingly evident ER stress in the human
intestine and particularly in Paneth cells, which was
consistent with the pioneering work from Kaser et
[60]
al , who linked genetically - induced intestinal ER
stress to hypomorphic Paneth cells. In line, human
intestinal IR-induced ER stress was accompanied by
Paneth cell apoptosis (Figure 3C), which correlated
strongly with the level of ER stress. Apoptotic Paneth
cells were shed into the crypt lumen (Figure 3C, right
panel) and this significantly lowered their numbers,
which was particularly true for intestinal tissue exposed
[34]
to 60 min of ischemia followed by reperfusion .
In animal studies, Paneth cell loss in the otherwise
normal intestine has been shown to increase bacterial
load in mesenteric lymph nodes (MLN) and spleen, as
a measure of increased bacterial translocation in the
[33]
Paneth cell deficient intestine . Moreover, Paneth
cells were recently identified as the central players
in the development of intestinal inflammation, since
Paneth cell specific deletion of Xbp1 was sufficient
to induce severe enteritis with a Crohn’s disease-like

PROLONGED SMALL INTESTINAL IR:
IMMUNOLOGICAL BARRIER FUNCTION
LOSS AND INCREASED SYSTEMIC
INFLAMMATION
Apart from the physical barrier, mainly comprised of
a mucus layer and an epithelial lining, the intestine is
also dependent on its immunological barrier function
to prevent bacterial translocation. An important player
in the immunological defense is the Paneth cell, a
pyramidal shaped cell located in the crypts of Lieberkühn
[36]
in the small intestine , and continuously produce and
secrete antimicrobial proteins into the lumen, thereby
[27,31]
sterilizing the crypt
. In addition, they actively sense
the presence of microbiota and directly respond to
bacterial threats by releasing their antimicrobials, and
[33]
are therefore crucial in limiting bacterial translocation .
The highly secretory nature of Paneth cells makes
these cells particularly susceptible to endoplasmic
[60]
reticulum (ER) stress . The ER is an important cellular
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Figure 4 Rapid restoration of colon ischemia-reperfusion-induced mucus barrier loss by goblet cell compound exocytosis. In healthy colon, bacteria are
separated from the epithelium by a thick mucus layer (A; DAPI, Blue: nuclei. EUB338, Red: bacteria); During ischemia and early reperfusion, the mucus barrier
is damaged leading to penetration of bacteria deep into the colonic crypts (B). Goblet cells respond by massive release of their granules into the crypt lumen (so
called compound exocytosis), which led to a recoverd mucus layer at 240 min of reperfusion in the rat intestine (C). Note that bacterial clearance is accompanied by
depletion of goblet cell contents.
[68]

phenotype .
In line with these studies, we showed in rats that
loss of the intestinal epithelial barrier as observed in
human intestinal IR, in combination with Dithizoneinduced loss of Paneth cells, led to an increase in
bacterial translocation to MLN, liver and spleen, as well
as increased systemic inflammation. This demonstrated
the crucial function of Paneth cells in limiting bacterial
[34]
translocation , and suggested that Paneth cell loss is
a new phenomenon contributing to human intestinal
IR-induced inflammatory complications and IR-related
morbidity and mortality.
Since Paneth cells have been shown to be crucial for
[36]
stem cell survival by providing critical growth factors ,
and stem cells are of major importance for regeneration
of IR-damaged intestinal epithelium, future studies are
directed at elucidating whether IR-induced Paneth cell
loss also contributes to the development of transmural
damage, a highly lethal complication associated with
[1,11,14]
intestinal ischemic disease
. Improved knowledge
on these mechanisms might lead to novel strategies
to improve and/or restore stem cell function following
intestinal IR and could have great potential in reducing
the high morbidity and mortality of intestinal ischemia.

ischemia, and is observed in a variety of situations
including infections and vasculitis, as well as in
patients undergoing aortic surgery or cardiac bypass
[1,69-71]
surgery
. To study the pathophysiology of human
colonic IR we developed a human experimental colon
[72,73]
IR model
, analogous to the model for human
[34,38,49]
small intestinal IR as described above
. The
first interesting observation was that human colon
tissue was far more resistant to ischemia than human
[73]
jejunum . The epithelial lining of the human colon
remained intact even after 60 min of ischemia, with
or without reperfusion. In addition, apoptosis of
colonocytes was limited to only few cells in the surface
epithelium, whereas in the human small intestine IR
was associated with massive apoptosis of epithelial
[34,49,74]
cells in the villus tips and crypts
.
Apart from the epithelial lining, a crucial layer of
antimicrobial defense, particularly in the colon, is
the mucus layer. This layer creates a physical and
chemical barrier that prevents adherence of microbiota
[19-21]
to the epithelium (Figure 4A)
. To study the
consequences of IR on the mucus layer in more detail,
implementation of a rat colon IR model was imperative
to overcome problems with preservation of the mucus
layer and staining for bacteria.
A newly observed and likely important pathophy
siological consequence of 60 min of colonic ischemia
was disruption of this mucus layer, which was ac
companied by intrusion of bacteria into the colonic
epithelium (Figure 4B). Intriguingly, goblet cells react
rapidly in response to these bacterial threats with

FIRST INSIGHT INTO THE
PATHOPHYSIOLOGY OF HUMAN
COLONIC IR
Colon IR is the most common form of intestinal
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[83]

expulsion of their mucus - containing granules (Figure
4B, right panel), a phenomenon known as goblet cell
[21,75]
“compound exocytosis”
. Compound exocytosis
is characterized by expansion of mucin volume and
rapid replacement of degraded mucus barriers, and
has been described as a mechanism to reinforce the
barrier and exclude pathogens from the normally
[21]
sterile crypts . Indeed, the mucus layer covering the
epithelium was fully restored within 4 h of reperfusion
of ischemically damaged colon (Figure 4C) and a timedependent clearance of bacteria from the colonic
crypts was observed. This was accompanied by only
mild inflammatory responses, particularly if compared
[73]
to small intestinal IR .
Therefore, compound exocytosis seemed an
efficient mechanism to prevent prolonged exposure
of microbiota to the epithelium thereby preventing
intestinal inflammation. This might explain why
patients with colonic ischemia tend to have a milder
course of the disease as compared to small intestinal
[71,76-78]
IR
. In addition, mucus organization could
explain why ischemia of the right-sided colon is often
more severe than left-sided colonic ischemia, since
thickness of the inner mucus layer increases from the
[71]
proximal to distal colon .

hardly noticeable at this time point . Longer ischemia
resulted in massive increase of arteriovenous I-FABP
concentration differences, and I-FABP levels correlated
with the degree of histological epithelial damage.
More importantly however, systemic I-FABP levels
were increased in patients that were included in
the experimental IR protocol compared to control
patients that were exposed to similar surgical handling
without being exposed to intestinal IR using the experi
[83]
mental protocol . This demonstrated that IR of a 6
centimeter small intestinal segment can be detected
using plasma I-FABP measurement, which emphasizes
the potential value of plasma I-FABP in the early
diagnosis of intestinal ischemia. Prospective trials now
need to show whether I-FABP levels can be used for
decision making in patients with suspected intestinal
ischemia.

CONCLUSION
Over the past years, the human experimental intestinal
IR models have led to a more in depth knowledge on
the pathophysiology of human small intestinal IR and
colon IR. We have been able to identify the duration
of ischemia that the human small intestine can
undergo before extensive physical and immunological
barrier damage and inflammation occur. Our studies
show that the human small intestine is adapted to
withstand short periods of ischemia by ingenious
mechanisms involved in prevention and rapid repair
of epithelial lining damage, thereby preventing severe
inflammation. This explains why humans can endure
short periods of intestinal IR as a consequence of
strenuous exercise (physiological), or during major
(cardiovascular) surgery with cross clamping of the
aorta or extensive blood loss. In contrast, longer
periods of ischemia result in extended physical barrier
damage and immunological barrier compromise,
typically observed in the small intestine.
The colonic epithelial lining appeared more resistant
to ischemia and reperfusion, and goblet cells reacted
rapidly to IR-induced mucus barrier loss by expulsion
of their contents, which resulted in rapid restoration of
the protective mucus barrier.
With increasing knowledge on the pathophysiology
of human intestinal IR, future studies will be directed
towards implementation of this knowledge on intestinal
IR, to work towards better detection, prevention and
therapy for intestinal ischemia/reperfusion in man.

TRANSLATION TO CLINICAL PRACTICE
Our improved understanding of the pathophysiological
mechanisms of small intestinal IR paves a way to
develop and experimentally test new therapies that
can limit ischemic damage as well as reperfusioninduced intestinal tissue damage. This is particularly
relevant for patients undergoing aortic surgery with
temporary abrogation of the mesenteric blood flow,
patients with severe mesenteric hypoperfusion due
to sepsis or shock, or patients revascularized after an
ischemic insult (i.e., after embolectomy). In addition,
improved knowledge on the sequelae of human
intestinal IR is important for the field of intestinal
transplantation.
However, probably the most important factor
that determines the outcome of patients with acute
intestinal ischemia is our ability to recognize intestinal
[14]
ischemia at an early stage . There is often a con
siderable diagnostic delay due to the nonspecific
clinical presentation in combination with the lack of
early, non-invasive diagnostic markers for intestinal
ischemia. A promising marker for intestinal ischemia
is intestinal fatty acid binding protein (I-FABP), a small
(14-kD) cytosolic protein specifically present in mature
enterocytes at the tip of the villus that is released into
[5,79-82]
the circulation upon enterocyte damage
. Using
the human intestinal IR model, the characteristics of
I-FABP were studied in more detail. We have shown
that I-FABP is a very sensitive marker of intestinal
villus tip damage, as arteriovenous concentration
differences were already increased 15 min after onset
of ischemia, whereas morphological changes were
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Abstract
AIM: To investigate the targeted inhibition of pro
liferation and migration of SW620 human colon cancer
cells by upregulating miRNA-145 (miR-145).

Institutional review board statement: This study was
approved by the Ethics Committee of the First Affiliated Hospital
of Liaoning Medical University.

METHODS: Forty-five samples of colon cancer tissues
and 45 normal control samples were obtained from the
biological database of the First Affiliated Hospital of
Liaoning Medical University. We performed quantitative
analysis of miR-145 and N-ras expression in tissues;
reverse transcriptase polymerase chain reaction
analysis of miR-145 expression in SW620 colon cancer
cells and normal colonic epithelial cells; construction of
miR-145 lentiviral vector and determination of miR-145
expression in SW620 cells transduced with miR-145
vector; analysis of the effect of miR-145 overexpression
on SW620 cell proliferation; analysis of the effect of
miR-145 overexpression on SW620 cell migration using
a wound healing assay; and analysis of the effect of

Institutional animal care and use committee statement: All
procedures in this study involving animals met the requirements
of the ethics of animal experimentation and were approved by
Laboratory Animal Ethics Committee of the First Affiliated
Hospital of Liaoning Medical University.
Conflict-of-interest statement: The authors have no conflict of
interests to declare.
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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cancer treatment. Blocking invasive migration by
modifying the microenvironment at the molecular level
is the frontier of current research in colorectal cancer
[5-7]
therapeutics .
Recently, the discovery of a class of small noncoding RNAs known as miRNAs that regulates gene
expression at the transcription level shed new light
[8,9]
on cancer research
. miRNAs are endogenous,
evolutionarily conserved, single chain non-coding RNAs
consisting of 19-22 nucleotides, which inhibit mRNA
transcription or induce mRNA degradation by baseparing with the 3’ untranslated region of target mRNA,
and thus play an important role in cell proliferation,
differentiation and apoptosis, gene regulation, and
tumor formation by suppressing the expression of
[10,11]
target genes
. Although current understanding
of the biological function of miRNAs is still limited,
we know for certain that miRNAs play a critical role
in many aspects including modulating development,
growth, differentiation, apoptosis, and tumorigenesis.
In some malignant tumors, miRNAs function like
oncogenes or tumor suppressors by regulating
different gene targets. The function of specific miRNA
during tumor formation and development is becoming
a hot topic in cancer research. Some experts have
predicted that targeting miRNA in biological cancer
therapeutics will be more effective than targeting
[12]
coding genes .
Earlier studies reported that miRNA-145 (miR-145)
expression is downregulated in many cancers including
breast cancer, melanoma, ovarian cancer, and liver
cancer, suggesting that miR-145 may function as a
[13-16]
tumor suppressor
. However, so far, there has
been no systemic research on the role of miR-145
in colorectal cancer. Therefore, we investigated the
expression of miR-145 and its target gene N-ras in
colon cancer and normal control tissues, and pos
tulated that miR-145 may play a biological role in
colon cancer development and metastasis. Next, we
constructed recombinant lentiviral vector expressing
miR-145 and examined the inhibitory function of
miR-145 after its transduction into SW620 colon cancer
cells as an experimental basis for continued research
on targeting miR-145 in colon cancer treatment. Lastly,
we analyzed the expression of miR-145 target N-ras to
clarify the regulatory role of miR-145 in colon cancer.

miR-145 on N-ras expression using Western blotting.
RESULTS: miR-145 expression was significantly
downregulated in colon cancer tissues, with its
expression in normal colonic tissues being 4-5-fold
higher (two sample t test, P < 0.05), whereas N-ras
expression showed the opposite trend. miR-145
expression in SW620 cells was downregulated, which
was significantly lower compared to that in colonic
epithelial cells (two sample t test, P < 0.05). miR-145
vector and control were successfully packaged;
expression of miR-145 in SW620 cells transduced
with miR-145 was 8.2-fold of that in control cells (two
sample t test, P < 0.05). The proliferation of miR-145transduced SW620 cells was significantly decreased
compared to control cells (two sample t test, P < 0.05).
At 48 h in the wound healing experiment, the migration
indexes and controls were (97.27% ± 9.25%) and
(70.22% ± 6.53%), respectively (two sample t test, P
< 0.05). N-ras expression in miR-145-tranduced SW620
cells was significantly lower than others (one-way
analysis of variance, P < 0.05).
CONCLUSION: miR-145 is important in inhibiting
colon cancer cell proliferation and migration. This is
a good foundation for development of colon cancer
therapy by targeting tumor suppressor miR-145.
Key words: miRNA-145; Colorectal cancer; Targeted
therapy; N-ras; Lentiviral vector
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: miRNA-145 (miR-145) may play an important
role in inhibiting colon cancer proliferation and invasive
migration. This finding lays a good foundation for further
investigation of targeting miR-145 as a tumor suppressor
in colon cancer treatment, and provides novel evidence
for the anti-cancer effects and therapeutic potential of
miR-145.
Li C, Xu N, Li YQ, Wang Y, Zhu ZT. Inhibition of SW620
human colon cancer cells by upregulating miRNA-145. World
J Gastroenterol 2016; 22(9): 2771-2778 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i9/2771.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i9.2771

MATERIALS AND METHODS

INTRODUCTION

Materials and reagents

Colorectal cancer is currently one of the most common
[1,2]
malignancies worldwide
. Invasive migration at
early stages is a critical factor affecting the prognosis
[3,4]
and survival of colorectal cancer patients . Despite
improved diagnosis and medical technologies,
treatment effects and clinical prognosis are still not
ideal. With the development of genetic therapy,
targeted therapy has become the main specific anti-

WJG|www.wjgnet.com

Forty-five samples of colon cancer tissues and 45 normal
control samples were obtained from the biological
database of the First Affiliated Hospital of Liaoning
Medical University. These samples were obtained from
colon cancer patients attending the hospital between
January and December 2013. Patients had no treatment
before surgery. All patients gave written informed
consent to the study, which was reviewed and approved
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Table 1 Primer sequences
Primers

Sequences (5’-3’)

miR-145-F
miR-145-R
U6-F
U6-R
URP

ACACTCCAGCTGGGGTCCAGTTTTCCCAGGA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGGGATTC
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT
TGGTGTCGTGGAGTCG

F: Forward; R: Reverse.

by the First Affiliated Hospital of Liaoning Medical
TM
University Institutional Review Board. pSilencer
4.1 lentiviral vector system and TRIzol reagent were
purchased from Invitrogen (Carlsbad, CA, United
States). HEK293T cell line, SW620 colon cancer cell
line, and normal human colonic epithelial cell line were
purchased from the American Type Culture Collection
(Manassas, VA, United States). Dulbecco’s modified
Eagle’s medium, fetal bovine serum, and trypsin were
from Gibco. Ultra-pure plasmid extraction kit was from
Promega (Madison, WI, United States). Restriction
endonucleases, DNA polymerase, plasmid miniprep
kit, one-step reverse transcriptase polymerase chain
reaction (RT-PCR) kit, and gel extraction kit were from
TaKaRa (Tokyo, Japan). Monoclonal rabbit anti-human
primary antibodies, secondary antibodies, and internal
controls were from Santa Cruz Biotechnology (Santa
Cruz, CA, United States). miR-145 and internal control
U6 primer were designed and synthesized by TaKaRa
(Table 1). Other common reagents were provided by
the Central Laboratory of the First Affiliated Hospital of
Liaoning Medical University.

using up- and downstream primers and purified by
TM
gel extraction. pSilencer 4.1 vector was linearized
and purified according to the instruction provided
with the lentiviral vector kit, and then ligated with
miR-145 sequence. DH5α competent cells were then
transformed with the ligation reaction. Positive clones
were selected, and the sequences were amplified and
linearized. miR-145 lentiviral vector was then packaged
in HEK293T cells using Lipofectamine 2000, and viral
titer was determined. The control vector containing a
scrambled unrelated sequence was constructed and
packaged in the same way.

miR-145 expression in transduced SW620 cells

SW620 cells that were 90% confluent were passaged
at 1:3 at 18-24 h before transduction so that cells were
70%-80% confluent and at the exponential growth
stage at the time of transduction. SW620 cells were
transduced with packaged miR-145 lentiviral vector
or control vector with 50% multiplicity of infection
and cultured for 48-72 h. When the cytopathic
effect occurred, total RNA was extracted from each
of the two groups. PCR products were analyzed on
1% agarose gels and OD values were read on a gel
imaging system. Experiments were repeated three
times to compare miR-145 expression levels in two
groups of cells to confirm successful construction of
the expression system.

miR-145 and N-ras expression levels in tissue samples

One milliliter of TRIzol reagent was added to ≤ 100
mg of frozen samples. After grinding in liquid nitrogen,
total RNA was extracted using the phenol-chloroform
protocol. Quality of RNA was analyzed on 1% agarose
gels. RNA samples were sent to TaKaRa for sequencing
and quantitative analysis of miR-145 and N-ras
expression in colon cancer and control tissues.

Effect of miR-145 overexpression on SW620 cell
proliferation

SW620 colon cancer cells were grown to the third
passage of the exponential growth phase, and seeded
into 96-well plates. Cells were transduced with either
of the two lentiviral vectors mentioned above. Twenty
microliters of 5 mg/mL MTT solution was added to
each well. After incubation for 4 h at 37 ℃, medium
was removed and 150 μL DMSO was added. The
absorption was then read on a plate reader at 490 nm,
and proliferation curves were generated.

miR-145 expression levels in SW620 and normal colonic
epithelial cells

SW620 and normal colonic epithelial cells were grown to
the third passage of the exponential growth phase, and
total RNA was extracted using the phenol-chloroform
protocol. Semi-quantitative one-step RT-PCR analysis
of miR-145 expression was carried out according to the
instruction provided by the manufacturer (TaKaRa). PCR
products were analyzed on 1% agarose gels and OD
values were read on a gel imaging system. Experiments
were repeated three times to compare miR-145
expression levels in these two cell lines.

Effect of miR-145 overexpression on SW620 cell
migration

SW620 cells at the third passage were plated into
two sets of dishes. When cells were confluent, a
homogeneous scratch wound was created on the
monolayer cells using a 1-mL pipette tip to form a cellfree area. miR-145 lentiviral solution was then added

Construction and packaging of miR-145 lentiviral
expression vector

The complete sequence of miR-145 was PCR-amplified
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Figure 1 Expression of miR-145 and N-ras in colon cancer and normal
colonic tissues.

to the experimental group. Medium containing no
lentivirus was used for the blank control group. Cells
were imaged at 0 or 48 h after incubation. The width
of the open area was measured at three different
positions (top, middle and bottom) and the average
width was calculated. The speed of cell migration was
described using migration index (MI).

0.8
0.6
0.4
0.2
0.0

Control
SW620
Groups

Figure 2 miR-145 expression in SW620 colon cancer cells and normal
colonic epithelial cells.

Effect of miR-145 overexpression on expression of
target gene N-ras

colon cancer tissues as compared to normal colonic
tissues. miR-145 level in control tissues was 4-5-fold
higher than that in colon cancer tissues (P < 0.05).
In contrast, N-ras expression level was significantly
higher in colon cancer then in control tissues (Figure 1).

Using bioinformatics, we observed that miR-145
induced colon cancer cell apoptosis via N-ras. In other
words, N-ras gene might be a target of miR-145. We
therefore further tested this at protein level. Total
proteins were extracted from miR-145-tranduced
SW620 cells and quantified. After separation on 5%
stacking gel and 8% separating gel at 60 V for 30 min
and 100 V for 1.5 h, proteins were transferred to a
membrane and Ponceau stained. After eluting three
times, blots were incubated with primary antibody
(1:1000, monoclonal rabbit-anti-human) at 4 ℃
overnight. After incubation for 1 h at room temperature
with secondary antibody (1:1500, polyclonal goatanti-rabbit) and BCIP/NBT staining in the dark for 3 h,
blots were analyzed on a gel imaging system for target
bands and internal reference bands. Experiments were
repeated three times and OD values were calculated.

Expression of miR-145 in SW620 and normal human
colonic epithelial cell line

RT-PCR analysis revealed that miR145 expression
in normal colonic epithelial cells was relatively high,
whereas its expression in SW620 colon cancer cells was
markedly downregulated. There was an approximately
fivefold difference, which was statistically significant (P
< 0.05) (Figure 2).

Results of construction and packaging of miR-145
recombinant lentiviral vector and control vector

Construction of lentiviral vector and negative control
sequence was successful, and sequencing results
indicated no mutations. Both sequences were
consistent with the expectation, indicating that
insertion of miR-145 sequence was successful, and
could be used for further experiments. Sequencing
was done by TaKaRa. At 72 h post transfection of
HEK293T cells with the lentiviral vector system, we
observed green fluorescence under fluorescence
microscopy. Eighty to ninety percent of cells expressed
green fluorescence. We observed a cytopathic effect
of shrinking, swelling and rounding of cells, and some
cells were detached and floating (Figure 3A and B).
9
Viral titers were 2.08 × 10 TU/mL in the experimental
9
group and 1.92 × 10 TU/mL in the control group.
Both met the requirement of the study and could be

Statistical analysis

SPSS for Windows version 19.0 was used for statistical
analysis. Data were expressed as mean ± SD.
Differences among groups were compared using oneway ANOVA. P < 0.05 was considered statistically
significant.

RESULTS
Expression of miR-145 in colon cancer and normal
control tissues

RNA sequencing and quantitative analysis indicated
that miR-145 expression was markedly decreased in
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Figure 3 HEK239T cells under regular (A) and fluorescence (B) microscopy
(magnification × 40) at 72 h after transfection with lentiviral vector.

Control
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Figure 4 Reverse transcriptase polymerase chain reaction analysis of
mature miR-145 expression in two groups of cells.

used for further experiments.
15

miR-145 expression in transduced SW620 cells

RT-PCR data showed that miR-145 expression in SW620
cells transduced with control lentiviral vector was low,
whereas its expression in miR-145-transduced SW620
cells was 8.2-fold higher. The difference was statistically
significant (P < 0.05) (Figure 4), indicating the success
of generating the miR-145 lentiviral transfection system
for future experiments.

OD value

12
9
6
3

Effect of miR-145 overexpression on SW620 cell
proliferation

0

0

24

48

72

96

120

144

   t/h

Two groups of SW620 cells were cultured separately
for 24, 48, 72, 96, or 120 h followed by MTT analysis.
Plates were read on a plate reader and proliferation
curves were generated based on OD values. Results
indicated that SW620 cells of the control group
proliferated rapidly, whereas cells of the experimental
group had significantly slower growth (P < 0.05),
suggesting that miR-145 lentiviral vector can markedly
inhibit the proliferation of SW620 colon cancer cells
(Figure 5).

Figure 5 Growth curves of SW620 cells at indicated time points after
transduction with lentiviral vectors.

markedly inhibit migration of SW620 cells (Figure 6).

Western blot analysis of miR-145 regulation of N-ras
expression

Western blot analysis revealed that N-ras expression
level in miR-145-transduced SW620 cells was signifi
cantly reduced as compared to the empty vector and
blank control groups (P < 0.05), whereas the empty
vector and blank control groups had similar N-ras
expression levels (P < 0.05), suggesting that miR-145
downregulated N-ras protein expression by effectively
suppressing N-ras mRNA translation (Figure 7).

Wound healing study for analysis of effect of miR-145
on SW620 cell migration

Our data showed that at 48 h after scratching the
monolayer of cells, the wound in the control group
was basically healed. The miR-145 group showed a
small number of cells migrating to the open area, and
the wound was still apparent. The MI in the control
and experimental groups was 97.27% ± 9.25% and
70.22% ± 6.53%, respectively. The differences between
the two groups were statistically significant (P < 0.05),
suggesting that upregulating expression of miR-145 can
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DISCUSSION
Currently, the genes and molecular mechanisms
involved in colon cancer development and progression
[17]
have become a hot research topic . Studies have
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miR-145
overexpression

Control

0h

48 h

Figure 6 Effect of miR-145 on SW620 cell migration (magnification × 100). MI = 100% (g0-gt)/g0; g0 represents the width of the open area immediately after
scratching the monolayer (0 h); gt represents the width of the open area at t h post scratching the monolayer.
miR-145
overexpression

Control

demonstrated that miRNAs downregulated in cancer
often function as tumor suppressors, while miRNAs
[21]
upregulated in cancer often function as oncogenes .
Various miRNAs and their target genes play important
roles in colon cancer, but their specific mechanisms
remain to be investigated.
miR-145, like miR-143, is downregulated in various
cancers, but the degree of downregulation varies in
[22]
different cancers . Research has shown that miR-145
is downregulated by approximately 2.5-fold in breast
cancer, 10-fold in nasal cancer and 20-fold in bladder
[23-26]
cancer
. We have observed that miR-145 expression
in colon cancer is 4-5-fold lower than in normal colonic
tissues, and the degree of downregulation is positively
correlated with colon cancer progression. In the present
study, we demonstrated miR-145 downregulation in
SW620 colon cancer cells and found that expression of
miR-145 in normal human colonic epithelial cells was
five times higher than that in SW620 cells. The above
evidence supports that miR-145 may play an important
role in the development and progression of various
cancers.
miR-145 expression is decreased in SW620 cells,
thus, we chose to examine its function further by
upregulating its expression. In this study, we used
lentiviral vector to express miR-145. Lentiviral vector
is a novel vector type developed in recent years,
which has high transfection efficiency and low cellular
immune response and exerts its silencing effect via
[27,28]
gene integration
. After successful construction of
lentiviral vectors, HEK293T cells were transfected for
viral packaging. Both transfection efficiency and viral
titers met experimental requirements, so, the vectors

Blank

N-ras

b-actin

Relative OD value of N-ras

Relative OD value of N-ras protein by Western blot
1.0
0.8
0.6
0.4
0.2
0.0

miR-145

Control
  Groups

Blank

Figure 7 Effects of miR-145 on N-ras protein expression.

shown that many miRNAs are abnormally expressed
in colon cancer tissues and cell lines. Among them,
miR-143 is downregulated, whereas miR-21 and
miR-223 are upregulated in colon cancer. They each
function by regulating different target genes and
are tightly related to each other during colon cancer
[18-20]
development and progression
. It has been
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targeted therapy has become the main specific anti-cancer treatment. Blocking
invasive migration by modifying the microenvironment at the molecular level is
the frontier of current research in colorectal cancer therapeutics. Some experts
have predicted that targeting miRNA in biological cancer therapeutics will be
more effective than targeting coding genes.

could be used for further experiments.
In terms of inhibiting SW620 cell proliferation, we
found that cells in the blank control group proliferated
exponentially at 24, 48, 72, 96 and 120 h, while the
proliferation rate of cells in the experimental group
(miR-145-tranduced SW620 cells) was significantly
lower compared to that in the blank control group,
indicating that miR-145 can markedly suppress SW620
cell proliferation. This suggests that miR-145 plays a
critical role in inhibiting colon cancer growth.
Cancer cells with metastatic potential have mi
gratory ability, and cells with high metastatic potential
[29,30]
often have more active migratory ability
. We used
a wound healing assay to examine colon cancer cell
migration. Our data showed that overexpression of
miR-145 using recombinant lentiviral vector decrea
sed the MI of SW620 cells by > 20% and markedly
suppressed wound healing ability, indicating that
miR-145 can suppress colon cancer cell migration
and distant invasion. This is an important finding
regarding cancer cell migration, which agrees with our
expectation.
Ras oncogene is involved in human cancer de
velopment and progression. Although Ras mutation
in colon cancer mainly involves K-ras, and N-ras
mutation accounts for only 5%, the role of N-ras
in colon cancer cannot be replaced by K-ras. K-ras
expression promotes colon cancer cell proliferation,
but it also makes these cancer cells prone to
apoptosis. In contrast, high expression of N-ras does
not promote cancer cell proliferation, but markedly
inhibits cancer cell apoptosis. This function of N-ras
[31,32]
cannot be replaced by K-ras
. By determining N-ras
expression level in colon cancer tissues, we found
that N-ras expression in cancer tissues is increased
as compared to normal tissues, and this trend is the
opposite from miR-145. This is consistent with our
finding using bioinformatics that N-ras is a target gene
of miR-145. miR-145 may induce apoptosis of SW620
colon cancer cells by regulating N-ras. We postulate
that downregulation of miR-145 during colon cancer
development may lead to decreased suppression of
N-ras, and therefore, increased N-ras expression in
cancer cells. N-ras signaling then leads to resistance
to proapoptotic signals and promotes colon cancer
development.
In conclusion, miR-145 may play an important role
in inhibiting colon cancer proliferation and invasive
migration. This finding lays a good foundation for
further investigation of targeting miR-145 as a tumor
suppressor in colon cancer treatment, and provides new
evidence for the anti-cancer effects and therapeutic
potential of miR-145.

Research frontiers

miRNA-145 (miR-145) expression is downregulated in many cancers including
breast cancer, melanoma, ovarian cancer, and liver cancer, suggesting that
miR-145 may function as a tumor suppressor. However, so far, there has been
no systematic research on the role of miR-145 in colorectal cancer.

Innovations and breakthroughs

miR-145 may induce apoptosis of SW620 colon cancer cells by regulating
N-ras. The authors postulate that downregulation of miR-145 during colon
cancer development may lead to decreased suppression of N-ras and therefore
increased N-ras expression in cancer cells. N-ras signaling then leads to
resistance to proapoptotic signals and promotes colon cancer development.

Applications

miR-145 may play an important role in inhibiting colon cancer proliferation and
invasive migration. This finding lays a good foundation for further investigation
on targeting miR-145 as a tumor suppressor in colon cancer treatment, and
provides novel evidence for the anti-cancer effects and therapeutic potential of
miR-145.

Terminology

miRNAs are endogenous, evolutionarily conserved, single chain non-coding
RNAs consisting of 19-22 nucleotides, which inhibit mRNA transcription or
induce mRNA degradation by base-paring with the 3’ untranslated region of
target mRNA, and thus play an important role in cell proliferation, differentiation
and apoptosis, gene regulation, and tumor formation by suppressing the
expression of target genes.

Peer-review

Authors presented a study in which they evaluated the role of microRNA-145
on colon cancer. They showed evidences of the tumor suppressor activity of
microRNA-145 in colon cancer using several approaches.

REFERENCES
1

2

3
4

5
6

COMMENTS
COMMENTS
Background

7

Invasive migration at early stages is a critical factor affecting the prognosis and
survival of colorectal cancer patients. With the development of genetic therapy,

WJG|www.wjgnet.com

2777

Swiderska M, Choromańska B, Dąbrowska E, KonarzewskaDuchnowska E, Choromańska K, Szczurko G, Myśliwiec P, Dadan J,
Ladny JR, Zwierz K. The diagnostics of colorectal cancer. Contemp
Oncol (Pozn) 2014; 18: 1-6 [PMID: 24876814 DOI: 10.5114/
wo.2013.39995]
Winkels RM, Heine-Bröring RC, van Zutphen M, van HartenGerritsen S, Kok DE, van Duijnhoven FJ, Kampman E. The
COLON study: Colorectal cancer: Longitudinal, Observational study
on Nutritional and lifestyle factors that may influence colorectal
tumour recurrence, survival and quality of life. BMC Cancer 2014;
14: 374 [PMID: 24886284 DOI: 10.1186/1471-2407-14-374]
Janakiram NB, Rao CV. The role of inflammation in colon cancer.
Adv Exp Med Biol 2014; 816: 25-52 [PMID: 24818718 DOI: 10.100
7/978-3-0348-0837-8_2]
Tsikitis VL, Larson DW, Huebner M, Lohse CM, Thompson PA.
Predictors of recurrence free survival for patients with stage II and
III colon cancer. BMC Cancer 2014; 14: 336 [PMID: 24886281
DOI: 10.1186/1471-2407-14-336]
Bhatt VR. Targeted therapy in metastatic colon cancer. Future
Oncol 2014; 10: 707-711 [PMID: 24799052 DOI: 10.2217/fon.14.7]
Mahon SM. Microsatellite testing in colon cancer. Oncol Nurs
Forum 2014; 41: 331-333 [PMID: 24769599 DOI: 10.1188/14.
ONF.331-333]
Mathonnet M, Perraud A, Christou N, Akil H, Melin C, Battu
S, Jauberteau MO, Denizot Y. Hallmarks in colorectal cancer:
angiogenesis and cancer stem-like cells. World J Gastroenterol 2014;

March 7, 2016|Volume 22|Issue 9|

Li C et al . SW620 inhibition and miRNA-145

8

9

10

11

12

13

14

15
16

17

18

19

20

20: 4189-4196 [PMID: 24764657 DOI: 10.3748/wjg.v20.i15.4189]
Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often
flanked by adenosines, indicates that thousands of human genes are
microRNA targets. Cell 2005; 120: 15-20 [PMID: 15652477 DOI:
10.1016/j.cell.2004.12.035]
Gregory PA, Bert AG, Paterson EL, Barry SC, Tsykin A, Farshid G,
Vadas MA, Khew-Goodall Y, Goodall GJ. The miR-200 family and
miR-205 regulate epithelial to mesenchymal transition by targeting
ZEB1 and SIP1. Nat Cell Biol 2008; 10: 593-601 [PMID: 18376396
DOI: 10.1038/ncb1722]
Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D,
Sweet-Cordero A, Ebert BL, Mak RH, Ferrando AA, Downing JR,
Jacks T, Horvitz HR, Golub TR. MicroRNA expression profiles
classify human cancers. Nature 2005; 435: 834-838 [PMID:
15944708 DOI: 10.1038/nature03702]
Huang Q, Gumireddy K, Schrier M, le Sage C, Nagel R, Nair S,
Egan DA, Li A, Huang G, Klein-Szanto AJ, Gimotty PA, Katsaros
D, Coukos G, Zhang L, Puré E, Agami R. The microRNAs miR-373
and miR-520c promote tumour invasion and metastasis. Nat Cell
Biol 2008; 10: 202-210 [PMID: 18193036 DOI: 10.1038/ncb1681]
Chivukula RR, Shi G, Acharya A, Mills EW, Zeitels LR, Anandam
JL, Abdelnaby AA, Balch GC, Mansour JC, Yopp AC, Maitra A,
Mendell JT. An essential mesenchymal function for miR-143/145 in
intestinal epithelial regeneration. Cell 2014; 157: 1104-1116 [PMID:
24855947 DOI: 10.1016/j.cell.2014.03.055]
Iorio MV, Visone R, Di Leva G, Donati V, Petrocca F, Casalini P,
Taccioli C, Volinia S, Liu CG, Alder H, Calin GA, Ménard S, Croce
CM. MicroRNA signatures in human ovarian cancer. Cancer Res
2007; 67: 8699-8707 [PMID: 17875710 DOI: 10.1158/0008-5472.
CAN-07-1936]
Kim SJ, Oh JS, Shin JY, Lee KD, Sung KW, Nam SJ, Chun KH.
Development of microRNA-145 for therapeutic application in breast
cancer. J Control Release 2011; 155: 427-434 [PMID: 21723890
DOI: 10.1016/j.jconrel.2011.06.026]
Duan X, Hu J, Wang Y, Gao J, Peng D, Xia L. MicroRNA-145: a pro
mising biomarker for hepatocellular carcinoma (HCC). Gene 2014;
541: 67-68 [PMID: 24630966 DOI: 10.1016/j.gene.2014.03.018]
Li Y, Huang Q, Shi X, Jin X, Shen L, Xu X, Wei W. MicroRNA
145 may play an important role in uveal melanoma cell growth by
potentially targeting insulin receptor substrate-1. Chin Med J (Engl)
2014; 127: 1410-1416 [PMID: 24762580]
Djaldetti M, Bessler H. Modulators affecting the immune dialogue
between human immune and colon cancer cells. World J Gastrointest
Oncol 2014; 6: 129-138 [PMID: 24834143 DOI: 10.4251/wjgo.
v6.i5.129]
Gregersen LH, Jacobsen A, Frankel LB, Wen J, Krogh A, Lund
AH. MicroRNA-143 down-regulates Hexokinase 2 in colon cancer
cells. BMC Cancer 2012; 12: 232 [PMID: 22691140 DOI: 10.1186/1
471-2407-12-232]
Li T, Leong MH, Harms B, Kennedy G, Chen L. MicroRNA-21 as
a potential colon and rectal cancer biomarker. World J Gastroenterol
2013; 19: 5615-5621 [PMID: 24039353 DOI: 10.3748/wjg.v19.
i34.5615]
Zhang J, Luo X, Li H, Yue X, Deng L, Cui Y, Lu Y. MicroRNA-223
functions as an oncogene in human colorectal cancer cells.
Oncol Rep 2014; 32: 115-120 [PMID: 24819398 DOI: 10.3892/
or.2014.3173]

21

22

23

24

25

26
27

28

29

30

31

32

Nicoloso MS, Spizzo R, Shimizu M, Rossi S, Calin GA.
MicroRNAs--the micro steering wheel of tumour metastases. Nat
Rev Cancer 2009; 9: 293-302 [PMID: 19262572 DOI: 10.1038/
nrc2619]
Iio A, Takagi T, Miki K, Naoe T, Nakayama A, Akao Y. DDX6
post-transcriptionally down-regulates miR-143/145 expression
through host gene NCR143/145 in cancer cells. Biochim Biophys
Acta 2013; 1829: 1102-1110 [PMID: 23932921 DOI: 10.1016/
j.bbagrm.2013.07.010]
Schepeler T, Reinert JT, Ostenfeld MS, Christensen LL,
Silahtaroglu AN, Dyrskjøt L, Wiuf C, Sørensen FJ, Kruhøffer M,
Laurberg S, Kauppinen S, Ørntoft TF, Andersen CL. Diagnostic
and prognostic microRNAs in stage II colon cancer. Cancer Res
2008; 68: 6416-6424 [PMID: 18676867 DOI: 10.1158/0008-5472.
CAN-07-6110]
Chen HC, Chen GH, Chen YH, Liao WL, Liu CY, Chang KP,
Chang YS, Chen SJ. MicroRNA deregulation and pathway
alterations in nasopharyngeal carcinoma. Br J Cancer 2009; 100:
1002-1011 [PMID: 19293812 DOI: 10.1038/sj.bjc.6604948]
Ichimi T, Enokida H, Okuno Y, Kunimoto R, Chiyomaru T,
Kawamoto K, Kawahara K, Toki K, Kawakami K, Nishiyama
K, Tsujimoto G, Nakagawa M, Seki N. Identification of novel
microRNA targets based on microRNA signatures in bladder cancer.
Int J Cancer 2009; 125: 345-352 [PMID: 19378336 DOI: 10.1002/
ijc.24390]
Sachdeva M, Mo YY. MicroRNA-145 suppresses cell invasion
and metastasis by directly targeting mucin 1. Cancer Res 2010; 70:
378-387 [PMID: 19996288 DOI: 10.1158/0008-5472.CAN-09-2021]
Liu L, Zhang N, Liu J, Min J, Ma N, Liu N, Liu Y, Zhang H.
Lentivirus-mediated siRNA interference targeting SGO-1 inhibits
human NSCLC cell growth. Tumour Biol 2012; 33: 515-521 [PMID:
22161216 DOI: 10.1007/s13277-011-0284-0]
Prados J, Melguizo C, Roldan H, Alvarez PJ, Ortiz R, Arias JL,
Aranega A. RNA interference in the treatment of colon cancer.
BioDrugs 2013; 27: 317-327 [PMID: 23553339 DOI: 10.1007/
s40259-013-0019-4]
Bailey KM, Wojtkowiak JW, Cornnell HH, Ribeiro MC, Ba
lagurunathan Y, Hashim AI, Gillies RJ. Mechanisms of buffer therapy
resistance. Neoplasia 2014; 16: 354-364.e1-3 [PMID: 24862761 DOI:
10.1016/j.neo.2014.04.005]
Tang X, Kuhlenschmidt TB, Li Q, Ali S, Lezmi S, Chen H,
Pires-Alves M, Laegreid WW, Saif TA, Kuhlenschmidt MS. A
mechanically-induced colon cancer cell population shows increased
metastatic potential. Mol Cancer 2014; 13: 131 [PMID: 24884630
DOI: 10.1186/1476-4598-13-131]
Yin Y, Yan ZP, Lu NN, Xu Q, He J, Qian X, Yu J, Guan X, Jiang
BH, Liu LZ. Downregulation of miR-145 associated with cancer
progression and VEGF transcriptional activation by targeting N-RAS
and IRS1. Biochim Biophys Acta 2013; 1829: 239-247 [PMID:
23201159 DOI: 10.1016/j.bbagrm.2012.11.006]
Panza A, Votino C, Gentile A, Valvano MR, Colangelo T, Pancione
M, Micale L, Merla G, Andriulli A, Sabatino L, Vinciguerra
M, Prattichizzo C, Mazzoccoli G, Colantuoni V, Piepoli A.
Peroxisome proliferator-activated receptor γ-mediated induction
of microRNA-145 opposes tumor phenotype in colorectal cancer.
Biochim Biophys Acta 2014; 1843: 1225-1236 [PMID: 24631504
DOI: 10.1016/j.bbamcr.2014.03.003]
P- Reviewer: Chiurillo MA S- Editor: Yu J L- Editor: Kerr C
E- Editor: Wang CH

WJG|www.wjgnet.com

2778

March 7, 2016|Volume 22|Issue 9|

World J Gastroenterol 2016 March 7; 22(9): 2779-2788
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.i9.2779

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

New role and molecular mechanism of Gadd45a in hepatic
ﬁbrosis
Liang Hong, Qing-Feng Sun, Ting-Yan Xu, Yang-He Wu, Hui Zhang, Rong-Quan Fu, Fu-Jing Cai,
Qing-Qing Zhou, Ke Zhou, Qing-Wei Du, Dong Zhang, Shuang Xu, Ji-Guang Ding
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/

Liang Hong, Qing-Feng Sun, Yang-He Wu, Hui Zhang,
Rong-Quan Fu, Fu-Jing Cai, Qing-Qing Zhou, Ke Zhou,
Qing-Wei Du, Dong Zhang, Shuang Xu, Ji-Guang Ding,
Department of Infectious Diseases, the Third Affiliated Hospital
to Wenzhou Medical University, Wenzhou 325200, Zhejiang
Province, China

Correspondence to: Ji-Guang Ding, MD, Department of
Infectious Diseases, the Third Affiliated Hospital to Wenzhou
Medical University, 108 Wansong Road, Wenzhou 325200,
Zhejiang Province, China. djg5011@163.com
Telephone: +86-577-65866271
Fax: +86-577-65866586

Ting-Yan Xu, Department of Infectious Diseases, The First
Peoples Hospital of Xiaoshan Disrict, Hangzhou 311200,
Zhejiang Province, China
Hui Zhang, Department of Infectious Diseases, Tianjin Baodi
Hospital, Tianjin 301800, China

Received: May 14, 2015
Peer-review started: May 15, 2015
First decision: June 19, 2015
Revised: August 4, 2015
Accepted: November 9, 2015
Article in press: November 9, 2015
Published online: March 7, 2016

Author contributions: Hong L, Sun QF and Xu TY equally
contributed to this paper; Hong L and Ding JG designed the
research; Sun QF, Xu TY, Wu YH, Zhang H, Fu RQ, Cai FJ, Zhou
QQ, Zhou K, Du QW, Zhang D and Xu S performed the research;
Sun QF and Ding JG analyzed the data; and Hong L, Sun QF and
Xu TY wrote the paper.
Supported by Medicine and Health Research Programs of
Zhejiang Province, No. 2013KYB252; and the Science Foundation
of the Science and Technology Commission of Ruian City, No.
201302012.

Abstract
AIM: To investigate the role of Gadd45a in hepatic
ﬁbrosis and the transforming growth factor (TGF)-β/
Smad signaling pathway.

Institutional animal care and use committee statement:
Animals (Shanghai Center of Experimental Animal, Chinese
Academy of Sciences) were housed and fed with free access
to food and water. All procedures were performed following
approval of the Institutional Animal Care and Use Committee of
the Chinese Academy of Sciences.

METHODS: Wild-type male BALB/c mice were treated
with CCl4 to induce a model of chronic liver injury.
Hepatic stellate cells (HSCs) were isolated from the liver
of BALB/c mice and were treated with small interfering
RNAs (siRNAs) targeting Gadd45a or the pcDNA3.1Gadd45a recombinant plasmid. Cellular α-smooth
muscle actin (α-SMA), β-actin, type Ⅰ collagen, phosphoSmad2, phospho-Smad3, Smad2, Smad3, and Smad4
were detected by Western blots. The mRNA levels of
α-SMA, β-actin, and type Ⅰ collagen were determined
by quantitative real-time (qRT)-PCR analyses. Reactive
oxygen species production was monitored by ﬂow
cytometry using 2,7-dichlorodihydroﬂuorescein diacetate.

Conflict-of-interest statement: The authors declare no conflicts
of interest.
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
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Gadd45a, Gadd45b, anti-Gadd45g, type Ⅰ collagen, and
SMA local expression in liver tissue were measured by
histologic and immunohistochemical analyses.

as collagens, proteoglycans, ﬁbronectin, and a
[3]
variety of glycoproteins . Activated hepatic stellate
cells (HSCs) play a vital role in the fibrogenic and
inflammatory response by increasing cell proliferation,
excessive deposition of fibrous collagen-rich ECM,
[4,5]
and expression of α-smooth muscle actin (α-SMA) .
Moreover, activated HSCs also contribute to the
immunoregulatory response to injury through the
[6]
production of chemokines and cytokines . Although
the role of HSCs in hepatic ﬁbrosis has been well
established, the detailed underlying mechanisms
remain incompletely understood.
Gadd45 proteins, a family of p53-regulated and
DNA damage-inducible proteins, have been found
[7-9]
to negatively regulate cell growth and apoptosis .
The three proteins, known as Gadd45a, Gadd45b,
and Gadd45g, share 55-58% amino acid homology
and function as stress sensors in response to various
physiologic or environmental stresses, including
methyl methanesulfonate, hypoxia, ionizing radiation,
UV radiation, cisplatin, growth factor withdrawal, and
medium depletion, finally resulting in cell cycle arrest,
[8-12]
DNA repair, genomic stability, and apoptosis
.
Among the three proteins, Gadd45a can interact with
[13,14]
[15]
key cell regulators such as p21
, cdc2/cyclinB1 ,
[14,16]
[17]
proliferating cell nuclear antigen
, p38 , and
[18]
MAP kinase kinase kinase (MEKK4) . Recent reports
have suggested that downregulation of Gadd45a and
Gadd45g proteins contributes to nuclear factor (NF)κB-mediated cell survival, as inhibition of NF-κB in
cancer cells results in the Gadd45a- and Gadd45gdependent induction of apoptosis via the activation
[19]
of c-Jun N-terminal kinase (JNK) . Furthermore,
all three Gadd45 proteins can bind to and activate
[18]
MEKK4 , thus leading to the activation of both JNK
and p38; in addition, it has been proposed that the
induction of Gadd45 is required for normal activation
of JNK and p38 in response to cellular stress induced
[20]
by UV radiation . Therefore, Gadd45 proteins have
been shown to play similar but not identical roles,
depending on the particular stress response pathway
[21,22]
that is activated
.
In addition, Gadd45 proteins play crucial roles in
transforming growth factor (TGF)-β-mediated apoptosis
[23]
of hepatocytes and myeloid cells . TGF-β induces the
phosphorylation of Smad2 and Smad3 proteins through
a heteromeric complex of type Ⅰ and type Ⅰ serine/
[24,25]
threonine kinase receptors
. In ﬁbrotic liver, en
hanced TGF-β signaling stimulates transdifferentiation
of HSCs to α-SMA-positive myoﬁbroblasts that are
[26,27]
the main producers of excessive ECM proteins
.
Therefore, the aim of this study was to clarify the role of
both Gadd45- and Smad-independent TGF-β signaling
pathways so that a promising therapeutic strategy for
[28]
the treatment of hepatic ﬁbrosis can be developed .

RESULTS: Significant downregulation of Gadd45a, but
not Gadd45b or Gadd45g, accompanied by activation
of the TGF-β/Smad signaling pathways was detected
in fibrotic liver tissues of mice and isolated HSCs
with chronic liver injury induced by CCl4 treatment.
Overexpression of Gadd45a reduced the expression
of extracellular matrix proteins and α-SMA in HSCs,
whereas transient knockdown of Gadd45a with siRNA
reversed this process. Gadd45a inhibited the activity of
a plasminogen activator inhibitor-1 promoter construct
and (CAGA)9 MLP-Luc, an artificial Smad3/4-specific
reporter, as well as reduced the phosphorylation and
nuclear translocation of Smad3. Gadd45a showed
protective effects by scavenging reactive oxygen
species and upregulating antioxidant enzymes.
CONCLUSION: Gadd45a may counteract hepatic
ﬁbrosis by regulating the activation of HSCs via the
inhibition of TGF-β/Smad signaling.
Key words: Antioxidant; Gadd45a; Hepatic ﬁbrosis;
Hepatic stellate cells; Transforming growth factor-β/
Smad signaling
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The data in this paper provide evidence
that Gadd45a may exert a protective effect against
hepatic ﬁbrosis induced by CCl 4, via the inhibition
of canonical transforming growth factor-β/Smad
signaling and ﬁbrogenic gene expression. We also
propose a molecular basis for the antioxidant potential
of Gadd45a in the hepatic ﬁbrosis process. Although
clinical methods for the direct targeting of hepatic
stellate cells remain under development, our study
provides an important advance in the understanding of
the biologic functions of Gadd45a and a potential target
for the treatment of hepatic ﬁbrosis.
Hong L, Sun QF, Xu TY, Wu YH, Zhang H, Fu RQ, Cai FJ, Zhou
QQ, Zhou K, Du QW, Zhang D, Xu S, Ding JG. New role and
molecular mechanism of Gadd45a in hepatic ﬁbrosis. World J
Gastroenterol 2016; 22(9): 2779-2788 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i9/2779.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i9.2779

INTRODUCTION
Hepatic ﬁbrosis is a wound-healing response cha
racterized by the accumulation of extracellular matrix
(ECM) following liver injury, and may lead to cirrhosis
and hepatocellular carcinoma. Therefore, hepatic
fibrosis is responsible for significant morbidity and
[1,2]
mortality . All types of liver ﬁbrosis, regardless of
etiology, cause excessive deposition of ECM, such
WJG|www.wjgnet.com

MATERIALS AND METHODS
Model of chronic liver injury

Wild-type male BALB/c mice (6-8 wk) were obtained
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Table 1 Primers used in this study
Gene
Collagen Ⅰ
Fibronectin
a-SMA
Gadd45g
Gadd45a
Gadd45b
GADPH

Forward primer

Reverse primer

GGAATCCGGGGTTTACCTGG
GAGCCGGACAACTTCTGGTC
TCTTCCAGCCTTCCTTTA
CAATGTGACCTTCTGTGT
GACGAATCCACATTCATCTC
ATTGACGAGGAGGAGGAG
CTCTGGTAAAGTGGATATTGT

AGGCGACCCTCTGATACCTT
ATTTGCTGAGCCTGCCTCTT
ATGTCAATGTCACACTTCA
ATCAGCGTAAAATGGATCT
TTGATCCATGTAGCGACTT
GTTGTCACAGCAGAAGGA
GGTGGAATCATATTGGAACA

SMA: Smooth muscle actin.

from the Shanghai Laboratory Animal Company
(Shanghai, China), maintained on a 12-h light/dark
cycle at 25 ℃ , and were provided free access to
commercial rodent food and tap water before the
experiments. To induce chronic liver injury, mice
were administered CCl4 by gavage, biweekly for up
to 4 wk. CCl4 was diluted in mineral oil as described
[29]
previously . The first dose of CCl4 was 100 µL/kg
body weight, and subsequent doses were adjusted,
based on weight changes 48 h after the most recent
dose. Control animals received mineral oil only. These
experiments were conducted in accordance with the
Shanghai Jiao Tong University Guidelines for the Care
and Use of Laboratory Animals.

and loaded on a 10%-12% sodium dodecyl sulfatepolyacrylamide gel. After 1 h of separation by
electrophoresis, the proteins were transferred elec
trophoretically to polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, United States). The
membranes were blocked with 5% nonfat dried milk
in tris-buffered saline with tween for 1 h and then
incubated with primary antibodies against α-SMA, β-actin
(Abcam, Cambridge, United Kingdom), typeⅠcollagen,
phospho-Smad2, phospho-Smad3, Smad2, Smad3,
and Smad4 (Cell Signaling Technology, Inc., Danvers,
MA, United States) at the appropriate concentrations
(1:1000). Membranes were probed with anti-mouse
or anti-rabbit immunoglobulin (Ig)G secondary anti
bodies conjugated to horseradish peroxidase and then
visualized using an enhanced chemiluminescence
detection system (EMD Millipore).

HSC isolation and transient transfection

HSCs were isolated by perfusion with collagenase
[30]
and cultured as described previously . In brief,
HSCs were isolated from the liver of BALB/c mice by
perfusion with Hanks’ balanced salt solution (HBSS),
then 0.4% protease (Sigma-Aldrich, St. Louis, MO,
United States), followed by 0.01% collagenase
(Sigma-Aldrich) solutions in Dulbecco’s modified
Eagle medium (DMEM)/F12 medium. After gentle
mechanical disruption, the resulting suspension was
incubated at 37 ℃ in a 0.4% collagenase solution in
DMEM/F12 with 0.5 mg/mL DNAase for 20 min. The
supernatant was then centrifuged and resuspended
in 20% Optiprep (Sigma-Aldrich) diluted in HBSS
and overlaid with 11.2% Optiprep, then overlaid with
HBSS and centrifuged at 1400 × g for 17 min. HSCs
were harvested from the interface of the Optiprep and
HBSS layers, and were washed twice with complete
RPMI 1640 containing penicillin, streptomycin, and
amphotericin B (Lonza, Basel, Switzerland). For
overexpression or silencing of Gadd45 proteins,
Lipofectamine Plus (Invitrogen of Thermo Fisher
Scientific, Waltham, MA, United States) was used to
transfect small interfering RNAs (siRNAs) targeting
Gadd45a or pcDNA3.1-Gadd45a plasmid into HSCs
according to the manufacturer’s protocol. Cells were
collected for quantitative real-time (qRT)-PCR and
Western blot detection after 48 h.

qRT-PCR analyses

Total RNA from microglia was extracted using TRIzol
reagent (Omega Bio-Tek, Inc., Norcross, GA, United
States), and 2 µL of purified RNA was transcribed
to cDNA by using the PrimeScript RT reagent kit
according to the manufacturer’s instructions. The cDNA
was used as the template, and qPCR was performed
with the Roche LightCycler 480 system (Roche Holding
AG, Basel, Switzerland) by using SYBR Premix Ex
Taq. The threshold cycle (Ct) values were used for
calculating the relative expression ratios of SK channel
genes. The relative gene expression was calculated
with the ∆∆Ct equation: ∆Ct = Cttarget - CtGAPDH, ∆∆Ct =
-∆∆Ct
∆Cttarget - ∆Ctcontrol, where 2
= relative expression,
and was directly proportional to gene expression. The
gene-specific primers used in this study are shown in
Table 1.

Measurement of reactive oxygen species production

Measurement of reactive oxygen species (ROS)
production was monitored by ﬂow cytometry using
2,7-dichlorodihydroﬂuorescein diacetate. This dye
is a stable nonpolar compound that readily diffuses
into cells and is hydrolyzed by intracellular esterases
to yield 2,7-dichlorodihydroﬂuorescein, which is then
trapped within the cells. Hydrogen peroxide and
low-molecular-weight peroxides produced by the
cells oxidize 2,7-dichlorodihydroﬂuorescein to the

Western blot analysis

Cellular proteins were extracted with lysis buffer
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Figure 1 Expression of fibrogenic proteins and extracellular matrix deposition in the liver of mice exposed to CCl4. A: Relative mRNA expression of
collagen Ⅰ, ﬁbronectin, and a-SMA after 1, 2, 3, and 4 wk of CCl4 treatment, as determined by quantitative RT-PCR; B: Protein expression of collagen Ⅰ, ﬁbronectin,
and a-SMA after 1, 2, and 4 wk of CCl4 treatment, as determined by Western blot; C: Picrosirius red staining shows hepatic collagen deposition in mice treated with
CCl4 for 4 wk; saline treatment served as the control group. SMA: Smooth muscle actin.

highly ﬂuorescent compound 2,7-dichloroﬂuorescein.
Thus, the ﬂuorescence intensity is proportional to
the amount of peroxide produced by the cells. After
treatment, HSCs were incubated in 20 µmol/L 2,7-d
ichlorodihydroﬂuorescein diacetate for 30 min. The
cells were harvested, washed once, and resuspended
in phosphate-buffered saline. Fluorescence was mo
nitored using a ﬂow cytometer.

followed by horseradish peroxidase-conjugated antirabbit IgG secondary antibodies, according to the
manufacturer’s instructions. α-SMA-positive areas,
indicated by the brown color, within the ﬁbrotic region
were then observed.

Statistical analysis

Data are expressed as mean ± SD. Statistical sig
niﬁcance was determined by the Student’s t test for
comparison between means or one-way analysis of
variance with the post hoc Dunnett’s test. Differences
were considered signiﬁcant at P < 0.05.

Histologic and immunohistochemical analysis

Liver tissue was collected by perfusion, ﬁxed with
HBSS containing 4% paraformaldehyde, and em
bedded in parafﬁn. Serial 4 µm sections were
subjected to hematoxylin and picrosirius red staining
using standard procedures. For immunohistochemical
analysis, deparafﬁnized sections were incubated with
anti-Gadd45a, anti-Gadd45b, anti-Gadd45g, antitype Ⅰ collagen, or anti-α-SMA primary antibodies

WJG|www.wjgnet.com

RESULTS
Chronic CCl4 injury increases fibrogenic protein
expression and ECM deposition

As shown in Figure 1A, the relative mRNA expression
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Figure 2 Chronic CCl4 injury suppresses Gadd45a expression and activates TGF-b/Smad signaling. A: Relative mRNA expression levels of Gadd45a,
Gadd45b, and Gadd45g in the livers of mice treated with CCl4 for 1, 2, and 4 wk; the saline-treated group served as the control group; B: Relative protein expression
levels of Gadd45a, Gadd45b, and Gadd45g in the livers of mice treated with CCl4 for 1, 2, and 4 wk; C: Immunofluorescence staining of Gadd45a, Gadd45b, and
Gadd45g (in green) in HSCs treated with CCl4 for 4 wk (nuclei are stained blue with DAPI; scale bars = 10 mm); D: Expression levels of p-Smad2, p-Smad3, Smad2,
Smad3, and Smad4 were analyzed in HSCs treated with CCl4 for 1, 2, and 4 wk. HSC: Hepatic stellate cells; TGF: Transforming growth factor.

of hepatic collagen Ⅰ , ﬁbronectin, and α-SMA was
enhanced in mice treated with CCl4. Collagen Ⅰ and
α-SMA expression reached a peak after 4 wk, and
ﬁbronectin expression reached a peak after 3 wk.
Moreover, Western blot analysis showed similar results,
with a gradual increase of collagen Ⅰ, ﬁbronectin, and
α-SMA protein expression levels in a time-dependent
manner (Figure 1B). Furthermore, picrosirius red
staining showed that the deposition of collagen fibers
was increased in the liver of mouse models (Figure
1C). These results demonstrate that the chronic liver
injury model was successfully established.

compared with the saline-treated group. The protein
expression results, assessed by Western blot analysis,
were consistent with the mRNA expression data (Figure
2B). The immunofluorescence results also showed that
CCl4 was able to inhibit the expression of Gadd45a,
but not of Gadd45b or Gadd45g (Figure 2C). The
possible underlying mechanism was also explored. As
shown in Figure 2D, CCl4 remarkably enhanced TGF-β
expression and TGF-β-stimulated phosphorylation of
Smad2, Smad3, and Smad4 (Figure 2D).

Gadd45a inhibits the expression of ECM proteins and

α -SMA in HSCs treated with CCl4

Chronic CCl4 injury suppresses Gadd45a expression
and activates TGF-β /Smad signaling

As shown in Figure 3A, the expression levels of
collagen Ⅰ , ﬁbronectin, and α-SMA in vitro were
increased in the CCl4-treated group when compared
to the saline-treated group. Moreover, Gadd45a
expression was strongly decreased in the CCl4-treated
group, whereas no differences in the expression of
Gadd45b or Gadd45g were observed between the
CCl4-treated and the saline-treated groups (Figure 3B).
The aforementioned results were consistent with the

To investigate the potential role of Gadd45 in chronic
liver injury, the relative mRNA and protein expression
levels of Gadd45 protein in the liver of CCl4- and salinetreated mice were examined. As shown in Figure 2A,
the relative mRNA expression of Gadd45a, but not
Gadd45b or Gadd45g, was significantly reduced in
CCl4-treated mice in a time-dependent manner when
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Figure 4 Gadd45a inhibits hepatic ﬁbrosis through the suppression of
transforming growth factor-b/Smad signaling. A: Effects of Gadd45 on PAI-1Luc activity in HSCs treated with pcDNA3.1, Gadd45a, and Gadd45a siRNA in both
the CCl4 and saline groups; B: Effects of Gadd45 on (CAGA)9 MLP-Luc activity in
HSCs treated with pcDNA3.1, Gadd45a, and Gadd45a siRNA in both the CCl4 and
saline groups. HSC: Hepatic stellate cell; TGF: Transforming growth factor.

Figure 3 Gadd45a inhibits the expression of extracellular matrix proteins and
a-smooth muscle actin in CCl4-treated hepatic stellate cells. A: Expression of
type Ⅰ collagen, ﬁbronectin, and a-SMA in HSCs treated with CCl4 vs saline for 24
h; B: Expression of Gadd45a, Gadd45b, and Gadd45g in HSCs treated with CCl4
vs saline for 24 h; C: Expression of type Ⅰ collagen, ﬁbronectin, a-SMA, Gadd45a,
Gadd45b, and Gadd45g in HSCs transfected with pcDNA3.1-Gadd45a or siRNAGadd45a. HSC: Hepatic stellate cell; SMA: Smooth muscle actin.

[31]

canonical TGF-β/Smad signaling pathways . Gadd45a
remarkably inhibited the CCl4-induced activity of
(CAGA)9 MLP-Luc (Figure 4B). However, knockdown of
Gadd45a increased the activity of (CAGA)9 MLP-Luc to
some extent.

in vivo results. Furthermore, as shown in Figure 3C,
the expression of collagen Ⅰ, ﬁbronectin, and α-SMA
was suppressed after overexpression of Gadd45a in
HSCs treated with CCl4. However, the expression of
collagen Ⅰ, ﬁbronectin, and α-SMA was increased after
Gadd45a silencing in HSCs.

Gadd45a exerts ROS scavenging effects via
upregulating the expression of antioxidant enzymes

CCl4 is known to induce liver ﬁbrosis partly due to
[32]
increased ROS production , and Gadd45 exerts
[33]
its antioxidant properties in chronic liver injury .
However, whether Gadd45a is able to inhibit CCl4mediated ROS generation in HSCs is still unclear.
As shown in Figure 5A, overexpression of Gadd45a
signiﬁcantly reduced the levels of intracellular ROS in
HSCs treated with CCl4 for 24 h, whereas Gadd45a
knockdown enhanced ROS production. Next, we
further explored the expression of antioxidant
enzymes, such as HO-1 and NQO1, which are required
for scavenging ROS. As expected, the relative mRNA
expression of HO-1 and NQO1 was reduced in HSCs
treated with CCl4. Interestingly, the expression of HO-1
and NQO1 was increased when HSCs overexpressed
Gadd45a in both the CCl4 and saline groups. HO-1 and

Gadd45a inhibits hepatic ﬁbrosis through the
suppression of TGF-β /Smad signaling

To determine whether Gadd45a suppresses the
expression of proﬁbrogenic proteins via the inhibition of
TGF-β signaling, the role of Gadd45a on the expression
of plasminogen activator inhibitor-1 (PAI-1), whose
promoter contains three binding sites for Smad3/
Smad4, was ﬁrst assessed. PAI-1 expression was
remarkably decreased in HSCs treated with pcDNA3.1Gadd45a in both the CCl4 and saline groups. In
contrast, PAI-1 expression was significantly increased
in HSCs treated with Gadd45a siRNA in both the CCl4
and saline groups (Figure 4A). Moreover, (CAGA)9
MLP-Luc, an artiﬁcial Smad3/4-speciﬁc reporter, was
used to further conﬁrm the role of Gadd45a on the
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Figure 5 Gadd45a exerts reactive oxygen species scavenging effects by upregulating the expression of antioxidant enzymes. A: The effects of Gadd45a
on ROS generation in CCl4-pretreated HSCs treated with pcDNA3.1, PCDNA3.1-Gadd45a, scrambled siRNA, and Gadd45a siRNA were detected by ﬂow cytometry;
B: Effects of Gadd45a on HO-1 and NQO1 RNA expression in CCl4-pretreated HSCs treated with pcDNA3.1, PCDNA3.1-Gadd45a, scrambled siRNA, and Gadd45a
siRNA; C: Effects of Gadd45a on HO-1 and NQO1 protein expression in CCl4-pretreated HSCs treated with pcDNA3.1, PCDNA3.1-Gadd45a, scrambled siRNA, and
Gadd45a siRNA. HSC: Hepatic stellate cells; ROS: Reactive oxygen species.

NQO1 expression was reduced when the HSCs were
treated with Gadd45a siRNA (Figure 5B). The protein
expression, as detected by Western blot, showed
similar results (Figure 5C). The expression of HO-1
and NQO1 was upregulated in Gadd45a-overexpressed
HSCs treated with CCl4 but downregulated by Gadd45a
knockdown.

explored in HSCs. As shown in Figure 6A, glutathione
was able to suppress the relative mRNA expression
of type Ⅰ collagen and α-SMA to some extent
when compared to DMSO. Similar results of protein
expression were obtained by Western blot (Figure
6B), suggesting that antioxidants play an important
role in the inhibitory effect on hepatic fibrosis induced
by Gadd45a. Thus, the requirement of antioxidant
function of Gadd45a for the inhibition of TGF-β/Smad
was further investigated. As shown in Figure 6C, the
expression of TGF-β, as well as the phosphorylation
of Smad2, Smad3, and Smad4, were inhibited in
the group exposed to the combination of pcDNA3.1-

Gadd45a inhibits the TGF-β /Smad signaling pathways
partly due to its antioxidant properties

To clarify the role of ROS in Gadd45a-mediated
inhibition of the TGF-β/Smad signaling pathways, the
effect of glutathione, a potent ROS scavenger, was
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[34,35]

cirrhosis
, partly because the basic mechanisms
underlying cirrhosis are still elusive despite decades of
study. Therefore, there is an urgent need to identify
effective antiﬁbrotic targets to prevent or treat
hepatic ﬁbrosis. Recently, the regulation of Gadd45a
expression in response to mechanical stress and the
association of Gadd45a genetic variants with acute
lung injury/ventilator-induced lung injury susceptibility
[36]
has been demonstrated . In this study, liver fibrosis
induced by CCl4 administration in BALB/c mice was
accompanied by the downregulation of Gadd45a and
upregulation of TGF-β/Smad, suggesting that these
proteins play an important role in the fibrosis process
that develops during chronic liver injury.
Next, using HSCs, the antiﬁbrotic effect of Gadd45
was found to be associated with suppression of HSC
activation and reduced expression of ECM components
and antiﬁbrolytic proteins. In addition, Gadd45
suppressed CCl4-induced ﬁbrogenic gene expression
through inhibition of TGF-β/Smad signaling. Moreover,
TGF-β has been identified as a potent proﬁbrogenic
[37,38]
factor that contributes to liver ﬁbrosis in patients
.
Growing evidence has suggested that TGF-β exhibits
its proﬁbrotic activity through multiple biologic
mechanisms, such as activation of HSCs to ECMproducing myoﬁbroblasts and induction of epithelialmesenchymal transition of hepatocytes and cho
[38-40]
langiocytes
. Furthermore, the canonical Smaddependent pathway is involved in TGF-β stimulation
of excessive ECM deposition by regulating both ECM
proteins and inhibitors of ECM degradation. Altogether,
inhibition of the TGF-β/Smad signaling pathways is an
attractive therapeutic target for the prevention of liver
[28]
ﬁbrosis . In this study, overexpression of Gadd45a
repressed CCl4-stimulated expression of both ECM
proteins and α-SMA in HSCs. Moreover, Gadd45a
inhibited HSC activation as shown by the reduction of
CCl4-enhanced α-SMA expression.
During hepatic injury, increased ROS in liver tissue
derived from Kupffer cells, inﬁltrated neutrophils, or
hepatocytes and can damage hepatocytes and activate
[2,41]
HSCs, playing a central role in liver ﬁbrosis
. TGF-β
can mediate ROS production, which further enhances
proﬁbrogenic signals of TGF-β through Smad[28]
independent pathways . Thus, Gadd45a exhibits a
protective effect against oxidative stress by scavenging
ROS and upregulating antioxidant enzymes. In this
regard, we hypothesized that Gadd45 may suppress
TGF-β/Smad signaling through induction of antioxidant
genes. Our ﬁndings demonstrated that glutathione
contributes to the suppression of the Smad-dependent
pathway of TGF-β signaling by Gadd45a. Although we
showed that Gadd45a inhibits TGF-β/Smad3-mediated
HSC activation and ROS generation, the precise
mechanisms by which Gadd45a prevents liver ﬁbrosis
induced by chronic CCl4 administration require further
investigation.
Overall, these ﬁndings provide evidence that
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Figure 6 Gadd45a inhibits the transforming growth factor-b/Smad signaling
pathways partly due to its antioxidant properties. A: Relative mRNA
expression of type Ⅰ collagen and a-SMA as determined by quantitative RTPCR. Hepatic stellate cells were stimulated with CCl4 in the presence or absence
of glutathione for 24 h; B: Western blot analyses of type Ⅰ collagen and a-SMA
expression; C: Activation of the TGF-b/Smad signaling pathways was measured
by Western blot analyses of p-Smad2, p-Smad3, Smd2, Smad3, and Smad4.
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Gadd45a and glutathione.

DISCUSSION
To date, there are no antiﬁbrotic drugs approved for
clinical use to prevent and reverse hepatic ﬁbrosis and
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Gadd45a exerts a protective effect against hepatic
ﬁbrosis induced by CCl4 via the inhibition of canonical
TGF-β/Smad signaling and ﬁbrogenic gene expression.
We also propose a molecular basis for the antioxidant
potential of Gadd45a in the hepatic ﬁbrosis process.
Although clinical methods for the direct targeting of
HSCs remain under development, our study provides
an important advance in the understanding of the
biologic functions of Gadd45a and a potential target for
the treatment of hepatic ﬁbrosis.
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AIM: To assess human cytomegalovirus-encoded US28
gene function in colorectal cancer (CRC) pathogenesis.
METHODS: Immunohistochemical analysis was
performed to determine US28 expression in 103
CRC patient samples and 98 corresponding adjacent
noncancerous samples. Patient data were compared
by age, sex, tumor location, histological grade, Dukes’
stage, and overall mean survival time. In addition, the
US28 gene was transiently transfected into the CRC
LOVO cell line, and cell proliferation was assessed using
a cell counting kit-8 assay. Cell cycle analysis by flow
cytometry and a cell invasion transwell assay were also
carried out.
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RESULTS: US28 levels were clearly higher in CRC
tissues (38.8%) than in adjacent noncancerous
samples (7.1%) (P = 0.000). Interestingly, elevated
US28 amounts in CRC tissues were significantly
associated with histological grade, metastasis, Dukes’
stage, and overall survival (all P < 0.05); meanwhile,
US28 expression was not significantly correlated with
age, sex or tumor location. In addition, multivariate Cox
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organisms; this means that about 2 million newly
detected cancers result from infection. The major
organisms implicated are Helicobacter pylori, hepatitis
B and C viruses, and human papillomaviruses, which
cause largely gastric, liver, and cervical/uterine
carcinomas.
Human cytomegalovirus (HCMV), a β-herpesvirus,
is common in the human population. A number
of recent reports suggest the specific involvement
of HCMV in certain human cancers. For example,
HCMV molecules were found in glioblastomas and
medulloblastomas, prostate, breast, and colon
cancers, as well as muco-epidermoid carcinomas of
[5-13]
the salivary glands
. Furthermore, HCMV proteins
are consistently absent in healthy tissues surrounding
HCMV-positive tumors. Interestingly, HCMV has been
shown to dysregulate multiple signaling pathways
[14]
important in cancer pathogenesis .
It remains unclear if HCMV might play an on
[15]
comodulatory role in CRC. Huang et al
was the first
to report that HCMV infections are associated with
CRC; however, other studies have reported discrepant
[16-19]
findings
. Non-detection of HCMV could result
from inadequate assay conditions, which substantially
[20,21]
affect the data
. Although increasing evidence
suggests that HCMV infection is strongly correlated to
[11,22,23]
CRC
, it is unknown whether the virus contributes
to CRC pathogenesis.
HCMV encoded G protein-coupled receptors,
including US27, US28, UL33, and UL78, display a
significant degree of homology to human chemokine
[24]
receptors . These receptors are important immune
factors, although a few (such as CXCR4) are im
[25]
plicated in malignancy . To date, US28, more
so than the other three viral G protein-coupled
[26]
receptors, has been extensively studied
and was
shown to activate signaling networks associated with
cell proliferation and migration, both in vitro and in
[27,28]
vivo
. Accordingly, US28 may markedly subvert
[29]
cell signaling and promote oncogenesis . Here,
immunohistochemistry was performed on samples
from 103 patients previously infected with HCMV in
order to assess the possible roles of US28 in CRC
pathology and prognosis. Furthermore, we studied
the effects of US28 overexpression on proliferation,
chemotherapy sensitivity, cycle distribution, and
invasion of CRC LOVO cells. Our findings provide a
basis for understanding the tumor-promoting effects of
US28 in the pathogenesis of CRC.

regression data revealed US28 level as an independent
CRC prognostic marker (P = 0.000). LOVO cells
successfully transfected with the US28 gene exhibited
higher viability, greater chemotherapy resistance,
accelerated cell cycle progression, and increased
invasion ability.
CONCLUSION: US28 expression is predictive of poor
prognosis and may promote CRC.
Key words: Human cytomegalovirus; US28; Colorectal
cancer; Prognosis; Proliferation; Invasion
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Human cytomegalovirus (HCMV) is strongly
correlated to colorectal cancer (CRC), although it
remains unclear whether the virus contributes to CRC
pathogenesis. We examined the expression of HCMVencoded US28 protein in 103 CRC patient samples
and 98 corresponding adjacent noncancerous samples
using immunohistochemistry; the relationship between
US28 expression and clinicopathological features
was also analyzed. We found that US28 expression
differed significantly between colorectal carcinoma
and adjacent noncancerous colorectal tissues and
that US28 expression was correlated with histological
grade, metastasis, Dukes’ stage, and survival. After
successful transfection with the US28 gene, LOVO
cells exhibited higher viability, greater chemotherapy
resistance, accelerated cell cycle progression, and
increased invasion. These findings indicate that US28
expression predicts a poor prognosis and may promote
the pathogenesis of CRC. Thus, targeting specific HCMV
proteins (e.g. , US28) in endogenously infected CRC
may constitute a novel antitumor approach.
Cai ZZ, Xu JG, Zhou YH, Zheng JH, Lin KZ, Zheng SZ, Ye
MS, He Y, Liu CB, Xue ZX. Human cytomegalovirus-encoded
US28 may act as a tumor promoter in colorectal cancer. World
J Gastroenterol 2016; 22(9): 2789-2798 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i9/2789.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i9.2789

INTRODUCTION
Colorectal cancer (CRC) is ranked third among cancers
in terms of prevalence and cause of death in the United
[1]
States . Globally, CRC is newly diagnosed in > 1
[2]
million individuals per year , resulting in approximately
[3]
715000 deaths in 2010, up from 490000 in 1990 . To
improve therapeutic approaches for CRC, its etiology
and pathogenesis should be further understood.
Growing evidence suggests that infectious agents
significantly affect the pathogenesis of various can
[4]
cers. Indeed, de Martel et al reported that 16.1%
of newly diagnosed cancers are caused by infectious
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MATERIALS AND METHODS
Patients and tissue samples

One hundred and three formalin-fixed, paraffinembedded CRC samples and 98 corresponding ad
jacent noncancerous specimens were obtained from
the Department of Pathology, The Second Affiliated
Hospital of Wenzhou Medical University, China. All
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patients had been infected with HCMV, as confirmed
by blood testing. Sixteen additional CRC cases not
infected with HCMV were used as controls. No patient
had received radiotherapy or chemotherapy before
the operation. Tissue samples were assessed by two
or more expert histopathologists. Tumor staging
was performed according to the Dukes classification
system, with the histological type determined based
on World Health Organization classification criteria.
There were 56 male and 47 female cancer patients,
with an age range of 22-85 years old (mean age, 58.2
years). The main characteristics of the patients are
summarized in Table 1. All colorectal tumor tissues
samples were collected using protocols approved by
the Ethics Committee of the Second Affiliated Hospital
of Wenzhou Medical University; informed consent was
provided by each patient.

(Invitrogen, Carlsbad, CA, United States) following
the manufacturer’s protocol. Briefly, 250 µl SFM was
added to each 1.5-mL extreme pressure (EP) tube,
followed by the addition of 4 µg pCMV6-entry-US28
(Origene, Rockville, MD, United States, VC101344) or
the pCMV6-entry empty vector. The resulting solution
(solution A) was mixed for 5 min. Next, 250 µl SFM
and 10 µl Lipofectamine 2000 were added to each
EP tube and mixed for 5 min (solution B). Solution B
was then added to solution A for 20 min at ambient
temperature. The resulting transfection complex was
added to cells for 48 h.

Quantitative real time polymerase chain reaction

Total RNA was purified with TRIzol (Invitrogen)
following the manufacturer’s protocol. First strand
cDNA was prepared using a RevertAid™ First Strand
cDNA Synthesis Kit from Fermentas (Waltham, MA,
United States) with 2 μg total RNA in 20 μl reaction.
Quantitative real time polymerase chain reaction (qRT®
PCR) was carried out using SYBR Premix Ex Taq™
(Perfect Real Time) PCR kit from TaKaRa (Shiga, Japan)
on a LightCycler 480 (Roche Biochemicals, Basel,
Switzerland). The following primers were used in this
study: US28, forward 5’-TCGCGCCACAAAGGTCGCAT-3’,
reverse 5’-GACGCGACACACCTCGTCGG-3’; β-actin,
forward 5’-CGTGGACATCCGCAAAGAC-3’, reverse
5’-AAGAAAGGGTGTAACGCAACTAAG-3’. qRT-PCR was
performed as follows: 5 min, 95 ℃; 35 cycles of 94 ℃
for 40 s, 55 ℃ for 40 s, and 72 ℃ for 1 min; 72 ℃,
10 min. One percent agarose gel electrophoresis was
used to examine the PCR products, with an expected
amplicon of 390 bp. Three independent experiments
were run in triplicate. Relative mRNA amounts of the
target gene were normalized to those of the control
(β-actin).

Immunohistochemical analysis

Tissue sections (4 μm thick) from paraffin-embedded
CRC samples were placed onto slides coated with
polylysine. US28 expression in CRC samples was
examined following a standard immunohistochemistry
protocol. Briefly, deparaffinized and rehydrated
slides were submitted for antigen retrieval in boiling
ethylenediamine tetraacetic acid (EDTA) buffer (pH
8.0). After treatment with 3% hydrogen peroxide (10
min, room temperature) for endogenous peroxidase
quenching and blocking with normal bovine serum
albumin, samples were treated with anti-US28
antibody (Santa Cruz Biotechnology, Dallas, TX,
United States; 1:100) at 4 ℃ overnight. Then, the
samples were sequentially incubated with biotinyla
ted secondary antibodies for 2 h and streptavidinhorseradish peroxidase complex and stained with
3,3-diaminobenzidine (DAB). Mayer’s hematoxylin was
used for counterstaining. US28 expression in colorectal
tumor samples was evaluated by two independent
clinical pathology experts. Immunohistochemical
evaluation of the US28 protein was carried out as
described previously, taking into account positive
signal intensity (graded from 0 to 3) and extent (0 to
[30]
4) ; final scores were the products of both individual
scores and ranged between 0 and 12, with values ≥ 4
reflecting high expression.

Western blotting

Harvested cells were lysed with radio-immunopre
cipitation assay (RIPA) lysis buffer (Beyotime Bio,
Haimen, China); after clearing the resulting cell lysates
by centrifugation, total protein amounts in supernatants
were measured with Beyotime bicinchoninic acid (BCA)
Protein Assay Kit (Beyotime Bio). Total protein (30
μg) was separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
electro-transferred onto polyvinylidene fluoride (PVDF)
membranes (Beyotime Bio). After overnight incubation
(4 ℃) with anti-US28 primary antibody (Santa Cruz
Biotechnology, sc-28042; diluted 1:600) or anti-β-actin
(Beyotime, 1:2000), membrane were incubated at
room temperature for 2 h with appropriate horseradish
peroxidase (HRP)-labeled secondary antibodies (Santa
Cruz Biotechnology, sc-2020, 1:4000; Beyotime Bio,
aa208, 1:1000). Protein signals were visualized by
enhanced chemiluminescence detection reagents
(Applygen Technologies, Beijing, China) and analyzed
using the AlphaEaseFC 4.0 software (Alpha Innotech

Cell culture and transfection

Human CRC LOVO cells were purchased from the
Shanghai Cell Bank of the Chinese Academy of
Sciences, and maintained in Dulbecco’s Modified
Eagle medium (DMEM) containing 10% fetal bovine
serum (FBS) (Gibco, Walthan, MA, United States),
100 U/mL penicillin G, and 10 μg/mL streptomycin
(Gibco). For transfection, LOVO cells were seeded at
5
approximately 4 × 10 /well in six-well culture plates;
after 24 h, the cells were rinsed twice with SFM, and
2 ml of fresh serum-free medium (SFM) was added.
Transfection was carried out with Lipofectamine 2000
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Co., San Leandro, CA, United States). All experiments
were carried out in triplicate and repeated three times.
β-actin was used as loading control for normalization.

was used to evaluate survival, with log-rank test or
Cox regression employed to determine associations of
US28 expression with disease parameters. P < 0.05
was considered statistically significant.

Cell proliferation and cytotoxicity assay

The CRC LOVO cell line was prepared and transfected
as described above (see the “Cell culture and trans
fection” section). Cell viability was assessed using Cell
Counting Kit-8 (CCK-8) (Dojindo, Tokyo, Japan). For
cell proliferation evaluation, 5000 cells were plated
per well in 96-well plates. Then, transfection complex,
including pCMV6-entry-US28 (transfection group,
OE), pCMV6-entry empty vector (negative control
group, NC), or SFM (non-transfected control group,
CON), was added to wells for 24, 48, or 72 h. This
was followed by incubation with CCK-8 reagent for 4
h. Optical density (OD) at 450 nm was recorded using
a microplate reader (ELX800; Bio-Tek, Winooski, VT,
United States). All experiments were carried out in
triplicate and repeated three times.
For cytotoxicity assays, samples were setup as
described above for cell proliferation, except that a
chemotherapeutic agent (cisplatin) was added to
the normal growth medium after transfection for 48
h. Cytotoxicity was also measured using the CCK-8
method described above. Relative drug resistance
was assessed by half maximal inhibitory concentration
(IC50) values.

RESULTS
US28 expression in colorectal carcinoma and adjacent
noncancerous colorectal tissues

US28 expression was detected by immunohistochemical
analysis using a specific antibody against US28. As
shown in Figure 1, significant differences in US28
levels were observed between colorectal carcinoma
(40/103, 38.8%) and adjacent noncancerous colorectal
tissues (7/98, 7.1%, P = 0.000) (Figure 1A). In forty
carcinoma samples, the US28 protein was highly
expressed or diffusely positive in the cytoplasm and
membrane of colorectal carcinoma cells (Figure 1B). In
contrast, most adjacent noncancerous colorectal tissues
exhibited negative expression (Figure 1C). All cases of
colorectal carcinoma without HCMV infection exhibited
negative expression (Figure 1D).

Association of US28 expression with individual clinical
parameters

Statistical analysis indicated that among the 103
colorectal tumor samples, high US28 level was related
to histological grade (P = 0.001), metastasis status
(P = 0.01), Dukes’ stage (P = 0.01), and survival (P
= 0.003); a significant association was not obtained
with age, sex, or tumor site (Table 1). In addition, the
intensity of US28 expression was inversely associated
with histological grade (Figure 2), with high US28
expression associated with metastasis, an advanced
stage and a poor prognosis.
Overall survival in individuals harboring tumors
showing low US28 expression (55.5 ± 1.4 mo), and
survival in those with high US28 expression (47.4 ±
2.4 mo) was significantly different (P = 0.003) (Figure
3). These results suggest that high US28 expression
was significantly related to shorter mean survival (P
= 0.000) in these cancer patients. Multivariate Cox
regression analysis revealed that US28 expression was
an independent marker for CRC prognosis (P = 0.000).

Cell cycle analysis

LOVO cell cycle was assessed using flow cytometry.
Briefly, cells were washed and resuspended in staining
buffer containing 10 μg/ml propidium iodide. Analysis
was performed on a FACSVantage flow cytometer
using CellQuest (BD Biosciences, San Jose, CA, United
States). Cell debris, doublets, and clumps were
excluded from analysis.

Cell invasion assessment

Transfected LOVO cells in 0.2 ml Roswell Park
Memorial Institute (RPMI)-1640 containing 5% FBS
were seeded into upper wells of Matrigel precoated
(BD) transwell plates (Corning Costar Corp., Lowell,
CA, United States). Lower chambers had 0.6 mL RPMI
1640 containing 20% FBS. After 30 h the membranes
were submitted to 2% crystal violet staining (10 min).
Cells that moved across the transwell membrane were
counted by microscopy in 10 randomly selected high
power fields.

US28 overexpression induces LOVO cell proliferation

LOVO cells were transfected with pCMV6-entry-US28
for exogenous US28 gene expression. As shown in
Figure 4, western blot and qRT-PCR results indicated
US28 expression was significantly higher in transfected
LOVO cells than in control cells. The negative control
and non-transfected control groups exhibited no US28
expression. These data indicated that the US28 gene
was successfully transfected into LOVO cells. We then
determined cell proliferation-promoting effects in this
overexpression model using a CCK-8 assay. As shown
in Figure 5, overexpression of US28 increased the

Statistical analysis

Statistical analyses were carried out with SPSS 22.0
(SPSS, Armonk, NY, United States). Differences
among treatment groups were assessed by one-way
analysis of variance (ANOVA). Oher statistical methods
2
included Fisher’s exact, Pearson’s χ , and Spearman’s
correlation coefficient tests; the Kaplan-Meier method
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Figure 1 US28 protein expression in colorectal cancer and adjacent noncancerous tissues. A: US28 protein expression in clorectal cancer (CRC) was
significantly higher than that in adjacent noncancerous tissues; B: US28 protein was highly expressed or was diffusely positive in the cytoplasm and membranes of
CRC tissues; C: Negative US28 protein expression was observed in most adjacent noncancerous tissues; D: Negative US28 protein expression was observed in all
HCMV-negative colorectal carcinoma, magnification × 400.

A

Table 1 Relationship between US28 expression and
clinicopathological features
Clinicopathological
feature
Age

≥ 60

Sex
Tumor site
Histologic grade

Metastasis
Dukes’stage
Survival

Parameter

< 60
Male
Female
Colon
Rectum
High
Moderate to
low
Yes
No
A-B
C-D
Month

P value

US28
Low

High

36
27
35
28
41
22
29
34

19
21
21
19
24
16
5
35

23
40
40
23
55.5 ± 1.4

25
15
15
25
47.4 ± 2.4

0.339
0.762
0.603
0.001

B

0.010
0.010
0.003

viability of LOVO cells at 24, 48, and 72 h (P < 0.05).

US28 overexpression induces G1/S phase progression

LOVO cells were transiently transfected with pCMV6entry-US28 for 48 h, and cell cycle distribution was
assessed flow-cytometrically. As shown in Figure 6,
cells overexpressing US28 were less likely to be in
stage G0/G1 (67.49%) compared with the control
group (80.19%) (P = 0.004); meanwhile, the
percentage of US28-overexpressing cells in stage S

WJG|www.wjgnet.com

Figure 2 US28 protein expression in colorectal cancer tissues. A: US28
protein expression was negative or low in highly differentiated colorectal cancer
(CRC) tissues; B: US28 protein expression was diffuse and strong in poorly
differentiated CRC tissues, magnification × 400.
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Figure 3 Kaplan-Meier survival analysis according to the US28 status (n
= 103). The Y-axis indicates the percentage of patients, and the X-axis depicts
their survival in months. The green line represents patients with low US28
expression, who exhibited a trend of better survival, compared to patients with
high US28 expression (indicated by the blue line) (P = 0.003). The mean overall
survival (OS) time was 55.5 mo for the low US28 expression group and 47.4
mo for the high US28 expression group.

250 bp

Relative protein expression

C

(31.82%) was remarkably higher compared to control
group values (19.48%) (P = 0.002). These data
indicate that US28 overexpression potentiated LOVO
cell cycle progression.

Overexpression of US28 promotes the invasion of LOVO
cells

1.4

P < 0.05

1.2
1.0
0.8
0.6
0.4
0.2

Next, a transwell assay was used to evaluate the impact
of US28 gene transfection on LOVO cell invasion. As
shown in Figure 7, the invasion capacity of LOVO cells
in the pCMV6-entry-US28 group (OE) was 82.9% (P
= 0.001) and 93.9% (P = 0.000) greater than that of
non-transfected control (CON) and negative control
groups (NC), respectively.

0.0

D

Overexpression of US28 in LOVO cells decreases
sensitivity to cisplatin

OE
OE

NC
NC

CON
CON

US28

41 kDa

b-actin

43 kDa

Figure 4 US28 expression in LOVO cells. A, B: US28 mRNA expression was
positive after transfection; the NC and CON groups were negative; C, D: US28
protein expression was positive after transfection; the NC and CON groups
were negative. CON: Nontransfected control group; NC: Negative control group;
OE: Transfection group.

IC50 values of cisplatin were found to be 120.06 ± 1.48
μg/ml, 75.01 ± 0.86 μg/ml, and 72.71 ± 2.12 μg/ml
for the OE, NC, and CON groups, respectively. In
comparison with the CON and NC groups, fold changes
in drug resistance levels for the OE group were 1.60
(OE/CON) and 1.65 (OE/NC), respectively (Figure 8).

positive for US28 compared to only 7.1% for adjacent
noncancerous colorectal tissues. Furthermore, we
found that differential US28 levels might contribute to
the pathogenesis of CRC.
[32]
Bongers et al
reported that US28 induced
intestinal dysplasia and malignancy in a transgenic
mouse model. Clinical data also suggest that HCMV
in tumors is linked to disadvantageous outcome in
aged individuals with CRC, predicting reduced period
[33]
of disease-free survival, regardless of TNM stage .
However, another study reported that HCMV is not
related to CRC malignancy. Based on CRC patients
with follow-up data, our results demonstrated that
high US28 expression is inversely correlated with

DISCUSSION
Although there is some controversy regarding the
relationship between HCMV infection and colorectal
[16-19]
tumors
, HCMV is found in multiple malignancies.
Indeed, previous reports have detected HCMV in CRC
[11,15,31]
[31]
specimens
. Chen et al reported that 42.3% of
tumor specimens were positive for HCMV, significantly
higher than 5.6% obtained for adjacent non-cancerous
samples. In our study, immunohistochemistry
demonstrated that 38.8% of CRC specimens were
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2.0
OD value

500

CON

0

24

t /h

48

B

72

40
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1000

Number

histological grade and Dukes’ stage and directly
correlated with metastasis, indicating that US28 may
be involved in the progression of CRC. Furthermore,
our data demonstrated that high US28 protein
expression is highly associated with overall survival,
suggesting that expression of this gene might be a
potential prognostic factor for colorectal tumors. Thus,
US28 may play a role in promoting CRC.
The mechanism through which HCMV promotes
tumor development is complex. In theory, HCMV
can upregulate multiple host cellular signaling
[34]
networks, enhancing malignancy . This has been
[35]
[36]
confirmed in animal experiments . Strååt et al
also reported that US28 promoted tumor proliferation
in HCMV-infected individuals via activation of IL-6STAT3 signaling. We evaluated the cell proliferationpromoting effects of US28 overexpression in LOVO
cells and found increased viability at 24, 48, and 72 h.
Cell cycle analysis also indicated a dramatic increase in
S phase entry in transfected cells, which indicates that
US28 overexpression might enhance LOVO cell cycle
progression. Further studies are needed to explore the
underlying mechanisms.
HCMV infection is linked to significantly altered
[36]
matrix metalloproteinase (MMP) levels and function .
Among these proteins, matrix metalloproteinase-9
(MMP-9) is negativity correlated with poor survival;
high MMP-9 levels predict a favorable outcome in
[37]
CRC . Additionally, HCMV infection was shown to
reduce MMP-9 expression and activity and increase
levels of tissue inhibitor of matrix proteinase
[36]
(TIMP)-1 . Moreover, increased gene expression
[38]
of MMP-1, a CRC metastasis marker , was found
[39]
in HCMV-positive samples . Taken together, these
findings suggest that HCMV might promote tumor
[40]
invasion and metastasis; Soroceanu et al
recently
reported that HCMV-encoded US28 in glioblastomas
[24]
promoted an invasive and angiogenic phenotype .
In this study, we used a transwell assay to examine
the impact of the US28 gene on LOVO cell invasion.

160

200

G1: 80.19%
G2: 0.34%
S: 19.48%

800

Figure 5 CCK-8 cell proliferation assays indicate that US28 gene trans
fection significantly enhanced proliferation. CON: Nontransfected control
group; NC: Negative control group; OE: Transfection group.
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control group; OE: Transfection group.

Compared to the non-transfected control and negative
control groups, overexpression of US28 resulted in
82.9% and 93.9% increases, respectively, in invasion,
indicating that US28 expression can promote invasion
in LOVO cells.
Nonetheless, whether HCMV infection-induced gene
expression in tumors can influence therapy remains
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we can speculate that HCMV infection may induce
chemotherapy resistance in CRC.
Taken together, our data suggest that US28
expression predicts poor prognosis and may promote
CRC pathogenesis. Accordingly, targeting specific
HCMV proteins (e.g., US28) in endogenously infected
CRC may constitute a novel antitumor approach.
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Background

Human cytomegalovirus (HCMV) is a beta-herpesvirus that is common in
the human population. A number of recent reports suggest that HCMV may
be specifically associated with certain human malignancies, although some
contrary results have also been published. Currently, growing evidence
suggests that HCMV is strongly correlated with colorectal cancer (CRC);
however, it is unclear whether the virus contributes to CRC pathogenesis.

400

Figure 8 US28 expression caused the LOVO cells to become more
resistant to cisplatin-induced cell death. OE, NC and CON group cells were
treated with different concentrations of cisplatin for 48 h, and relative drug
resistance was analyzed by comparison with IC50 values. CON: Nontransfected
control group; NC: Negative control group; OE: Transfection group.

Research frontiers

This study demonstrated that the expression of US28 is significantly different
between colorectal carcinoma and adjacent noncancerous colorectal tissues,
with US28 expression being correlated with histological grade, metastasis,
Dukes’ stage, and survival. Thus, US28 expression may predict poor prognosis.
Furthermore, after successful transfection with the US28 gene, LOVO cells
exhibited higher viability, greater chemotherapy resistance, accelerated cell
cycle progression, and increased invasion, indicating that US28 may promote
the pathogenesis of colorectal tumors.

[41]

unknown. A report by Cinatl et al
demonstrated
for the first time that HCMV infection protects tumor
cells against the cytotoxic effects of anticancer
[42]
drugs. Meanwhile, Soroceanu et al
reported that
CMV proteins enhance stemness in glioblastomas.
As shown above, overexpression of US28 in LOVO
cells decreased cell sensitivity to cisplatin. Therefore,
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The results indicate that HCMV is specifically associated with CRC and may act
as an oncomodulatory virus. Targeting specific HCMV proteins (e.g., US28) in
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endogenously infected CRC may constitute a novel antitumor approach.

Applications

US28 expression can be a predictive factor for poor prognosis in colon
cancer. In the future, it may be possible to target specific HCMV proteins in
endogenously infected CRC to treat CRC.

Terminology

4

Peer-review

5

HCMV-encoded chemokine receptor US28 is the most well characterized of the
four chemokine receptor-like molecules found in the HCMV genome.

In this study, the authors explored the role of the HCMV-encoded US28 in the
pathogenesis of CRC. To this purpose, they performed both ex vivo and in
vitro studies. In the ex vivo study, they analyzed by immunohistochemistry the
expression of the US28 protein in CRC samples and in adjacent noncancerous
samples and correlated US28 levels to the clinicopathological features
(histological grade, metastasis, Dukes’ stage, and survival). In the in vitro study,
they analyzed the effect of US28 gene overexpression in LOVO CRC cells on
viability, resistance to chemotherapy, cell cycle, and invasion of cells. They
found that LOVO cells transfected with US29 exhibited higher viability, greater
chemotherapy resistance, accelerated cell cycle progression, and increased
invasion. They found that US28 expression was increased in CRC tissues
compared with the adjacent noncancerous tissues. They conclude that US28
expression predicts a poor prognosis and may act to promote the pathogenesis
of CRC.
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Abstract
AIM: To establish a novel mouse constipation model.

Institutional animal care and use committee statement:
All experimental manipulations were undertaken in accordance
with the principles of Laboratory Animal Care and the Guide
for the Care and Use of Laboratory Animals, published by the
National Science Council, China; and the study was approved
by the Institutional Animal Care and Use Committee of Nanjing
University of Chinese Medicine.

METHODS: Animals were randomly divided into three
groups, and intragastrically administered 0-4 ℃ saline
(ice-cold group) or 15-20 ℃ saline (saline control group)
daily for 14 d, or were left untreated (blank control
group). Stools were collected 3-24 h after treatment
to record the wet and dry weights and the stool form.
Intestinal propulsion experiments were carried out and
defecation time was measured for six days continuously
after suspending treatments. The expressions of
PGP9.5 were detected by immunohistochemistry.

Conflict-of-interest statement: The authors declare that there
are no conflicts of interest related to this study.
Data sharing statement: No additional unpublished data are
available.

RESULTS: Based on the percentage of stool weight
changes compared with baseline (before irritation) in
9-14 d, stool weight changes were classified into three
levels. Each level shows a different body state, which
is state Ⅰ (no change: plus or minus 5%), state Ⅱ
(slightly decreased: 5%-15%) and state Ⅲ (decreased:
15%-25%). In state Ⅲ, between day 9-14, the stool
weights decreased by 15%-25% compared with the
baseline, and changed at a rate > 10% compared
with blank control values, and the stools became small
and dry. Additionally, intestinal functions degenerated
in these animals, and PGP9.5-positive expression
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licenses/by-nc/4.0/
Correspondence to: Bin Xu, PhD, Professor, Key Laboratory
of Integrated Acupuncture and Drugs Affiliated to the Ministry
of Education of China, Nanjing University of Chinese Medicine,

WJG|www.wjgnet.com

2799

March 7, 2016|Volume 22|Issue 9|

Liang C et al . A novel mouse constipation model
genetically manipulated (transgenic and knockout)
strains. Moreover, the murine anatomical features
and embryonic development are similar to those of
humans, and the genomes also show a high degree
of homology[5]. Mouse models offer greater versatility
for the study of human gene functions and disease
pathogenesis than rat models. Hence, in this study, we
aimed to produce a stable constipation model in mice,
study the pathogenesis of constipation and explore
better treatment options.

markedly decreased in jejunum, ileum and proximal
colon myenteric plexus.
CONCLUSION: Irritation with ice-cold saline is a
stable, repeatable method in building constipation
model in mice for exploring the pathogenesis and
treatment options of constipation, and the change of
stool weight and size may serve as a useful tool to
judge a constipation model success or not.
Key words: Cold water; Mouse model; Constipation;
ENS

MATERIALS AND METHODS

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

Animals

C57BL/6J mice (SPF-grade, 3-wk-old male, 20-25 g)
were purchased from Model Animal Research Center
of Nanjing University (Nanjing, China, license number:
SCXK 2013-0005). Food and water were available
ad libitum, and the animals were housed under
controlled environmental conditions. All experimental
manipulations were undertaken in accordance with the
Principles of Laboratory Animal Care and the Guide for
the Care and Use of Laboratory Animals, published by
the National Science Council, China.

Core tip: Establishing stable animal models is very
important for studying disease pathogenesis to develop
strategies for prevention and treatment. Evidence
from previous researches has shown recurrent and
chronic cold water irritation to stomach can inhibit
gastrointestinal motility. In this study, we concluded
that irritation with ice-cold saline to mice is a stable,
repeatable method in building mice constipation model.
Liang C, Wang KY, Yu Z, Xu B. Development of a novel
mouse constipation model. World J Gastroenterol 2016;
22(9): 2799-2810 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i9/2799.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i9.2799

Groups and treatments

The mice were randomly divided into three groups: a
0-4 ℃ saline-treated group (ice-cold group, n = 30),
a normal feeding group (blank control, n = 10), and a
15-20 ℃ saline-treated group (saline control, n = 10),
randomly numbered, and raised in single cages that
allowed normal access to food and water. Wire netting
was used to facilitate the separation and collection
of stools. To eliminate the influence of the biological
rhythms, intragastric administrations were conducted
at 8:00 am once daily for 14 d. Mice in ice-cold and
saline control groups were initially administered either
ice-cold or room-temperature saline, respectively,
at a dose of 0.2 mL/mouse, and then the dose
increased by 0.05 mL/mouse every 5 d. Blank control
group mice were raised normally without intragastric
administration. Animals were normally raised and
monitored for an additional 6 d after the cessation of
the intragastric administrations.

INTRODUCTION
Constipation, which accompanies various diseases,
is a symptom of underlying defects in either transit
of faecal mass through the gut or defecation, a
commonly diagnosed functional gastrointestinal
disorder. It usually associates with gastrointestinal
motility disorders, which is characterized by a series
of complex gastrointestinal symptoms in absence of
mechanical obstruction of the gastrointestinal tract.
It is generally accepted that impaired gastrointestinal
motility and visceral paresthesia form the major
pathological and physiological basis for gastrointestinal
[1-3]
dysfunction . Given the paucity of available clinical
data, animal models are required to study the
pathogeny of constipation and develop strategies
for prevention and treatment, and there is a need to
[4]
develop optimized models as well .
In the past few years, many approaches have
been used to produce constipation in experimental
animals in vivo. However, most of the work has
been carried out in rats. Compared with rats, mice
have a lower tolerance and cannot be administered
long-term irritative drugs. Research in mice offers
multiple advantages, including economic efficiency
and availability of a higher number of purebred or
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Stool collection and examination

During the 3-24 h period after intragastric admi
nistration, stool was collected with ceramic cups.
After collection, the changes in stool form (pellet size)
were observed and recorded before weighing. Then,
each ceramic cup was weighed to determine wet
weight using an electronic balance. After drying in a
microwave oven (medium heat) for 6 min, the cup was
weighed again to determine the dry weight.

Measurement of intestinal function

After the completion of treatment, the differences
between the three groups were evaluated at 15 d and
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Positive immunostaining was evaluated at 5 random
visual fields at a magnification of 400. The mean
density of positive expression was assessed using
image analysis software.

20 d. Mice in each group were randomly assigned
to a 15-d subgroup and a 20-d subgroup. The 15
d subgroup was used in the intestinal propulsion
experiments at 15 d while the 20 d subgroup was
raised normally and used in the same experiments at
20 d. After 12 h of fasting, mice were intragastrically
administrated a suspension of black carbon (0.3 mL)
and killed 10 min later via cervical dislocation. Then,
the section extending from the pylorus to the ileocecal
valve was removed. The full length of the intestinal
tract as well as the propulsive distance of black carbon
in the tract was measured under a tension-free state,
and the ratio of the propulsive distance to the length
of the intestinal tract was measured for all groups.
Additionally, in the next experiment at the 15 d and
20 d time points, we also determined the defecation
time after similarly dividing the mice into the 15 d and
20 d subgroups. After 12 h of fasting, the red carbon
suspension (0.3 mL) was administered, and the time
required to defecate the first stool pellet containing
the red indicator was recorded. Animals administered
prokinetic agents were pretreated with domperidone
suspensions (0.3 mL) for 4 h.

Materials and drugs

Materials used in this study included saline (sodium
chloride injection; Nanjing Chemical Reagent Co,
Jiangsu, China), domperidone tablets (Xi’an Janssen
Pharmaceutical Ltd, Xi’an, China), wire netting (to
facilitate the separation and collection of stools), a
precision electronic balance (Sartorius Co ,Beijing,
China), acacia gum (gum arabic powder; BASF
Chemical Co, Tianjin, China), black and red carbon
powder (color toner; Sanheng Information Technology
Co, Guangzhou, China), and ceramic cups (high
temperature-resistant, radius: 2 cm, height: 3.5 cm).
Primary antibodies for immunohistochemistry: PGP9.5
(Abcam, Cambridge, United Kingdom), Secondary
antibodies:HRP-Polymer anti-Mouse/Rabbit (Boster
Biotech, Wuhan, China)
Red (black) carbon suspensions were prepared as
follows: acacia gum (100 g) was added to 800 mL of
water and boiled until transparent. Then the above
solution was mixed with red (black) carbon powder (50
g) and boiled three times. After cooling down, each
solution was diluted with water to 1000 mL and stored
at 4 ℃. The solutions were agitated prior to use.

Tissue preparation

When 14 d intervention finished, the small intestine
(jejunum and ileum) and proximal colon tissue
specimens (approximately 1cm in length) were
removed after 12 h of fasting. Each segment was
opened along the mesenteric border and washed twice
in saline. When mesenteric tissues and the contents
of gut were removed, segments were immediately
fixed by immersion in 4% Para formaldehyde for 24 h.
Then, they were processed for paraffin embedding in
vacuum and cut at a thickness of 10 μm.

Statistical analysis

Data were expressed as mean ± SD. Statistical
analysis was conducted using SPSS 17.0 software with
one-factor analysis of variance. Data were compared
using the Student Newman Keuls (SNK)-Q test.
Differences where P < 0.05 were considered to be
statistically significant.

Immunohistochemistry

Sections were deparaffinized in xylene and hydrated
in a graded solution of ethanol. Activity of endogenous
peroxidase was blocked with 3% hydrogen peroxide.
After three rinses in 0.01 mol/L phosphate-buffered
saline (PBS; pH 7.2), non-specific binding was blocked
with 5% bovine serum albumin (BSA) for 30 min at
37 ℃. The primary antibodies for PGP9.5 (1:1000)
were applied to the sections and each specimen
was incubated in a moist chamber overnight at 4 ℃.
The slides were washed for three times in PBS, and
incubated with horseradishperoxidase (HRP)-Polymer
anti-Mouse/Rabbit lgG for 90 min at 37 ℃. After
washing in PBS for three times, the localization of
target protein was visualized by incubating the sections
for 5-10 min in freshly prepared 3,3-diaminobenzidine
(DAB) solution. The slides were washed again,
counterstained in hematoxylin, and dehydrated.
Specificity of the antibody was confirmed by negative
control in the absence of primary antibody treatment.
Two observers evaluated the slides using an Olympus
FV500 optical microscope (Olympus, Tokyo, Japan).
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RESULTS
Stool changes following intragastric administration of
ice-cold saline

Initially, during the experiments, modestly abnormal
defecation occurred as the mice responded to the
environmental changes in single cages, but the
conditions stabilized after about one week (7-8 d)
of adaption. Accordingly, the stool weights at d 0
(before irritation) was used as the baseline to examine
changes in stool weight in the d 9-14 period. Based on
the percentage of stool weight (wet and dry) changes
and stool forms changes compared with baseline in d
9-14, three levels were used: state Ⅰ (no change: plus
or minus 5%, n = 10), state Ⅱ (slightly decreased:
5%-15%, n = 9) and state Ⅲ (decreased: 15%-25%,
n = 11) compared with baseline (Table 1).
During consecutive batch experiments, we could
observe three different body states (Ⅰ, Ⅱ, and Ⅲ)
in the ice-cold group mice, while no such changes
were observed in the mice in groups C. In state Ⅰ,

2801

March 7, 2016|Volume 22|Issue 9|

Liang C et al . A novel mouse constipation model
State Ⅲ
Blank control

1.0

0.8

0.6

0.4

b

0

2

4

6

8

b

10

b

12

14

b

16

b

B

Dry weight (g)

Wet weight (g)

A

State Ⅲ
Blank control

1.0

0.8

0.6

b

18

0.4

20

0

2

4

6

8

10

t/d
State Ⅲ
Saline control

1.0

0.8

0.6

0.4

d

0

2

4

6

8

d

10

d

12

14

d

16

d

D

18

Wet weight (g)

F

Dry weight (g)
6

8

10

18

0.6

0.4

20

0.6

4

16

b

20

0.8

b

b

0.8

2

b

State Ⅲ
Saline control

d

Blank control
Saline control

0

b

0

2

4

6

8

10

12

b
14

b

b

16

18

b

20

t/d

1.0

0.4

14

1.0

t/d

E

12

b

t/d

Dry weight (g)

Wet weight (g)

C

b

b

12

14

16

18

20

Blank control
Saline control

1.0

0.8

0.6

0.4

0

2

t/d

4

6

8

10

12

14

16

18

20

t/d

Figure 1 Changes in the wet weight and dry weight of stools in all groups. A, B: State III mice in ice-cold group compared with blank control group animals; C, D:
State Ⅲ mice in ice-cold group compared with saline control group; E, F: Stool weight changes in blank control compared with saline control group animals. bP < 0.01
vs blank control group; dP < 0.01 vs saline control group (n = 4 for each group).

at a rate (absolute value) < 5% compared with the
corresponding blank control group values. Overall, the
slight decrease in stool weight in this state compared
with blank control group indicated a tendency to
constipation. In state Ⅲ, the stool wet and dry weights
at d 9-14 decreased by 15%-25% compared with the
baseline, and changed at a rate (absolute value) >
10% compared with the corresponding blank control
group values. In this state, the differences in stool
weights between ice-cold group and blank control
group mice were statistically significant.

Table 1 Performance of different groups after treatment
Groups
Ice-cold group
Saline control
Blank control

Treatments

Performance (after treatment)

0-4 ℃ saline
15-20 ℃ saline
Normal feeding

State Ⅰ, state Ⅱ and state Ⅲ
No types of states
No types of states

the wet weights and dry weights recorded between
d 9-14 changed by -5% to 5% compared with the
baseline, and changed at a rate < 5% compared with
the corresponding blank control group values, no
symptoms of constipation were observed. In state Ⅱ,
the stool wet and dry weights at d 9-14 decreased by
5%-15% compared with the baseline, and changed
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Stool changes in all groups

After irritation with ice-cold saline, we could observe
three different states (Ⅰ, Ⅱ, and Ⅲ), and the cons

2802

March 7, 2016|Volume 22|Issue 9|

Liang C et al . A novel mouse constipation model

Type 1

Separate hard lumps, like nuts
(hard to pass)

Type 2

Sausage-shaped but lumpy

Type 3

Like a sausage but with cracks on
its surface

Type 4

Like a sausage or snake, smooth
and soft

Type 5

Soft blobs with clear-cut edges
(passed easily)

Type 6

Fluffy pieces with ragged edges, a
mushy stool

Type 7

Watery, no solid pieces.
Entirely liquid

B
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D

State Ⅲ
Blank control
Saline control

14
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7

  14

16

20

t/d

Figure 2 Changes in stool forms. A: Bristol Stool Form Scale; B: Stools’ water content increases and stick together similar to Bristol scale type 5 or 6 of State I mice; C:
Some stools adhere to the wire netting just like type 6 or 7, indicative of mild diarrhea; D: Comparison of total length estimated for 25 stool pellets (LS25).

tipation symptoms were seen in state Ⅲ. Compared
with blank control group (Figure 1A and B) and saline
control group values (Figure 1C and D), the stool
weights in state Ⅲ ice-cold group mice decreased
during the experiments , and normalcy was achieved 6
d after the termination of irritation. In comparison, after
a similar treatment with room temperature saline (saline
control group), such changes were not observed, and
the stool weights of the saline control group mice did
not significantly differ from the corresponding blank
control group values (Figure 1E and F).

of a specific number of stool pellets (n = 25) and
termed the value “LS25”. The LS25 value for the state Ⅲ
was lower than the corresponding blank control group
or saline control group (Figure 2D). The majority of the
state Ⅲ mice defecated small pellets stools, indicating
type 1 or 2, and the proportion of type 3 or 4 stools
(Figure 3A and B, first row in each group) decreases
after persistent irritation with ice-cold saline. During
the recovery stage (15-20 d), the proportion of type 3
or 4 stools in ice-cold group (the first row) increases
slowly, but most of the stools were still small pellets,
unlike that in the other groups (Figure 3C and D).

Changes in stool forms in all groups

Effects on small intestine functions during experiments

Consistency of the stool is usually described using the
Bristol Stool Chart (Figure 2A), where type 1 and 2
indicate constipation, 3 and 4 are normal stools and
5 to 7 are associated with diarrhea and urgency. We
utilized 100-150:1 ratio to evaluate human and mouse
stools form based on Bristol Stool Chart (according to
human and mouse fecal weight ratio). In comparison,
as proportions based on the Bristol Scale, under
normal conditions, the mouse stools could mainly be
classified as (or similar to) type 3 and 4, and rarely
as type 1. The stool forms observed in three states
changed in a slightly different manner: In state Ⅰ,
stools partially stick together like type 5 or 6 (Figure
2B). In the early intervention, some even adhere to
the wire netting similar to type 7 (Figure 2C). In state
Ⅱ, a small amount of the stools could be classified as
type 1. However, no significant difference was found
compared to blank control group. In state Ⅲ, most
stools became small pellets. We estimated the length
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Carbon intestinal propulsion experiments showed that
the distances by which black carbon was propelled,
significantly decreased in state Ⅲ mice compared to
blank control group at both d 15 (47.03% ± 6.18%
vs 61.94% ± 4.80%, P = 0.0211, Figure 4A and B)
and d 20 (56.11% ± 4.23% vs 63.73% ± 4.68%, P =
0.0379, Figure 4C and D) and there was an increase in
the carbon propulsion rates in saline control group at d
15 compared to blank control group (71.18% ± 4.81%
vs 61.94% ± 6.20%, P = 0.0169). In the subsequent
experiments, state Ⅲ mice using domperidone
suspensions pretreatment, the carbon propulsion
rates were increased compared to those state Ⅲ mice
without using domperidone at both d 15 (65.22%
± 5.43% vs 44.52% ± 8.11%, P = 0.0051, Figure
4E and F) and d 20 (63.14% ± 6.73% vs 52.12%
± 4.05%, P = 0.0196, Figure 4E and F), and did not
significantly differ from blank control group values.
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State
Ⅲ

A

Blank
control

Blank
control

Saline
control

Saline
control

State
Ⅲ

C

State
Ⅲ

B

State
Ⅲ

D

Blank
control

Blank
control

Saline
control

Saline
control

Figure 3 Image of stools from different groups. In the first row in each group, stools were similar to type 3 or 4. From the second row, stools sequentially arranged
in the same number (n = 25) in a row. A: at 7 d; B: at 14 d; C: at d 16; D: at 20 d.

Change in defecation time

Figure 5C) and d 20 (98.53 ± 14.13 vs 165.21 ±
27.53, P < 0.01, Figure 5D) , and no difference was
observed from blank control group.

The results showed that, the defecation time was
significantly prolonged in state Ⅲ mice compared
to blank control group at d 15 (212.21 ± 40.86 vs
90.33 ± 14.80, P < 0.01, Figure 5A) and d 20 (156.11
± 26.96 vs 100.67 ± 27.47, P < 0.01, Figure 5B).
Defecation at d 15 in saline control group was also
delayed compared to that in blank control group
(167.11 ± 24.49 vs 90.33 ± 14.80, P < 0.01, Figure
5A). Moreover, after state Ⅲ mice were pretreated
with domperidone suspensions, defecation time was
significantly descended compared to state Ⅲ at the
d 15 (90.83 ± 12.53 vs 200.11 ± 24.16, P < 0.01,
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Effects on total neurons-PGP9.5 protein expression

The PGP9.5-positive neuron cells were easily found
in the jejunum (Figure 6A), ileum (Figure 6D) and
proximal colon (Figure 6G) myenteric plexus in blank
control group. Statistical analysis showed, after
intragastric administration of ice-cold saline treatment,
that the mean density of PGP9.5-positive expression
markedly decreased in jejunum (0.6185 ± 0.07 vs
0.4343 ± 0.09, P = 0.0092, Figure 6B and C), ileum
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Figure 4 Measurement of carbon propulsion rate. A, B: All groups were used in the intestinal propulsion experiment and the distances by which black carbon was
propelled, significantly decreased in state Ⅲ mice compared to blank and saline control group at 15 d; C, D: measurement in all groups and the distance comparison
at 20 d; E, F: In state Ⅲ mice using domperidone suspensions for pretreatment, the carbon propulsion rates increased compared to those in state Ⅲ mice at 15 d; G, H:
measurement at 20 d (n = 4 for each group), aP < 0.05 vs blank control group; cP < 0.05 vs state Ⅲ treated with domperidone.
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Figure 5 Measurement of time required for defecation of the first indicator-containing stool pellet. A: All groups were measured at 15 d; B: All groups were
measured at 20 d; C: State III compared to those treated with domperidone and blank control group at d15; D at 20 d (n = 5 for each group), bP < 0.01 vs blank control
group; dP < 0.01 vs state III treated with domperidone.

(0.9095 ± 0.07 vs 0.7685 ± 0.08, P = 0.0166, Figure
6E and F) and proximal colon (0.4925 ± 0.07 vs 0.3381
± 0.04, P = 0.0019, Figure 6H and I) myenteric plexus
compared with blank control group.

the blank control group and saline control group.
Thus, persistent irritation with ice-cold saline induces
digestive tract dysfunction and slows the digestive
transmission, which also leads to the formation of
smaller-sized stools.
In a morphological study, immunohistochemistry
results showed that irritation with ice-cold saline
caused changes of enteric nervous system (ENS) in
jejunum, ileum and proximal colonic myenteric plexus.
The ENS is one component of the neural control
system of the digestive tract, which works in concert
with the central nervous system[6]. It is found in two
layers: myenteric plexus and submucosal plexus. The
myenteric plexus is a layer of neurons that runs the
length of the gut, from esophagus to anus, between
the circular smooth muscle layer and the longitudinal
smooth muscle layer. This layer of neurones controls
movement along the gut. PGP9.5 is a neuron-specific
protein, can accurately locate enteric neurons, the
study of its morphology and protein levels has an
[7]
important role to indicate ENS function . Hence, we
used PGP9.5 as an indicator to detect the intestinal
tissue expression of ENS. Results showed that PGP9.5
expression in jejunum, ileum and proximal colonic
myenteric plexus significantly decreased staining in
state Ⅲ mice compared to blank control group. This
suggests that the local regulation of ENS may have

DISCUSSION
The present study showed that irritation with ice-cold
(0-4 ℃) saline to mice could induce gastrointestinal
dysfunction. During consecutive experiments, mice
displayed three different body states (Ⅰ , Ⅱ and
Ⅲ ) in ice-cold group. For state Ⅰ , there was no
significant change in digestive function. State Ⅱ mice
had slightly decline in intestinal function, showing a
trend of constipation, but we do not think they are a
stable constipation model, it could be a kind of subhealthy state between normal and constipation. In
state Ⅲ, the weight of stools decreased, the intestinal
digestion and transmission functions degenerated,
and continued for some time after the termination of
irritation. Besides, the stools became dry and small.
Under normal conditions, the mouse stools could
mainly be classified as (or similar to) type 3 and 4.
State Ⅲ mice defecated small pellets stools, indicating
type 1 or 2, and the proportion of type 3 or 4 stools
was decreased. Additionally, the LS25 values for the
state Ⅲ were significantly lower than the values in
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Figure 6 Effects on total neurons-PGP9.5 protein expression in immunohistochemical staining. Tissue with brown granular deposits were positive reaction (as
arrows indicated; -: 50 mm, magnification × 400). A, B: In jejunum; D, E: In ileum; G, H: In proximal colon; C, F, I: Comparison of the mean density of PGP9.5-positive
expression between two groups. aP < 0.05 (n = 5 for each group).

found that the weight and water content of the feces
were significantly less than the control groups, which
was concordant with the symptoms of constipation.
Cold water intake can increase nitric oxide (NO) which
is a type of gut inhibitory neurotransmitter in the ENS
in the myenteric plexus, and up-regulate expression of
the 5-HT7 receptor which mediates intestinal smooth
muscle relaxation, which might reduce the intestinal
motility, besides, visceral sensitivity is lowered in
[10,11]
constipation rats
. In this study, irritation with icecold saline to mice induced similar changes. However,
different from the rats, mice showed three body states.
In our view, differences in individual tolerance changed
the gastrointestinal motility and visceral sensitivity in
different degrees, which was the main cause of three
states. It was reported that[12], the difference in the
initial threshold of visceral perception and defecation
may cause different performance after cold water
intake. Thus, in our opinion, irritation with ice-cold
saline induced three states in mice, such changes could
be more likely to reflect the performance of the human

changed by irritation with ice-cold saline, which is close
to symptoms of constipation.
Furthermore, in saline control group, after admi
nistration of saline at room temperature (15-20 ℃), the
gastrointestinal function also appeared mildly affected,
but this treatment appeared to produce different effects
at different sites. The specific manifestations inclu
ded the sthenia of small intestinal digestive function
and decrease in the duration of the large intestine
transmission process. However, the changes did not
last too long. These findings indicate that an effective
constipation model cannot be established by the
intragastric administration of room-temperature saline,
and persistent irritation with ice-cold saline can lead to
intestinal dysfunction and finally to constipation.
Previous researches have shown chronic and
recurrent cold water irritation to stomach might
cause long-term effects on bowel movements, which
resulted in the abnormal gastrointestinal motility, such
as inhibited jejunal and colonic motility[8,9]. In rats,
by gastric instillation 0-4 ℃ water daily for 14 d, it is
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gastrointestinal tract after stimulation. Recurrent cold
water intake is a risk factor for constipation, not the
decisive factor. This may be the main reason why
only the animals in state Ⅲ showed symptoms of
constipation.
Currently, there are many methods (drug-based
and non-drug-based) to reproduce constipation in
experimental animals in vivo. However, the existing
methods of constipation modeling mostly apply to
rats. The available drug-based methods involve both
direct and indirect effects. For example, loperamide
or clonidine, can inhibit the contraction of intestinal
smooth muscles, slow down peristalsis, and prolong
[13-15]
, commonly
the intestinal transmission process
in studies aiming to identify the different effects of
[16-18]
. Constipation is also a major
potent laxatives
gastrointestinal side effect following morphine admi
[19]
nistration . Morphine can delay gastric emptying,
inhibit intestinal nerve excitability, and reduce the
fluidity of the intestinal contents, leading to difficulties
[20-22]
. Diphenoxylate, an anti-motility
in defecation
drug, also acts on the intestinal tract to affect intestinal
[23]
smooth muscle contraction, thus reducing defecation .
Long-term intragastric administration of rhubarb (a
Chinese traditional drug) results in a reduced number of
colon smooth muscles and shrinkage of smooth muscle
cells, and thereby, in reduced defecation and intestinal
[24]
transmission function . While there are some nondrug-based methods, these have the disadvantage
of being too time-consuming. Such as low fiber diet
[25]
induce constipation required at least 5 wk . A shortterm withholding of water without restricting food
intake also reduces the intestinal water content and
[26]
induces dryness of stools and difficult defecation .
While this method appears practical, adverse reactions
occur frequently after water withholding. Additionally,
this practice also violates ethical guidelines and is not
suitable for long-term use.
In general, treatments or strategies for prevention
are developed, which can test in the respective animal
models, if shown to be safe and valid, are tested in
human to evaluate the ability to affect human body
state. Some evidence suggest that human biological
markers, such as intestinal transit including whole
gastrointestinal tract or regional colonic transit, and
visceral sensitivity changes which are thought to
underlie specific symptoms, serve as a basis for the
[4,27]
. In this
development of those animal models
study, many methods were established for evaluation
of intestinal function in vivo. The results showed an
ability to mime human symptom-based state, which in
turn serve as a symbol to estimate a successful model
or not.
Notablely, the change of stool weight and size
is an important index to distinguish the different
state. Because stool weight is 0.5-0.9 g and rate of
water content in calculation is not stable, we do not
recommend using water content as an evaluation
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index. We found that ice-cold group start to show
different state at 9-10 d. Therefore, we suggest, in
9-14d, according to changes of the stool size combined
with weights can filter out the mice in state Ⅲ, i.e.,
small-sized stool greatly increased, proportion of
pellets longer than 3 mm decreased, and the stool
weights decreased by 15%-25% compared with the
baseline, and change at a rate (absolute value) > 10%
compared with blank control group value.
Mice, which show a lower drug tolerance, cannot
be treated long-term with irritative drugs. However,
the increased availability of mouse gastrointestinal
gene knockout and transgenic models offer a greater
scope to probe into the pathogenesis and treatment
of constipation. Hence, we explored the establishment
of a mouse constipation model and preliminarily
built a simple repeatable mouse constipation model.
In this drug-free model, we used irritation with icecold saline to induce constipation. It is notable that
we found that 3-4 wk old mice are most appropriate,
thus intervention should be accomplished before
adulthood, which means this model does not apply to
the correlation study of senile constipation. This model
only required a short intervention cycle (14 d) and
normalcy was achieved 6 d after the termination of
irritation, which is convenient and practical, and avoids
side effects due to too strong drug irritation, and thus
presents an attractive model to study the pathogeny
and pathogenesis underlying constipation, and explore
treatment options.
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Abstract
AIM: To identify risk factors associated with esophageal
cancer in Zambia and association between dietary intake
and urinary 8-iso prostaglandin F2α (8-isoPGF2α).
METHODS: We conducted a prospective, case control
study at the University Teaching Hospital. Subjects
included both individuals admitted to the hospital and
those presenting for an outpatient upper endoscopy.
Esophageal cancer cases were compared to age and
sex-matched controls. Cases were defined as patients
with biopsy proven esophageal cancer; controls were
defined as subjects without endoscopic evidence of

Supported by NIH grant, No. R24TW007988; the American
Relief and Recovery Act; and the Siteman Comprehensive Cancer
Center NCI Cancer Center Support Grant, P30 CA091842. Akwi
W. Asombang was a Fogarty International Clinical Research
Fellow at the time of this study.
Conflict-of-interest statement: No authors declare a conflict of
interest.

WJG|www.wjgnet.com

2811

March 7, 2016|Volume 22|Issue 9|

Asombang AW et al . Esophageal squamous cell cancer
the two most common esophageal cancers worldwide.
EA is most common in the western world (North
America, Europe), whilst ESCC is most common in
[4]
Africa, South America and China . Data suggests an
increasing trend (500% increase) of EA over the past
[5]
30 decades in Western world and decreasing rates of
[4]
ESCC . In Sub-Saharan Africa, there is an increasing
trend of ESCC, attributed to several factors including
improved diagnostic capabilities and changing
[6]
behaviour (smoking, obesity) . In a systematic review
evaluating the epidemiology of esophageal cancer in
sub-Saharan Africa, Kachala reports an increase in
esophageal cancer, predominantly ESCC, with varying
incidence rates within the continent ranging from, 0.6
to 76.6/100000 and 0.6 to 36.5/100000, in males and
[6]
females respectively . In a retrospective study at the
University Teaching hospital (UTH), Lusaka, Zambia,
[7]
Kelly et al found 96% of esophageal cancers were
ESCC. The overall incidence of esophageal cancer in
[1]
Zambia is estimated to be 9.1/100000 , more than
in United States (3-4/100000) or United Kingdom
(6.5/100000).
Information regarding esophageal cancer within
most countries in Africa is poor, primarily due to underreporting because of lack of diagnostic resources and
[7]
limited manpower . Zambians with esophageal cancer
often present with disease at a late stage, probably
due to financial constraints and access to health care
[2]
facilities . According to GloboCan 2012, esophageal
th
cancer is the 5 leading cause of cancer mortality in
[1]
Zambia . However, the age of onset of esophageal
cancer is younger in the Zambian population compared
[7]
to the United States and United Kingdom. Kelly et al
found that 28% of patients with esophageal cancer
were younger than 45 years of age, compared to the
United States or United Kingdom in which new cases
occurring in individuals younger than 50 years of age
[8,9]
were 7.6% and less than 10% respectively . The
phenomenon of esophageal cancer in young people
has also been observed in Kenya. Of 2643 newly
diagnosed cancers, 914 (34.6%) were esophageal
cancer; of which 58 (6.3%) patients were under 30
years, 9 (1%) under 20 years, with the youngest
[2]
patient diagnosed at age 14 years . We propose
that elucidation of the basis for this age difference
may reveal important clues to the etiology and
pathogenesis of esophageal cancer.
A review of the literature reveals that risk factors for
esophageal cancer include environmental, lifestyle (diet,
smoking and alcohol consumption), infectious, and
[3,10-14]
genetic factors
. Alcohol consumption has been
primarily associated with ESCC whilst smoking is a risk
[3]
factor for both squamous cell and adenocarcinoma .
The specific dietary factors include vitamin/trace metal
[15]
deficiencies, and increased nitrites and nitrosamines .
Dietary antioxidants, such as those found in fresh
fruits and raw vegetables, particularly green leafy
vegetables, are thought to play a protective role in

esophageal cancer. Clinical and dietary data were
collected using a standard questionnaire, developed
a priori . Blood was collected for human immunodefi
ciency virus (HIV) serology. Urine was collected, and
8-isoPGF2α was measured primarily by enzyme-linked
immunosorbent assay and expressed as a ratio to
creatinine.
RESULTS: Forty five controls (mean age 54.2 ± 15.3,
31 male) and 27 cases (mean age 54.6 ± 16.4, 17
males) were studied. Body mass index was lower in
cases (median 16.8) than controls (median 23.2), P =
0.01. Histopathologically, 25/27 (93%) were squamous
cell carcinoma and 2/27 (7%) adenocarcinoma.
More cases smoked cigarettes (OR = 11.24, 95%CI:
1.37-92.4, P = 0.02) but alcohol consumption and HIV
seropositivity did not differ significantly (P = 0.14 for
both). Fruit, vegetables and fish consumption did not
differ significantly between groups (P = 0.11, 0.12,
and 0.10, respectively). Mean isoprostane level was
significantly higher in cases (0.03 ng/mg creatinine)
than controls (0.01 ng/mg creatinine) (OR = 2.35,
95%CI: 1.19-4.65, P = 0.014).
CONCLUSION: Smoking and isoprostane levels were
significantly associated with esophageal cancer in
Zambians, but diet, HIV status, and alcohol consumption
were not.
Key words: Gastrointestinal cancer; Non-communicable
diseases; Zambia
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The most common type of esophageal cancer
in developing countries, including Sub-Saharan Africa,
is squamous cell carcinoma, in contrast to the United
States and United Kingdom, in which adenocarcinoma
predominates. Yet, there are few studies evaluating
risk factors, antioxidant status and the role of oxidative
stress of esophageal cancer in Africa. This study
explores the association of a non-invasive marker for
oxidative stress in esophageal cancer.
Asombang AW, Kayamba V, Lisulo MM, Trinkaus K, Mudenda
V, Sinkala E, Mwanamakondo S, Banda T, Soko R, Kelly P.
Esophageal squamous cell cancer in a highly endemic region.
World J Gastroenterol 2016; 22(9): 2811-2817 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i9/2811.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i9.2811

INTRODUCTION
Esophageal cancer is the eight most common cancer
worldwide and the sixth most common cause of
[1-3]
cancer death
. Esophageal adenocarcinoma (EA)
and esophageal squamous cell carcinoma (ESCC) are
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[16-20]

the development of cancer
. Oxidative stress is
a result of increase production of reactive oxygen
species which may play a role in carcinogenesis by
causing damage to DNA, cell structure and increase
[17-21]
proliferation rate
. Antioxidants such as those
found in diet are thought to play a role in preventing
and repairing damage induced by the reactive oxygen
[5]
species . This study aims to test the hypothesis that
poor antioxidant status predisposes to esophageal
cancer in Zambia using isoprostanes measured in urine
as a surrogate marker of oxidative stress. Isoprostanes
are prostaglandin like substances formed by free
[21]
radical peroxidation of arachidonic acid . The increase
isoprostane level is a marker of free radical induced
damage that leads to DNA damage and has a role in
carcinogenesis. In vivo formation of isoprostanes in
[21,22]
humans was not discovered until the 1990s
, and
this measurement of isoprostanes is considered one
of the most reliable methods to assess in vivo status
[21]
of oxidative stress , with urinary status being least
invasive. Oxidative stress plays a role in carcinogenesis
by increasing DNA damage, cell proliferation and
apoptosis.

frequency questionnaire (FFQ), developed a priori by
the research team was used to obtain dietary history.
The FFQ was specific to the Zambian diet and 51
food items were classified into 7 categories: Fruits,
vegetables, fish, meat, insects, cereals and starches.
This food questionnaire assessed habitual food
consumption of each food item by asking frequency
in form of never, once per month, once per week, 2-3
times per week, 4-6 times per week, daily, 2-3 times
per day, 4-6 times per day and 7 times per day. The
analysis was performed of the 7 categories. A physical
examination was performed on all subjects at initial
enrollment. An upper endoscopy was performed
using the Pentax 2990 series endoscopes. Cold biopsy
forceps were used to obtain routine biopsies from
all malignant appearing lesions for histopathology.
Urine samples were collected to measure levels of
isoprostanes using immunoassays. Blood samples
were collected for human immunodeficiency virus
(HIV).

Lab technique for immunoassay

Urine samples were collected to measure isoprostanes
(8-iso prostaglandin F2α) using enzyme-linked
immunosorbent assay (ELISA). In our prior study
the use of ELISA was validated by comparing results
[24]
against the gas chromatography/mass spectrometry .
Butylated hydroxytoluene (BHT) preservative stock
solution was prepared with 50 mg/mL methanol and
stored in a refrigerator at +4 degrees Celsius. Fasting
spot urine samples were collected from all subjects;
aliquots of 0.9 mL was added to 0.1 mL BHT in a
cryopreservation tube then stored at -80 ℃. Urinary
isoprostane and creatinine concentrations were
measured using Isoprostane and Creatinine Microplate
Assays (Oxford Biomedical, Oxford, MI) according to
the manufacturer’s instructions.

MATERIALS AND METHODS
Institutional Review Board approval was obtained from
the University of Zambia School of Medicine research
ethics committee and Washington University School of
Medicine in St Louis, United States. Informed consent
was obtained from all patients prior to enrolling pa
tients in the study.
This was a prospective, case control study at the
largest tertiary hospital, University Teaching Hospital
(UTH) in Lusaka, Zambia, Southern Africa between
November 2010 and January 2012. UTH is a national
referral hospital based in Lusaka, the capital city of
Zambia, and sees cases from all over the country, a
[23]
catchment area of approximately 1.3 million .

Statistical analysis

Data was analyzed using SAS. The cases and control
were matched by age, so they are not independent
cohorts of patients. Conditional logistic regression
was used to take into account the matching while
estimating the overall risk of esophageal cancer
associated with smoking, alcohol consumption, HIV
positive status, isoprostane and creatinine levels
and standardized food consumption frequencies.
The following variables were categorized and thus
we were able to analyze them as dichotomous or
polytomous independent variables using conditional
logistic regression: age (< 30, 31-45, 46-60, >
60), education (none, primary, secondary, tertiary)
and income (high vs low). The following were not
categorized, but analyzed as continuous variables:
BMI and MUAC. Mean isoprostane level was analyzed
on a log scale to improve the fit of the logistic model.
The odds of esophageal cancer were calculated per
one unit increase in log isoprostane level. The results

Study design

We employed a case control study design. Cases
and controls were matched by sex, and age (within
age groups ≤ 30, 31-45, 46-60, or > 60 years). Our
inclusion criteria for cases were: (1) age ≥ 18 years;
and (2) histopathologically proven esophageal cancer;
for controls: (1) age ≥ 18 years; and (2) upper
gastrointestinal (GI) symptoms but no pathology
seen at endoscopy. The exclusion criteria: (1) active
chemotherapy or radiation therapy; and (2) inability to
consent.

Data collection

For patients who met inclusion criteria, a questionnaire
was used to collect demographic data (age, gender,
occupation, socioeconomic status and education level);
a medical history including family history, alcohol
consumption history and smoking history); A food
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Table 1 Baseline characteristics n (%)

Table 2 Logistic regression models of association of risk
factors with esophageal cancer

Case (n = 27) Control (n = 45)

Variable
Age group
< 30 yr
31–45 yr
46–60 yr
> 60 yr
Gender
Male
Female
Education
None
Primary
Secondary
Tertiary
Income
Low
High
Irregular/unsure
Smoking status
Never
Ever
Alcohol intake
Never
Ever
Median BMI (kg/m2)
HIV
Positive
Negative
MUAC (cm)

P value
Risk factor

2 (7.41)
7 (26.0)
6 (22.2)
12 (44.4)

2 (4.4)
14 (31.1)
11 (24.4)
18 (40.0)

(reference)
0.99
0.99
0.99

17 (63)
10 (37)

31 (69)
14 (31)

0.99
(reference)

2 (8.3)
15 (62.5)
6 (25)
1 (4.1)

4 (8.9)
18 (40.0)
11 (24.4)
12 (26.7)

(reference)
0.76
0.66
0.99

21 (77.8)
2 (7.4)
4 (14.8)

15 (33.3)
14 (31.1)
16 (35.6)

(reference)
0.025
0.019

19 (70)
8 (30)

42 (93)
3 (7)

(reference)
0.024

18 (67)
9 (33)
16.8

37 (82)
8 (18)
24.5

(reference)
0.140
0.014

6 (22.2)
20 (74.1)
21.5 (19-25)

3 (6.7)
38 (84.4)
28 (26-31)

0.140
(reference)
0.0024

95%CI

P value

2.35
11.24
2.49

1.19-4.65
1.37-92.40
0.744-8.34

0.014
0.024
0.140

3.450
0.761
0.917
0.364
0.555
4.220

0.656-18.14
0.542-1.07
0.822-1.02
0.108-1.23
0.162-1.90
0.463-38.42

0.140
0.110
0.120
0.100
0.350
0.200

Associations between risk factors and cancer are presented as OR with
95%CI, and a P value of < 0.05 was required for statistical significance.
HIV: Human immunodeficiency virus.

and controls (23.2) differed, and was statistically
significant, P = 0.014. Social history revealed more
cases than controls smoked, OR = 11.24, 95%CI:
1.37-92.4, P = 0.02. Neither alcohol consumption nor
HIV seropositivity were statistically significant, P =
0.14 for both. Histopathologically, 25/27 (93%) cases
were squamous cell carcinoma and 2/27 (7%) were
adenocarcinoma. The location of the malignant lesions
in the esophagus was as follows: 4/27 in the upper
third, 6/27 in the middle and 4 in the lower third.
Lesion location documentation was missing for 13 of
the 27 cases.

Low income: less than $200 per month; Ever smoked or drank alcohol
includes both current and former. A P value of < 0.05 was statistical
significant. BMI: Body mass index; MUAC: Mid upper arm circumference;
HIV: Human immunodeficiency virus.

Smoking and alcohol status

Ever having smoked (that is, current or former smoker)
was more common among cases than among controls
(OR = 11.2, P = 0.024). Being a current smoker was
not demonstrably more common in either group (P =
0.21) (Table 2). Ever having smoked and ever having
consumed alcohol (that is, having been both a smoker
and a drinker, vs having done only one or neither of
these things) was also more common among cases
than controls (OR = 9.3, P = 0.040). This effect may
be mostly due to smoking.

are expressed as odds ratio with a 95%CI. P values
test the null hypothesis that each of the following
risk factors is equally likely to be present in those
with esophageal cancer and in the controls with no
esophageal cancer. A P value of less than 0.05 was
considered to be statistically significant. Sample size
calculations were based on a matched case-control
study design. Given that there are few baseline data
are available, the assumptions made were plausible
but not necessarily accurate. We assumed that 20%
of the controls have high isoprostane levels (indicating
high levels of oxidative stress), and 50% of cases have
high isoprostane levels, with 95% confidence and 90%
power, we thus required 58 cases and 58 controls.

Food frequency questionnaire estimation of dietary
intake

Standardized food frequencies did not differ in cases
and controls, although total fruits, total vegetables
and total fish may have higher values in controls (P
= 0.11, 0.12 and 0.10, respectively). After correction
for multiple testing none of the individual foods are
clearly more commonly consumed with either cases or
controls (individual food results not shown here).

RESULTS
Patient characteristics

During the study period, we enrolled patients from
across the country, 27 with esophageal carcinoma
and 45 controls. We analyzed 27 case-control sets,
11 with one control and 16 with 2 controls per case.
Of the 45 controls, 31 were males with a mean age
of 54.2 years (SD ± 15.3) and of the 27 cases, 17
were males with a mean age of 54.67 years (SD ±
2
16.4) (Table 1). The median BMI for cases (16.8 kg/m )
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Odds ratio

Isoprostane excretion (log)
Current/former smoker vs never
Current/former alcohol use vs
never
HIV seropositive
Total fruits
Total vegetables
Total fish
Total animal products
Total insects

Urinary isoprostane excretion

The mean isoprostane excretion into urine was
significantly higher in cases (0.03 ng/mg creatinine)
than controls (0.01 ng/mg creatinine), OR = 2.35,
95%CI: 1.19-4.65, P = 0.014. We found the higher
isoprostane levels are associated with esophageal
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cancer compared to the controls, P = 0.014. The risk
increases by about 2.4 times with each unit increase
on a log scale. There is no evidence that creatinine
levels are associated with esophageal cancer (P =
0.11).

higher in esophageal cases than controls, which
cannot be explained by dietary factors alone. A factor
to consider is the smoking status of subjects and role
in carcinogenesis. There is some evidence suggesting
that cigarette smoking results in increase in oxidative
[31-33]
stress given the oxidant content
, thus would
play a role in carcinogenesis. However, there is also
data supporting the fact that many in the esophageal
squamous cell carcinoma high risk areas do not smoke
or consume significant amount of alcohol to explain
the increase incidence and prevalence of ESCC. This is
an area requiring further research.
The role of dietary factors, such as meat in eso
phageal carcinogenesis is inconsistent, attributing to
the method by which the meat was prepared - boiled,
[5]
fried or grilled . There are also data supporting the
role of carbohydrates in esophageal carcinogenesis,
however this data is inconclusive with some studies
[5]
showing an inverse association . The Zambian diet
is rich in carbohydrates with the main daily meal
consisting of Nshima (a maize flour based food);
however we do not believe this confounded our
results given that Nshima is a staple part of the diet
and consumed by all participants. The International
Agency for Research on Cancer (IARC) working group
has identified alcohol as a human carcinogen and
implicated its role in ESCC; however in regards to red/
processed meat the conclusion is “limited suggestive
increase”. There are several studies evaluating the
role of diet in esophageal carcinogenesis with fewer
[34]
differentiating the histologic subtype . As mentioned,
meat has been one of the most widely studied food
items with inconsistent results. Most published studies
are from Western nations such as United States,
Europe, Asia and Australia. In a systematic review and
dose response meta-analysis evaluating meat, fish
[34]
and esophageal cancer risk, Salehi et al
analyzed
35 articles, of which 14 focused on ESCC and 13 did
not differentiate ESCC from EAC. There was an overall
positive association between red meat and those with
[34]
ESCC . The mechanism of red meat in carcinogenesis
is believed to be related to pro-oxidant property of
heme iron. The difference of meat consumption in
Western countries vs Asian countries has to do with
the meat being more processed in Western nations;
however both processed and red meat contains
[34]
N-nitroso compounds and heme iron . Red meat is
consumed more than processed meat in the Zambian
population, with 20%-30% of households from most
[35]
major cities . We found no significant difference in
meat consumption between controls and cases.
There are several limitations to our study. First
patients with esophageal cancer may change their diet
due to dysphagia or other clinical features related to
cancer. However, the use of FFQ has the advantage
of capturing diet overtime including prior to being
symptomatic. Secondly, we cannot ascertain if the
poor antioxidant status in patients with esophageal
cancer is a cause or consequence of the cancer.

DISCUSSION
Esophageal cancer poses a significant global health
burden, with majority of cases and deaths occurring
[1]
in highly endemic areas, Asia and Southern Africa .
Late presentation especially in cases of ESCC has been
identified as one of the risks for poor outcome and
[25]
death . Given the poor morbidity and mortality, it is
important to understand the etiopathogenesis of cancer
and develop tools for early detection. An increase in
isoprostane levels has been found in association with
other disorders such as cardiovascular (heart failure),
[26]
pulmonary (asthma), neurologic (multiple sclerosis ,
[21,22]
hepatic (cirrhosis) and cancers (prostate, breast)
.
Oxidative stress has been implicated in various
[27,28]
[29]
disorders including cancer of the prostate
, lung ,
[30]
and breast . An imbalance between pro-oxidant and
antioxidants results in oxidative stress, and this may
promote carcinogenesis. The advantage of measuring
urinary isoprostanes as a marker of oxidative stress is
that it is postulated to be chemically stable, detectable
in all tissues hence allowing for normal range definition
and evidence from animal models showing an increase
[21]
in the setting of oxidative injury . The prognostic
aspect of F2 isoprostanes shows a direct relationship
between isoprostane and disease state, specifically a
higher level with increasing severity in conditions such
[21]
as asthma explained by worsening inflammation .
However, there is not sufficient evidence to apply this
direct relationship in the development and progression
of esophageal squamous cell cancer.
In this study, we report risk factors associated with
esophageal cancer in Zambians. This study contributes
to what is currently known about the role of diet,
oxidative stress and antioxidants in carcinogenesis. We
found that smoking and elevated urinary isoprostane
levels were associated with esophageal cancer in the
Zambian patients, but diet composition, HIV status,
and alcohol consumption were not. To our knowledge
this is the first prospective study evaluating dietary
factors and urinary isoprostane as a marker of
oxidative stress as risk factors for esophageal cancer
in Zambia. This is also one of a handful of publications
related to esophageal cancer risk factors in Zambia.
Our hypothesis was that poor antioxidant status as
evidenced by poor dietary antioxidants predisposes
to esophageal cancer in Zambia and the use of
isoprostanes measured in urine was as surrogate
non-invasive marker of oxidative stress. However,
our analysis revealed that the consumption of total
fruit, vegetables and fish consumption did not differ
significantly between esophageal cancer cases and
controls. The mean isoprostane level was significantly
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countries exploring this association. Oxidative stress has been implicated
in various disorders including cancer of the prostate, lung, and breast. An
imbalance between pro-oxidant and antioxidants results in oxidative stress,
and this may promote carcinogenesis. This study contributes to what is
currently known about the role of diet, oxidative stress and antioxidants in
carcinogenesis.

Thirdly, we did not measure the antioxidant content
of the food items, proportion or mode of preparation.
Finally, we did not achieve our calculated sample size
due to limitations in research funding; however our
data contributes significantly to current knowledge
about esophageal cancer. There are also numerous
strengths to this study. First this was a prospective,
case control study that included subjects both hospital
and community based setting. Secondly, the FFQ
was developed a priori specific to the Zambian diet,
but can also be applied to other countries within the
region. Third, this study contributes significantly to
the understanding of esophageal cancer and role of
urinary isoprostanes as a non-invasive marker of
oxidative stress. This knowledge can be used to guide
further studies evaluating risk factors as it relatives to
oxidative injury and carcinogenesis.
In conclusion, identifying risk factors for esophageal
cancer is important, so as to characterize modifiable
risks that can be altered with behavioural changes and
thus contribute to decreasing overall disease incidence
or set-up screening protocols for individuals at risk. To
our knowledge there are no global guidelines for ESCC
screening, however several techniques have been
studied to identify precursor lesions. Screening and
surveillance guidelines for Barrett’s esophagus have been
developed by the American Society for Gastrointestinal
Endoscopy (ASGE), but no concrete guidelines exist for
ESCC. Further studies are encouraged to understand
the role of urinary isoprostanes in screening and
progression of esophageal squamous cell cancer.

Applications

Urinary isoprostanes could potentially serve as a biomarker for oxidative stress
in individuals with esophageal cancer. Further studies are needed to explore
role of isoprostanes in early detection of esophageal cancer and monitoring of
treatment in those with diagnosed esophageal cancer.

Terminology

Oxidative stress plays a role in carcinogenesis by increasing DNA damage,
cell proliferation and apoptosis. Oxidative stress is an imbalance between free
radicals (unstable, reactive) and antioxidants, with resulting damage induced by
free radicals. Urinary isoprostanes are prostaglandin like substances that can
be measured in urine as markers of oxidative stress. Oxidative stress has been
recognized in the development of cancer; hence urinary isoprostanes can be
used as a non-invasive marker of oxidative stress.

Peer-review

This prospective, case control study provides more data about the association
of isoprostanes with carcinogenesis and to our knowledge this is one of the first
few studies exploring the role in esophageal cancer in Sub-Saharan Africa. This
study contributes to current knowledge of esophageal cancer and risk factors.
Information from this study could be used for further studies, development of
screening protocols and management of esophageal cancer.
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AIM: To investigate the prognostic significance of
perioperative leukopenia in patients with resected

Institutional review board statement: The study was reviewed

WJG|www.wjgnet.com

2818

March 7, 2016|Volume 22|Issue 9|

Chen XF et al . Prognostic value of perioperative leukocyte count

gastric cancer.

Guo RH, Shu YQ. Prognostic value of perioperative leukocyte
count in resectable gastric cancer. World J Gastroenterol 2016;
22(9): 2818-2827 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i9/2818.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i9.2818

METHODS: A total of 614 eligible gastric cancer
patients who underwent curative D2 gastrectomy and
adjuvant chemotherapy were enrolled in this study.
The relationship between pre- and postoperative
hematologic parameters and overall survival was
assessed statistically, adjusted for known prognostic
factors.

INTRODUCTION
Gastric cancer is the fourth most common malignancy
and the second leading cause of cancer deaths world
[1]
wide . The incidence of gastric cancer is especially high
in East Asia, and nearly half of the world’s total cases
[2]
each year occur in China . Gastrectomy still remains
the mainstay of curative treatment for patients with
localized disease. Despite advances in multidisciplinary
care and comprehensive treatment modalities, the
overall five-year survival after curative gastrectomy
[3-5]
is only about 30%
. Thus, the identification of
surrogate predictors for prognosis would be of para
mount importance for resectable gastric cancer before
adjuvant therapy.
Elevated leukocyte count preoperatively predicts
[6]
[7]
poor outcomes or recurrence in lung , anal , and
[8]
cervical cancers, while leukopenia in cancer patients
is usually seen during the course of chemotherapy, and
arises in association with thrombocytopenia and anemia
[9]
as a consequence of bone marrow suppression . We
noted that a subset of gastric cancer patients who
underwent gastrectomy with a normal baseline white
blood cell count (WBC) experienced mild to moderate
leukopenia after surgery, but before any adjuvant
treatment. Most of these patients had no infection or
disease of the hematopoietic system to explain this
phenomenon, and few published studies described
a similar observation. We therefore carried out a
retrospective analysis to investigate preoperative and
postoperative leukocyte counts, and to assess their
relationship with clinicopathologic characteristics and
their potential prognostic value.

RESULTS: The mean white blood cell count (WBC)
significantly decreased after surgery, and 107/614
(17.4%) patients developed p-leukopenia, which was
9
defined as a preoperative WBC ≥ 4.0 × 10 /L and
9
postoperative WBC < 4.0 × 10 /L, with an absolute
9
decrease ≥ 0.5 × 10 /L. The neutrophil count
decreased significantly more than the lymphocyte
count. P-leukopenia significantly correlated with
poor tumor differentiation and preoperative WBC.
A higher preoperative WBC and p-leukopenia were
independent negative prognostic factors for survival
[hazard ratio (HR) = 1.602, 95% confidence interval
(CI): 1.185-2.165; P = 0.002, and HR = 1.478, 95%CI:
1.149-1.902; P = 0.002, respectively] after adjusting
for histology, Borrmann type, pTNM stage, vascular
or neural invasion, gastrectomy method, resection
margins, chemotherapy regimens, and preoperative
WBC count. The patients with both higher preoperative
WBC and p-leukopenia had a worse prognosis
compared to those with lower baseline WBC and no
p-leukopenia (27.5 mo vs 57.3 mo, P < 0.001).
CONCLUSION: Preoperative leukocytosis alone or in
combination with postoperative leukopenia could be
independent prognostic factors for survival in patients
with resectable gastric cancer.
Key words: Gastric cancer; Leukocytosis; Leukopenia;
Postoperative; Prognosis
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Core tip: It has been noted that a subset of gastric
cancer patients who underwent gastrectomy with
normal baseline white blood cell counts experience mild
to moderate leukopenia after surgery. This retrospective
analysis investigated preoperative and postoperative
leukocyte counts in gastric cancer patients to assess
their relationship with clinicopathologic characteristics
and their potential prognostic value. The results show,
for the first time, that preoperative leukocytosis and
postoperative leukopenia significantly correlated with
overall survival in resectable gastric cancer treated with
adjuvant chemotherapy. This suggests the prognostic
importance of perioperative total leukocyte count for
operable gastric cancer.

MATERIALS AND METHODS
Patients

A retrospective search of the medical records of The
First Affiliated Hospital of Nanjing Medical University
was conducted spanning the period from January 1,
2008 to August 31, 2012. Cases were included when
they fulfilled the following criteria: (1) management
with primary curative gastrectomy, and at least two
cycles of adjuvant chemotherapy commencing at
most 2 mo after surgery (the detailed indications
for chemotherapy is shown in Method S1); (2)
histopathologically confirmed gastric cancer; (3)
routine blood tests available for review from both preand postoperative periods (with the postoperative
counts taken between 3 wk and 2 mo after surgery,
but before chemotherapy was administered); and (4)
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available survival data. The exclusion criteria included:
(1) patients with recorded myeloproliferative disease;
(2) patients with bony or bone marrow metastasis
diagnosed before chemotherapy administration; (3)
patients with a previous history of gastric surgery;
(4) patients in whom neoadjuvant chemotherapy was
indicated; (5) patients with additional pathology or
postoperative complications that would significantly
impact the WBC, such as infection or autoimmune
diseases; and (6) patients who had undergone
splenectomy. These exclusion criteria were used to
eliminate potential alternative reasons for leukope
nia or leukocytosis. The study was approved by the
Ethics Committee of The First Affiliated Hospital of
Nanjing Medical University and has been performed
in accordance with the ethical standards of the
Declaration of Helsinki.

we also analyzed the data using the current leukopenia
9
standard definition (postoperative WBC < 4.0 × 10 /L).

Statistical analysis

All statistical data were analyzed using the SPSS 18.0
software (SPSS Inc., Chicago, IL, United States).
Changes in blood counts were analyzed with the
paired t test. The correlations between WBC and
clinicopathologic parameters were evaluated with
2
Pearson’s χ or Fisher’s exact tests. Survival was
visualized by the Kaplan-Meier method, and the logrank test was used to compute differences between
the curves. Potential factors correlated with prognosis
were analyzed using Cox regression to estimate the
hazard ratios (HR) and their 95% confidence intervals
(CI). Multivariate survival analysis was performed using
a forward stepwise method, with a significance level of
0.05 for entering, and 0.10 for removing the variables.
Statistical significance was set at a P < 0.05.

Laboratory test results and other clinical data

Routine blood tests were performed by electrical
impedance with a Beckman coulter LH750 instrument
(Beckman Coulter, Inc., Brea, CA, United States).
Preoperative blood counts, including total WBC, WBC
differential counts (including neutrophil and lymphocyte
count); hemoglobin (HGB) and platelets were usually
measured in the week before surgery. Postoperative
blood counts were measured before chemotherapy,
usually 21-60 d after surgery. For patients in whom
chemotherapy was not indicated, postoperative blood
tests were also performed during this time frame.
Detailed clinicopathologic information was obtained from
the medical records system. All cases were restaged
th
according to the 7 edition of the American Joint
Committee on Cancer and International Union Against
[10]
Cancer classification for gastric cancer . Survival data
were acquired from patients’ records, death certificates,
or patients’ families by telephone follow-up. The last
follow-up date was August 31, 2014. Survival time was
calculated from the date of surgery to the date of death
or to the last follow-up.

RESULTS
Patient characteristics

A total of 614 patients who had undergone D2 curative
gastrectomy (48.0% distal gastrectomy, 38.9% total
gastrectomy, and 13.1% promixal gastrectomy) for
gastric cancer were eligible for inclusion in the study.
The clinicopathologic features of all the patients are
listed in Table 1. The cohort comprised 430 male and
184 female patients, with a median age of 58 years.
The most common pathologic features included tumors
of undifferentiated type (85.5%), Borrmann Ⅰ/Ⅱ/Ⅲ
type (96.6%), T4 (58.6%), TNM stage Ⅲ (57.7%),
with affected lymph nodes (75.6%), and R0 (71.0%).
The cutoff of intraoperative blood loss (IBL) was
[11]
determined from a previous study . Approximately
92.7% of cases had an IBL < 200 mL, and 12.5%
received intraoperative blood transfusions. The
majority of subjects received double (48.0%) or triple
(41.2%) chemotherapy regimens. No patients were
given radiotherapy. All the chemotherapy regimens
used are described in Table S1.

Definitions of normal blood values and postoperative
leukopenia (p-leukopenia)

Blood counts before and after operation

Normal ranges of clinical blood tests were based on
the latest standards published by the Ministry of Health
9
of China (WBC: 4.0-10.0 × 10 /L; platelet count:
9
100-300 × 10 /L; HGB: 120-160 g/L in male patients
and 110-150 g/L in female patients).
For total leukocyte count, the preoperative WBC
was divided into two categories (< 5.6 or ≥ 5.6)
based on the median value of preoperative WBC.
P-leukopenia required a preoperative WBC ≥ 4.0 ×
9
9
10 /L and postoperative WBC < 4.0 × 10 /L, and an
9
absolute decrease postoperatively of ≥ 0.5 × 10 /L
in patients of both sexes. This concept of an absolute
decrease value was used to better define patients who
experienced “real” leukopenia and to avoid clinically
insignificant changes distorting the results. However,
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Patients were grouped by normal maximum and
minimum counts, and showed a significantly lower
incidence of leukopenia before surgery than after
surgery, at 8.8% and 22.8% respectively (P < 0.001,
Table 2). The postoperative WBCs were significantly
lower than the preoperative counts. The mean WBC
9
9
was 6.08 × 10 /L preoperatively and 5.25 × 10 /L
postoperatively (P < 0.001, Table 2). Interestingly, the
mean WBC of patients with preoperative leukopenia
9
9
increased from 3.45 × 10 /L to 3.90 × 10 /L after
surgery (P = 0.02). According to our definition, a total
of 107 (17.4%) patients developed p-leukopenia,
among whom 11 (10%) had a decrease to < 1.0
9
9
× 10 /L and 19 to < 3.0 × 10 /L. According to the
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Table 1 Patient characteristics
n

Variables
All patients
Age (yr)
Median (range)
Sex
Male
Female
Tumor site
Cardia
Fundus
Body
Antrum
Borrmann type
Ⅰ/Ⅱ/Ⅲ
Ⅳ
Histology
Differentiated
Undifferentiated
Tumor status
pT1
pT2
pT3
pT4
Node status
pN0
pN1
pN2
pN3

%

70.0
30.0

148
10
241
193

24.1
1.6
39.3
31.4

578
36

94.1
5.9

89
525

14.5
85.5

51
80
123
360

8.3
13.0
20.0
58.6

150
122
158
184

24.4
19.9
25.7
30.0

%

pTNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

76
149
354
35
Vascular or neural invasion
Negative
337
Positive
277
Operation method
Promixal gastrectomy
80
Distal gastrectomy
295
Total gastrectomy
239
Resection margins
R0
436
R1
178
Chemotherapy regimens
Triplet
253
Doublet
295
Singlet
45
None
21
Intraoperative blood loss (mL)
Median (range)
120 (50-1500)
≤ 200
569
> 200
49
Intraoperative blood transfusion
No
537
Yes
77

58 (18-85)
430
184

n

Variables

614

12.4
24.3
57.7
5.7
54.9
45.1
13.1
48.0
38.9
71.0
29.0
41.2
48.0
7.3
3.4

92.7
7.3
87.5
12.5

Table 2 Blood cell counts pre- and postoperatively
Factors

mean ± SD

Range

P value

n (%)
1

1

Low

Normal

High

1

9

WBC (× 10 /L)
Before operation
After operation
HGB (g/L)
Before operation
After operation
PLT (× 109/L)
Before operation
After operation

6.08 ± 2.11
5.25 ± 1.97

1.5-17.3
2.1-17.8

< 0.001

54 (8.8)
140 (22.8)

530 (86.3)
455 (74.1)

30 (4.9)
19 (3.1)

124.2 ± 22.92
117.1 ± 13.68

55-176
79-161

< 0.001

159 (25.9)
300 (48.9)

441 (71.8)
313 (51.0)

14 (2.3)
1 (0.2)

214.9 ± 77.15
214.2 ± 84.76

55-706
42-793

0.838

22 (3.6)
22 (3.6)

527 (85.8)
520 (84.7)

65 (10.6)
72 (11.7)

1

Low represents the values that were lower than the lower limit of the normal range; Normal represents the values that were within the normal range; High
represents the values that were higher than the upper limit of the normal range. HGB: Hemoglobin; PLT: Platelet count; WBC: White blood cell count.

correlation between the variation of WBC and HGB
(Figure S2). Likewise, the platelet counts before and
after surgery showed no significant difference (P =
0.838, Figure S1C, Table 2).
According to the conventional definition, without the
additional requirement for an absolute decrease in the
WBC, which we used to define post-leukopenia, 140/614
(22.8%) patients had leukopenia postoperatively.
Similar results were found with regard to the change
of HGB, platelet count(s) (Table S3), neutrophils, and
lymphocytes (Figure 1, Table S2) in patients with and
without post-leukopenia.

Common Terminology Criteria for Adverse Events
version 3.0, 85 and 22 cases had grade 1 and grade
2 leukopenia, respectively. No leukopenia of grade
3 or more was recorded. Furthermore, there was a
significant association between preoperative WBC and
p-leukopenia (P = 0.008, Table 3).
Although both the neutrophil and lymphocyte
counts declined after surgery, neutrophil loss was the
major contributor to the drop in WBC, thus leading
to a significant decrease of neutrophil to lymphocyte
ratio (NLR) (Figure 1). Accordingly, neutrophil count
and NLR dropped more in the p-leukopenia population
than in the non-p-leukopenia group (Figure 1, Table
S2). The mean value of HGB in patients both with
and without p-leukopenia decreased after surgery
(Figure S1B, Table 2), while there was no significant
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WBC and clinicopathologic features

The preoperative WBC was significantly associated
with patient sex (P = 0.011), tumor stage (P = 0.015),
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Table 3 Relationships between white blood cell count and patients’ clinicopathologic features n (%)
Factors

9

Preoperative WBC count (×10 /L)

All patients
Age (yr)
< 58
≥ 58
Sex
Male
Female
Tumor site
Cardia
Fundus
Body
Antrum
Multi-site
Histology
Differentiated
Undifferentiated
Borrmann type
Ⅰ/Ⅱ/Ⅲ
Ⅳ
Tumor status
pT1 + pT2
pT3 + pT4
Node status
pN0
pN1 + pN2 + pN3
pTNM stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Vascular or neural invasion
Negative
Positive
Gastrectomy method
Promixal
Distal
Total
Resection margins
R0
R1
Intraoperative blood loss (mL)
≤ 200
> 200
Intraoperative blood transfusion
No
Yes
Preoperative WBC count (× 109/L)
< 5.6
≥ 5.6

P value

P-leukopenia

P value

< 5.6

≥ 5.6

Positive

Negative

295 (48.0)

319 (52.0)

107 (17.4)

507 (82.6)

143 (51.1)
152 (45.5)

137 (48.9)
182 (54.5)

0.194

51 (18.2)
56 (16.8)

229 (81.8)
278 (83.2)

0.670

192 (44.7)
103 (56.0)

238 (55.3)
81 (44.0)

0.011

70 (16.3)
37 (20.1)

360 (83.7)
147 (79.9)

0.248

74 (50.0)
6 (60.0)
112 (46.5)
94 (48.7)
9 (40.9)

74 (50.0)
4 (40.0)
129 (53.5)
99 (51.3)
13 (59.1)

0.823

29 (19.6)
1 (10.0)
39 (16.2)
36 (18.7)
2 (9.1)

119 (80.4)
9 (90.0)
202 (83.8)
157 (81.3)
20 (90.9)

0.664

35 (39.3)
260 (49.5)

54 (60.7)
265 (50.5)

0.085

8 (9.0)
99 (18.9)

81 (91.0)
426 (81.1)

0.023

278 (48.1)
17 (47.2)

300 (51.9)
19 (52.8)

0.919

101 (17.5)
6 (16.7)

477 (82.5)
30 (83.3)

0.901

78 (59.5)
217 (44.9)

53 (40.5)
266 (55.1)

0.003

18 (13.7)
91 (18.8)

113 (86.3)
392 (81.2)

0.198

84 (56.0)
209 (45.0)

64 (44.0)
255 (55.0)

0.011

25 (16.7)
82 (17.7)

125 (83.3)
382 (82.3)

0.901

123 (54.7)
172 (44.2)

102 (45.3)
21 (55.8)

0.015

38 (16.9)
71 (18.3)

187 (83.1)
318 (81.7)

0.743

168 (49.9)
127 (45.8)

169 (50.1)
150 (54.2)

0.331

60 (17.8)
47 (17.0)

277 (82.2)
230 (83.0)

0.831

41 (51.3)
143 (48.5)
111 (46.4)

39 (48.7)
152 (51.5)
128 (53.6)

0.742

15 (18.7)
55 (18.6)
37 (15.5)

65 (81.3)
240 (81.4)
202 (84.5)

0.598

215 (49.3)
80 (44.9)

221 (50.7)
98 (55.1)

0.329

77 (17.7)
30 (16.9)

359 (82.3)
148 (83.1)

0.907

273 (48.0)
22 (48.9)

296 (52.0)
23 (51.1)

0.906

101 (15.1)
6 (21.1)

468 (84.9)
39 (78.9)

0.545

251 (46.7)
44 (57.1)

286 (53.3)
33 (42.9)

0.099

98 (18.2)
9 (11.7)

439 (81.8)
68 (88.3)

0.198

-

-

-

64 (21.7)
43 (13.5)

231 (78.3)
276 (86.5)

0.008

P-leukopenia, defined as a preoperative WBC ≥ 4.0 × 109/L and postoperative WBC < 4.0 × 109/L, and an absolute decrease postoperatively of ≥ 0.5 × 109/L.
WBC: White blood cell count.

higher WBC before surgery were associated with
a worse clinical outcome (mOS: 46.9 mo vs 55.6
mo, P = 0.001, Figure 2A). Moreover, patients who
experienced p-leukopenia had significantly worse
outcome than those who did not (36.5 mo vs 62.1 mo,
P = 0.009, Figure 2B). We also analyzed the outcome
9
of patients with postoperative WBC < 4.0 × 10 /L;
these patients also had a significantly shorter mOS
(35.9 mo vs 62.1 mo, P = 0.005, Figure 2C).
Univariate analysis revealed that differentiation,
Borrmann type, tumor status, lymph node involvement,
TNM stage, vascular or neural invasion, operation

node status (P = 0.011) and TNM stage (P = 0.003).
Male patients with advanced TNM stage were more
likely to have a higher preoperative WBC (Table 3).
P-leukopenia was significantly associated with poor
tumor differentiation (P = 0.023, Table 3) and low
preoperative WBC count (P = 0.008).

Correlation between WBC and overall survival

Of the 614 patients studied, 259 (42.2%) died during
follow-up. The median follow-up time was 45.1 mo,
and the median overall survival (mOS) was 47.8 mo.
Log-rank survival analysis showed that patients with
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1.0

Before operation

B

WBC ≥ 5.6

0.4
0.2
0.0

Log-rank P = 0.001
0.00

D

20.00

40.00
60.00
OS (mo)

80.00

0.6

p-leukopenia

0.4

0.0

0.0
0.00

20.00

40.00
60.00
OS (mo)

0.4

Log-rank P = 0.005
20.00

40.00
60.00
OS (mo)

80.00

P < 0.001

80
60
40
20
0

0.2

WBC < 4

0.00

80.00

A: Lower preoperative WBC and non-p-leukopenia
B: Low preoperative WBC and p-leukopenia
C: Higher preoperative WBC and non-p-leukopenia
D: Higher preoperative WBC and p-leukopenia

WBC ≥ 4

0.4
0.2

E

0.6

After operation

0.6

0.2

1.0
0.8

Cum survival

Non-p-leukopenia

Cum survival

0.6

1.0
0.8

0.8
WBC < 5.6

Cum survival

Cum survival

0.8

C

1.0

mOS months

A

A

B

C

  

D

Group

0.0
0.00

20.00

40.00
60.00
OS (mo)

80.00

Figure 1 Kaplan-Meier curves depicting overall survival. A: Patients with higher preoperative white blood cell count (WBC) had shorter overall survival (OS) when
divided by the median; B: Patients affected by p-leukopenia had worse OS; C: Patients whose WBC < 4.0 × 109/L after surgery had lower OS than those whose WBC
9
≥ 4.0 × 10 /L; D: Combined analysis of OS by pre- and postoperative WBC. Patients with low preoperative WBC but without p-leukopenia showed the optimal OS,
significantly longer than that in patients who had both high preoperative WBC and p-leukopenia.

method, resection margins, chemotherapy regimens,
preoperative WBC count, and p-leukopenia correlated
with survival. Interestingly, both a high preoperative
WBC and p-leukopenia remained significantly correlated
with worse survival after adjusting for prognostic factors
such as Borrmann Ⅳ type, TNM stage, vascular or
neural invasion, margins R1, chemotherapy regimens
(both P = 0.001, Table 4).
Finally, as a higher preoperative WBC and
p-leukopenia both correlated with lower mOS, we
combined these two factors. Patients were divided into
four groups according to median preoperative WBC
9
9
(≥ 5.6 × 10 /L or < 5.6 × 10 /L) and the presence or
absence of p-leukopenia. Patients with the combination
of higher preoperative WBC and p-leukopenia had
the worst mOS (27.5 mo), while patients with
lower preoperative WBC and no p-leukopenia had
significantly increased mOS (57.3 mo, P < 0.001,
Figure 2D).

Few studies have assessed the postoperative
change of leukocyte count and its potential role in
[14]
prognosis of cancer patients in general. Dallal et al
reported that the incidence of leukopenia (WBC ≤ 4.0
9
× 10 /L) increased significantly from 2.0% before
surgery to 14.6% postoperatively (P < 0.0005) in
590 patients with Roux-en-Y gastric bypass surgery
during a mean follow-up of 398 d (range 30-1484 d).
They also demonstrated that the mean WBC count
9
decreased from a preoperative value of 7.5 × 10 /L
9
to 6.0 × 10 /L after surgery (P < 0.0005), though
the duration of monitoring for leukopenia was much
longer in this report than in our study. In our study,
to exclude other potential factors that could influence
the WBC counts, we used a strict temporal cutoff for
the diagnosis of p-leukopenia of 21-60 d after surgery,
but before chemotherapy administration. Moreover,
cases with known factors as infection or other diseases
that may affect bone marrow were excluded. The
clinical observation that initiated this study was that
some patients unexpectedly had leukopenia after
gastric cancer surgery. The purpose of this study was
thus to determine if this observation was important.
The results clearly showed a fall in WBC count after
gastrectomy, where the rate of leukopenia significantly
increased from 8.8% to 22.8% postoperatively. To
eliminate the bias produced by detection error and
the normal fluctuations of WBC in different physical

DISCUSSION
There is mounting evidence that an elevated WBC
[12,13]
count correlates with cancer mortality
and worse
[6]
[7]
prognosis in patients with non-small cell lung , anal ,
[8]
and cervical cancers. Here we identified a novel
prognostic role for a simple WBC count before and
after curatively intended gastric cancer surgery.
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Table 4 Univariate and multivariate Cox regression analysis for gastric cancer-related survival
Factors

Univariate

Age (yr)
≥ 58 vs < 58
Sex
Female vs male
Histology
Differentiated vs undifferentiated
Borrmann type
Ⅳ vs Ⅰ/Ⅱ/Ⅲ
Tumor status
pT3 + pT4 vs pT1 + pT2
Lymph node metastasis
Yes vs no
pTNM stage
Ⅱ vs Ⅰ
Ⅲ vs Ⅰ
Ⅳ vs Ⅰ
Vascular or neural invasion
Yes vs no
Operation method
Total gastrectomy vs Subtotal gastrectomy
Resection margins
R1 vs R0
Chemotherapy regimens
Triplet or doublet vs singlet or none
Intraoperative blood loss (mL)
> 200 vs ≤ 200
Intraoperative blood transfusion
Yes vs No
Preoperative WBC count (× 109/L)
≥ 5.6 vs < 5.6
P-leukopenia
Positive vs negtive

Multivariate
HR

95%CI

P value

0.776

-

-

-

0.794-1.345

0.809

-

-

-

1.661

1.115-2.475

< 0.001

1.261

0.839-1.896

0.265

2.634

1.726-4.018

< 0.001

1.886

1.207-2.948

0.005

3.186

2.123-4.782

< 0.001

1.230

0.667-2.268

0.507

3.098

2.128-4.512

< 0.001

1.485

0.871-2.533

0.147

2.713
6.449
10.624

1.318-5.583
3.301-12.597
4.909-22.995

0.007
< 0.001
< 0.001

1.813
2.723
4.849

0.756-4.350
1.941-7.882
1.610-14.610

0.183
0.015
0.005

1.780

1.393-2.274

< 0.001

1.324

1.023-1.713

0.033

1.425

1.113-1.824

0.005

1.198

0.931-1.542

0.159

2.081

1.624-2.667

< 0.001

1.904

1.298-2.792

0.001

2.522

1.379-4.614

0.003

2.369

1.289-4.356

0.005

1.146

0.718-1.828

0.568

-

-

-

1.237

0.835-1.831

0.289

-

-

-

1.542

1.204-1.975

0.001

1.553

1.205-2.001

0.001

1.479

1.100-1.988

0.010

1.660

1.226-2.247

0.001

HR

95%CI

1.036

0.811-1.324

1.033

P value

P-leukopenia, defined as a preoperative WBC ≥ 4.0 × 109/L and postoperative WBC < 4.0 × 109/L, and an absolute decrease postoperatively of ≥ 0.5 × 109/L.
CI: Confidence interval; HR: Hazard ratio; WBC: White blood cell count.

situations, we defined p-leukopenia as an absolute
9
decrease of WBC ≥ 0.5 × 10 /L. Intriguingly, we
found that 17.8% of the cases developed p-leukopenia,
which was not related to any decrease in HGB or
platelets, nor to IBL or blood transfusion.
9
Leukocytosis (defined as WBC > 10 × 10 /L)
has been reported to predict poor survival in several
[6,14]
[8]
[7]
malignancies, including lung
, cervical , and anal
[15]
cancers, but not in gastric cancer . In our study,
94% patients were stage Ⅰ-Ⅲ, and only 4.9% had
leukocytosis. We used the median WBC value as
cutoff and showed that an elevated baseline WBC was
related to poor OS, consistent with clinicopathologic
findings, while a higher WBC correlated with advanced
TNM stage, a well-known index for worse outcome. In
contrast, after surgery, patients with a lower WBC had
worse outcome, irrespective of whether our definition
of p-leukopenia or the simple criterion of WBC < 4.0
9
× 10 /L was employed. Furthermore, when combined,
these two factors showed a significant synergetic
prognostic effect indicating that joint analysis of
pre- and postoperative WBC could be helpful for
prognostication of patients who undergo a curative
resection for gastric cancer.
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The mechanism underlying a generalized decrease
in WBC after gastrectomy is still unclear. Emerging
evidence has shown that copper deficiency due to
impaired copper absorption is one cause of leukopenia
or anemia, but is unlikely to be the major cause for
the postoperative short-term leukopenia as it seems
[16,17]
to require years to develop after gastric surgery
.
It is recognized that surgical interventions, especially
[18]
major surgery, can cause immunosuppression .
Immunosuppression is a complex process characterized
by a decrease in T lymphocyte number, and a shift
in the balance between the immunesuppressive
regulatory T lymphocytes and the immune-promoting
[19]
helper T and cytotoxic T cells . A decrease in T cells
may be detected from the immediate postoperative
[20,21]
[22]
period
to 30 d following surgery . A recent
study reported that the postoperative peripheral blood
lymphocyte count correlates with outcome in patients
with gallbladder carcinoma treated by radical resection,
indicating an important prognostic role of postoperative
[20]
immune function . However, in our study, the
decrease in neutrophils was more pronounced, and led
to a decreased NLR. Furthermore, compared with the
non-p-leukopenia population, patients with p-leukopenia
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Figure 2 Neutrophil count (A, B), lymphocyte count (C, D), and neutrophil to lymphocyte ratio (E, F) in patients with and without p-leukopenia or
postoperative leukopenia before and after surgery. P-leukopenia refers to preoperative WBC ≥ 4.0 × 109/L and postoperative WBC < 4.0 × 109/L, with an absolute
decrease ≥ 0.5 × 109/L WBC. Postoperative leukopenia (Post leukopenia) here was defined as WBC < 4.0 × 109/L. Data was presented as mean ± SD. P values
were determined by Student’s t test compared with the corresponding values before operation. WBC: White blood cell.

had an even greater reduction in their neutrophil count
and NLR. Thus, it is reasonable to postulate that the
neutrophils also could be involved in the postoperative
immune disturbance in some patients, though the
intrinsic mechanism underlying this and how it con
tributes to the prognosis remains unknown. IBL or
blood transfusion may greatly affect postoperative WBC,
which was corrected for in the correlation and survival
analyses. In a recent study, IBL > 200 mL was found to
be a risk factor for resected gastric cancer, but this was
not confirmed in our study. This could be due to the
low number of patients with such blood loss (45 cases,
7.32%), and timely treatment with intraoperative and
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postoperative blood transfusion was conducted on the
patients with massive blood loss. In addition, the time
of 21 d after surgery could allow the hematopoietic
system to compensate for the fall in blood components.
Drawbacks of our study are that it is based on
retrospective data and that there are several scenarios
we did not examine, such as those not receiving
chemotherapy and cases with D1 surgery. Moreover,
we did not have banked blood samples to study other
indices of immunologic function, and thus we could
not examine the basic reasons for the development
of p-leukopenia in this cohort. Prospective biologic
and immunologic analyses of blood components are
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planned to elucidate the basic mechanisms of this
phenomenon. Such studies may also pave the way
to new knowledge of the interactions between the
immune system and cancer, currently a very hot area
of research given encouraging results targeting PD1,
[22]
PDL1 and CTL4 .
To the best of our knowledge, this is the first
study to describe the phenomenon of p-leukopenia,
as well as demonstrating that a higher preoperative
WBC and p-leukopenia significantly correlate with
OS in resectable gastric cancer treated with adjuvant
chemotherapy. This unique finding, if validated in
a large-scale prospective study, could help decision
making for the treatment of resectable gastric cancer
patients.

2
3

4

5

COMMENTS
COMMENTS
Background

6

Elevated leukocyte count preoperatively predicts poor outcomes or recurrence
in several cancers, while leukopenia in cancer patients is usually seen during
the course of chemotherapy, and arises in association with thrombocytopenia
and anemia as a consequence of bone marrow suppression. However it is
noted that a subset of gastric cancer patients who underwent gastrectomy
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leukopenia after surgery, but before any adjuvant treatment. Most of these
patients had no infection or disease of the hematopoietic system to explain this
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The authors therefore carried out a retrospective analysis to investigate
the preoperative and postoperative leukocyte counts, and to assess their
relationship with clinicopathologic characteristics and their potential prognostic
value.
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leukocytosis and postoperative leukopenia significantly correlated with overall
survival in resectable gastric cancer treated with adjuvant chemotherapy.
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Abstract
AIM: To identify the possible predictors of early
complications after the initial intervention in acute
necrotizing pancreatitis.

Institutional review board statement: The study was reviewed
and approved by the West China Hospital of Sichuan University
Institutional Review Board.

METHODS: We collected the medical records of
334 patients with acute necrotizing pancreatitis who
received initial intervention in our center. Complications
associated with predictors were analyzed.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

RESULTS: The postoperative mortality rate was 16%
(53/334). Up to 31% of patients were successfully
treated with percutaneous catheter drainage alone.
The rates of intra-abdominal bleeding, colonic fistula,
and progressive infection were 15% (50/334),
20% (68/334), and 26% (87/334), respectively.
Multivariate analysis indicated that Marshall score
upon admission, multiple organ failure, preoperative
respiratory infection, and sepsis were the predictors
of postoperative progressive infection (p < 0.05).
Single organ failure, systemic inflammatory response
syndrome upon admission, and C-reactive protein level
upon admission were the risk factors of postoperative
colonic fistula (p < 0.05). Moreover, preoperative
Marshall score, organ failure, sepsis, and preoperative
systemic inflammatory response syndrome were the
risk factors of postoperative intra-abdominal bleeding (p
< 0.05).
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CONCLUSION: Marshall score, organ failures, pre
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systemic inflammatory response syndrome, and
C-reactive protein level upon admission are associated
with postoperative complications.
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Approximately 18% to 100% of patients survived by
minimally invasive treatment alone, with a complication
rate of 0% to 17% and overall mortality rate of 0% to
34%, indicating that minimally invasive approach is safe
[17,18]
and feasible
. However, many trials were limited to a
small number of patients.
Early complications after the intervention include
intra-abdominal bleeding, colonic fistula (CF), and
progressive infection, which may require subsequent
intervention. Most reports used complication rate as
[6,18]
an index for a successful management protocol
;
however, few studies focused on the primary causes
[13]
of these intractable complications. Babu et al
found
that the increased APACHE Ⅱ score prior to the first
PCD, the onset of organ failure in the first week of AP
attack, and the failure of sepsis reversal within a week
of PCD were the indicators of surgery for progressive
infection. To our knowledge, no previous studies have
focused on the predictors of intra-abdominal bleeding
and CF after surgery.
In this study, we investigated the incidence, mana
gement and outcome of intra-abdominal bleeding, CF,
and progressive infection, and mainly analyzed the
possible predictors of early complications after the initial
intervention in acute necrotizing pancreatitis.

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

Core tip: Intra-abdominal bleeding, colonic fistula,
and progressive infection are the three major early
post-procedural complications in patients with acute
necrotizing pancreatitis regardless of the selected
approach. Possible predictors, accurate diagnosis,
and appropriate management methods are beneficial
to decrease the mortality rate and convalescence,
as well as promote the life quality of patients with
acute pancreatitis. In this study, Marshall score,
organ failures, preoperative respiratory infection,
sepsis, preoperative systemic inflammatory response
syndrome, and C-reactive protein level upon admission
are associated with post-procedural complications.
Proper and gentle intervention process, and close
monitoring and evaluation of patients who are prone to
suffer from postoperative complications may increase
the therapeutic efficiency.
Wei AL, Guo Q, Wang MJ, Hu WM, Zhang ZD. Early
complications after interventions in patients with acute
pancreatitis. World J Gastroenterol 2016; 22(9): 2828-2836
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i9/2828.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i9.2828

MATERIALS AND METHODS
Patient and design

Patients diagnosed with necrotizing AP in West China
Hospital from January 2009 to December 2013 were
included in this study. These patients had under
gone surgical intervention (percutaneous catheter
drainage, minimally invasive necrosectomy, or open
necrosectomy). Data were recorded from admission
until discharge. Infected pancreatic necrosis was
confirmed by positive culture obtained from either PCD
or specimen during surgery. Gas bubble signs in the
retroperitoneal space as revealed by CECT were also
ascribed to infection.

INTRODUCTION
Acute pancreatitis (AP) presents a high mortality
rate of up to 30% and is one of the most common
diseases requiring multidisciplinary management. In
the United States and in other pancreatitis centers
worldwide, billions of dollars are spent annually for this
[1]
life-threatening disease . With increased knowledge
on AP and ICU management, guidelines were recently
[2]
revised in different countries . Stratifying the severity
of AP is necessary to identify AP patients requiring
intervention. Organ failure and infected necrosis are
[3]
important criteria to evaluate the severity of AP . The
revised Atlanta classification unequivocally defined
severe AP as persistent organ failure (> 48 h). In
our center, we also found that organ failure, and not
infection, primarily causes mortality in patients with
[4]
necrotizing pancreatitis . The peri-pancreatic fluid
collection, especially that with necrosis, is easily infected
because of the transmural migration of bacteria from
[5]
the intestinal wall . Infection or suspended infection
usually indicates the need for intervention. Endoscopic
[6-10]
[11]
necrosectomy
, laparoscopic necrosectomy ,
[12-15]
percutaneous catheter drainage (PCD)
, and minimal
[16]
access retroperitoneal pancreatic necrosectomy
are consistently studied in intervention research.
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Management protocol and data collection

APACHE- Ⅱ score, modified Marshall score, and
organ failure including respiratory failure, circulatory
failure, and renal failure (definitions are shown in
Table 1) were evaluated upon admission, a week
after the attack of the disease and before operation,
respectively. Persistent organ failure is considered
when organ failures cannot be reversed within 48 h.
Ventilation and continuous renal replacement therapy
(CRRT) were administered to patients with respiratory
failure and renal failure, respectively, as necessary.
Citric acid was employed as anticoagulant in CRRT
when no contraindications were identified. CTSI was
recorded before surgery.
We observed the possible onset of early compli
cations in each patient after the first intervention. The
complications are presented in Table 1. If PCD failed,
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Table 1 Definitions
Systemic inflammatory
response syndrome
Renal failure
Circulatory failure
Respiratory failure
Multiple organ failure
Preoperative respiratory
infection
Colonic fistula
Progressive infection
Intra-abdominal bleeding
Respiratory infection
Postoperative sepsis

Occurrence of 2 or more of the followings for > 48 h: pulse > 90 beats/min; rectal temperature < 36 ℃ or > 38 ℃; white
blood cell count < 4000 or > 12000/mL; and respirations > 20/min or pCO2 < 32 mmHg
Creatinine level > 177 μmol/L (2 mg/dL) after rehydration or hemofiltration or hemodialysis
Systolic blood pressure < 90 mmHg despite adequate fluid resuscitation
PaO2 60 mmHg or less despite FiO2 of 0.30, or need for mechanical ventilation
Two or more organs failed
Positive sputum culture with or without clinical symptoms
Discharge of large-bowel contents from a drain or a drain site or from the surgical wound
Simmering infection in which the patient has intermittent low-grade fever, with or without leukocytosis and imaging
showing incomplete resolution of the necrosis, which may not be accompanied by purulent discharge from the drains
New fresh blood coming from drainage or wound and blood loss more than 500 mL in 24 h
New positive microbiological results of sputum culture after surgery with or without clinical symptoms
New positive blood culture/aspirate and more than one of the following clinical signs: rectal temperature < 36 ℃ or >
38 ℃, tachycardia > 90/min, tachypnea (respiratory rate > 20/min) or hyperventilation (paCO2 < 4.3 kPa), white blood
cell count < 4 × 109/L or > 12 × 109/L, or the presence of more than 10% immature neutrophils

the patients received minimally invasive necrosectomy
or open necrosectomy. The following factors were
considered as the possible predictors of the occurrence
of CF: sex, age, BMI, time from onset of symptoms to
surgery, CRP, preoperative systemic disorders (e.g.,
hypocalcemia, hypoproteinemia, acidosis, base deficit),
APACHE-Ⅱ score, Marshall score, organ failures,
morphological assessments based on CECT before
surgery (e.g., percentage of pancreatic necrosis, gas
bubble signs), preoperative CTSI, ASA classification,
operation approaches, length of operation, blood
transfusion volume, and infected pancreatic necrosis.
Additional administration of CRRT was considered one
of the possible predictors of intra-abdominal bleeding
after necrosectomy, besides the predictors presented
previously. Preoperative sepsis and respiratory infection
and systemic inflammatory response syndrome (SIRS)
upon admission and that before operation were also
considered possible risk factors for postoperative
progressive infection.
When postoperative intra-abdominal bleeding
occurred, radiologic embolization procedure or
laparotomy was performed to stop the bleeding.
Ileostomy was performed when CF occurred. Another
necrosectomy was subsequently performed in patients
with intractable progressive infection.

RESULTS
Patient characteristics

A total of 334 patients with acute necrotizing pan
creatitis received initial intervention in our center
from January 2009 to December 2013. Among these
patients, 50 underwent minimally invasive retrope
ritoneal necrosectomy (three of them underwent
laparoscopic debridement), and 102 underwent initial
PCD management. And the other 182 patients received
open necrosectomy. Table 2 presents the detailed
characteristics of the patients. The postoperative
mortality rate was 16% (53/334), whereas the rates of
early complications, including intra-abdominal bleeding,
CF, and progressive infection, were 15% (50/334), 20%
(68/334), and 26% (87/334), respectively. Among
the 53 death cases, 19 (36%) patients died because
of multiple organ failure, 5 (9%) of them died of
hemorrhagic shock and other 29 (55%) patients died of
septic shock. Among the patients with intra-abdominal
bleeding, 10 received radiologic intervention, 5 received
hemostasis by compression through the incision on
the loin with gauze bandage, and 35 patients received
another laparotomy. Other complications included
postoperative sepsis (13%), respiratory infection
(12%), ileus (4%), alimentary tract hemorrhage (4%),
intestinal leakage (4%), and incisional infection (9%).
Two patients with postoperative ileus suffered from
enterolysis.

Statistical analysis

Complication and mortality rates were the major
outcomes of this study. Data are presented as median
(range). Multivariate analysis results of the different
predictors of postoperative intra-abdominal bleeding,
CF, and progressive infection were presented as 95%
confidence interval (CI) and odds ratio (OR); and t
test was employed to analyze the normally distributed
ordinal data. Nonparametric test such as rank test
was used for ordinal data without normal distribution.
χ 2 test was used to compare categorical variables.
Two-sided P value < 0.05 was considered statistically
significant.

WJG|www.wjgnet.com

Severity of acute pancreatitis

To date, organ failure and infection are the two main
indexes to evaluate the prognosis of acute necrotizing
pancreatitis. The median (range) Marshall score upon
admission and preoperation score were 2(0-12) and
2(0-12), respectively. The median APACHE-Ⅱ score
upon admission was 8. As shown in Table 2, 201
(60%) patients suffered from organ failures, and 117
of them presented single organ failure. The onset of
single or multiple organ failures during the first week
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Whole hospital stay (d)
Intra-abdominal hemorrhage
Colonic fistula
Progressive infection

Table 2 Characteristics and outcomes of patients with
necrosectomy n (%)
Characteristics

Outcomes

Demographics
Age (yr)
46 (21-74)
Male sex
220 (66)
BMI (kg/m2)
28 (19-35)
Etiology
Biliary
167 (50)
Alcoholic
43 (13)
Others
124 (37)
Onset of symptoms to first intervention
< 2 wk
58 (17)
2-4 wk
124 (37)
> 4 wk
152 (46)
Severity of disease
APACHE-II score at admission
8 (2-32)
Marshall score at admission
2 (0-12)
Preoperative Marshall score
2 (0-12)
SIRS at admission
157 (47)
SIRS before operation
177 (53)
Organ failure, n
Single organ failure at any time before surgery
117 (35)
Single organ failure started at first week
71/117
Persistent organ failure
101/117
MOF at any time before surgery
84 (25)
MOF started at first week
46/84
Persistent MOF
70/84
Laboratory parameters
CRP at admission (mg/L)
200 (17-535)
CRP before surgery (mg/L)
151 (8-478)
Preoperative acidosis pH < 7.2
67 (20)
Preoperative basic deficit > 5 mEq/L
120 (36)
Preoperative hypocalcemia (calcium level < 1.87 mmol/L)
148 (44)
Preoperative hypoproteinemia (albumin level < 30 g/L )
171 (51)
Morphological criteria on CECT
Pancreatic necrosis
285 (85)
Extrapancreatic necrosis only
49 (15)
Percentage of necrosis, n
< 30%
161/285
30%-50%
75/285
> 50%
49/285
CTSI before surgery
8(4-10)
Gas bubble signs in the retroperitoneal space
69 (21)
Microbiological data, n
Infected pancreatic necrosis
214 (64)
Escherichia coli
77/214
Enterococcus
64/214
Klebsiella
13/214
Baumanii
19/214
Other bacillus
15/214
Fungal infection
15/214
Staphylococcus
9/214
Pseudomonas aeruginosa
2/214
Preoperative sepsis
107 (32)
Operation data
Type of surgery
PCD
102 (31)
Minimally invasive necrosectomy
50 (16)
Open necrosectomy
182 (53)
ASA classification
88 (26)
Ⅰ
168 (50)
Ⅱ
78 (24)
Ⅲ
Operation time, min
138 (20-360)
Blood transfusion during operation
91 (27)
Blood transfusion on the first day after surgery
79 (23)
Postoperative data
Mortality
53 (16)
Postoperative ICU stay (d)
11 (0-170)
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53 (5-220)
50 (15)
68 (20)
87 (26)

BMI: Body mass index, calculated as weight in kilograms divided by
height in meters squared; APACHE: Acute physiology and chronic health
examination; ICU: Intensive care unit; CRP: C-reactive protein; MOF:
Multiple organ failure; CECT: Contrast-enhanced computed tomography;
CTSI: Computed tomography severity index; SIRS: Systemic inflammatory
response syndrome; PCD: Percutaneous catheter drainage.

of the disease was observed in 17 out of 201 patients.
Up to 171 out of the 201 patients showed persistent
organ failures (either single or multiple). SIRS, which
was considered as an initial reaction to inflammation
but eventually causing organ failure and death, was
observed in 157 patients upon admission and in 177
patients before intervention.
The CRP levels at admission and preoperation
were 200 and 151 mg/L, respectively. Systemic
disorders were observed, including severe metabolic
disturbance (hypocalcemia), as well as severe acid and
base disturbance. Approximately 20% of the patients
experienced preoperative acidosis, and 36% suffered
from base deficit of about 5 mEq/L before intervention.
In addition, 148 of 334 (44%) patients suffered from
hypocalcemia, whereas 171 of 334 (51%) patients had
hypoprotenemia.
The legible presentation of CECT can help us to
evaluate the extent of the collections and the rates of
peri-pancreatic and pancreatic necrosis. Gas bubble
signs in the retroperitoneum may prompt infection.
Median CTSI was 8 (4-10). A total of 285 out of
334 (85%) patients had pancreatic necrosis; out of
these 285 patients, 161 had < 30% necrosis, 75 had
necrosis ranging from 30% to 50%, and 49 had >
50% necrosis. The remaining 49 out of 334 patients
showed extra pancreatic necrosis alone.
The onset of infection indicates the need for
intervention, especially when the medical management
failed. We collected the fluid around the pancreas
during PCD or during the operation and sent the
specimens for microbiological analysis. A total of
214 out of 334 (64%) patients were confirmed to
suffer from infected pancreatic necrosis; the relative
abundance of bacteria is shown in Table 2. Escherichia
coli, Enterococcus, and Bacillus were the most
common bacteria in this study, constituting about 88%
of the total bacterial population. Increasing cases of
fungal infection (15/214) suggested that we should be
cautious when using antibiotics, especially for extended
periods. Up to 32% of the patients had sepsis before
necrosectomy.
Reversal from PCD alone was observed in 31% of
the patients. ASA classification of patients is presented
in Table 2. The median operation time was 138 min (20
- 360 min). A total of 91 (27%) and 79 (23%) patients
had blood transfusion during operation and on the first
day of surgery, respectively.
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Table 3 Factors predicting progressive sepsis
P 1 value

Factors
Onset of symptoms to the first
intervention
< 2 wk
2-4 wk
> 4 wk
APACHE-Ⅱ score at admission
Marshall score at admission
Preoperative Marshall score
SIRS at admission
Preoperative SIRS
Single organ failure at any time
before surgery
MOF at any time before surgery
CRP at admission
CRP before surgery
Morphological criteria on CECT
Pancreatic necrosis
Extrapancreatic necrosis
Percentage of necrosis
< 30%
30%-50%
> 50%
Gas bubble signs
CTSI before surgery
Infected pancreatic necrosis
Sepsis before surgery
Preoperative respiratory infection
Operation type

0.093
0.938
0.176
0.150
0.015
0.042
0.076
0.001
0.510
0.041
0.600
0.172

Odd ratio
(lower-upper)

Table 4 Factors predicting colonic fistula
P 2 value

1.723 (1.526-2.995)
0.885 (0.607-1.290)

0.046
0.524

0.644 (0.210-1.976)

0.442

2.031 (3.410-10.054)

0.038

Factors
Onset of symptoms to
surgery
< 2 wk
2-4 wk
> 4 wk
APACHE-Ⅱ score at
admission
Marshall score at
admission
Preoperative Marshall
score
SIRS at admission
Preoperative SIRS
Single organ failure at
any time before surgery
MOF at any time before
surgery
CRP level at admission
CRP level before surgery
Hypoproteinemia before
surgery
Pancreatic necrosis
Extrapancreatic necrosis
only
Percentage of necrosis
< 30%
30%-50%
> 50%
CTSI before surgery
Gas bubble signs
Infected pancreatic
necrosis
Preoperative Sepsis
Preoperative respiratory
infection
Preoperative ICU stay
Type of surgery

0.157
0.157
0.157
0.526
0.245
0.351
0.030
1.063 (0.811-1.393)
0.274
0.0001 11.165 (5.384-23.153)
0.0001 4.304 (2.085-8.884)
0.082

0.66
0.0001
0.0001

P1 indicated two-sided P value of univariate analysis; P2 indicated twosided P value of multivariate analysis. APACHE: Acute physiology and
chronic health examination; ICU: Intensive care unit; CRP: C-reactive
protein; MOF: Multiple organ failure; CECT: Contrast-enhanced computed
tomography; CTSI: Computed tomography severity index; SIRS: Systemic
inflammatory response syndrome.

Predictors of complications

Odd ratio
(lower-upper)

P 2 value

0.432
0.945
0.595
0.005

0.955 (0.837-1.090)

0.497

0.007

0.849 (0.582-1.239)

0.397

0.019

1.045 (0.733-1.491)

0.807

0.0001
0.015
0.001

2.927 (1.102-7.776)
0.554 (0.170-1.806)
6.289 (1.652-23.948)

0.031
0.327
0.007

1.005 (1.001-1.009)
1.003 (0.998-1.008)
1.564 (0.750-3.265)

0.010
0.321
0.233

2.150 (0.933-4.955)

0.321

1.016 (0.973-1.060)

0.472

0.222
0.001
0.0001
0.0001
0.708
0.708

0.829
0.738
0.762
0.249
0.047
0.506
0.519
0.179
0.014
0.328

P1 indicated two-sided P value of univariate analysis; P2 indicated twosided P value of multivariate analysis. APACHE: Acute physiology and
chronic health examination; ICU: Intensive care unit; CRP: C-reactive
protein; MOF: Multiple organ failure; CECT: Contrast-enhanced computed
tomography; CTSI: Computed tomography severity index; SIRS: Systemic
inflammatory response syndrome; PCD: Percutaneous catheter drainage.

The median Marshall scores at admission (p = 0.015)
and pre-operation (p = 0.042) were higher in the
progressive infection group than in the infection-free
group, as indicated by univariate analysis (Table 3).
In addition, no significant differences of APACHE Ⅱ
score between the two groups were observed. MOF at
any period before surgery was observed in 24 patients
in the progressive infection group and 46 patients
in the infection-free group (p = 0.041). Patients
with postoperative progressive infection showed
increased CTSI (p = 0.03). Increased incidences of
respiratory infection and sepsis (p < 0.0001), as well
as preoperative SIRS (p = 0.001), were observed
in patients with progressive infection. Multivariate
analysis revealed that Marshall score upon admission
(OR = 1.723,95%CI: 1.526-2.995, p = 0.046), MOF
at any time before surgery (OR = 2.031,95%CI:
3.410-10.054, p = 0.038), preoperative respiratory
infection (OR = 4.304,95%CI: 2.085-8.884, p <
0.0001), and sepsis before surgery (OR = 11.165,
95%CI: 5.384-23.153, p < 0.0001) were the predi
ctors of postoperative progressive infection.
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P 1 value

We compared the parameters that can potentially
predict CF in patients with acute necrotizing pan
creatitis (Table 4). The median APACHE Ⅱ score
upon admission (p = 0.005) and Marshall scores at
admission (p = 0.007) and pre-operation (0.019) were
higher in the CF group. CF patients showed higher CRP
levels both at admission and before operation. Thirtyfive of 68 patients with postoperative CF had single
organ failure, whereas 82 of 266 patients in the non-CF
group had single organ failure (p = 0.001). However,
no significant difference in the frequency of MOFs was
observed between the two groups. The incidences of
SIRS at admission and pre-operation were higher in
CF patients (p < 0.05). Moreover, CECT revealed no
significant difference in necrosis between the groups,
except that more patients in the CF group showed gas
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The incidences of sepsis and SIRS at admission and
before operation were significantly higher in the
bleeding group than in the non-bleeding group. CRRT
was administered in more patients of the bleeding
group to temporarily replace renal function (p =
0.01). Multivariate analysis revealed that preoperative
Marshall score (OR = 1.560, 95%CI: 1.003-2.426,
p = 0.048), single organ failure at any time before
surgery (OR = 5.287, 95%CI: 1.524-7.369, p =
0.031), MOF at any time before surgery (OR = 4.327,
95%CI: 1.325-6.548, p = 0.041), preoperative sepsis
(OR = 1.227, 95%CI: 1.089-1.578, p = 0.002), and
preoperative SIRS (OR = 1.294, 95%CI: 1.086-2.002,
p = 0.050) were the risk factors of postoperative intraabdominal bleeding.

Table 5 Factors predicting intra-abdominal hemorrhage
P 1 value

Factors
APACHE-Ⅱ score at
admission
Marshall score at admission
Preoperative Marshall score
SIRS at admission
Preoperative SIRS
Single organ failure at any
time before surgery
MOF at any time before
surgery
CRP before surgery
Base deficit before surgery,
> 5 mEq/L
Hypoproteinemia before
surgery
Hypocalcemia before
surgery
Acidosis at admission
pH < 7.2
Pancreatic necrosis
< 30%
30%-50%
> 50%
Extra-pancreatic necrosis
only
Gas bubble signs
CTSI before surgery
Operation time
Blood transfusion during
operation
Blood transfusion on the
first day after surgery
Pancreatic infection
Preoperative sepsis
Preoperative respiratory
infection
Preoperative ICU stay
CRRT
Type of surgery

Odd ratio
(lower-upper)

P 2 value

0.0001
0.0001
0.001
0.0001
0.0001

0.882 (0.626-1.243)
1.560 (1.003-2.426)
0.774 (0.274-2.185)
1.294 (1.086-2.002)
5.287 (1.524-7.369)

0.474
0.048
0.628
0.050
0.031

0.003

4.327 (1.325-6.548)

0.041

1.576 (0.723-3.438)

0.253

0.004

0.273
0.741
0.854
0.006

DISCUSSION
Intra-abdominal bleeding, CF, and progressive
infection are the three major early-postoperative
complications in patients with acute necrotizing pan
creatitis. In the past few decades, interventions
mainly comprise open necrosectomy and minimally
invasive necrosectomy. Step-up approach has been
established as a management regimen of the disease.
By using this method, approximately 40%-50%
(severe) of pancreatitis patients showed reversal from
PCD alone, and the mortality and complication rates
[13,14,18]
decreased
. However, most studies mainly focused
on the reversal and mortality rates by this method.
Few studies reported about the pathophysiology and
predictors of complications. We initially thought that the
different interventions might influence the complication
rate because either open necrosectomy or minimally
invasive debridement via lumbar incision exposes
the organs or vessels of the abdomen. However, the
current results indicated that no significant differences
in the rate of complication arising from the conduct
of the different interventions were observed between
the complication and non-complication groups. To
our knowledge, this study is the first to investigate
the predictors of early AP complications after initial
intervention.
SIRS, a sterile response without sepsis or infection,
is a systemic action of cytokines released from
damaged pancreatic cells during the first week up
to the second week from attack. If SIRS is severe,
MOF triggered by these inflammatory mediators
[19]
occurs . During the latter phase, patients are at risk
for infections because of intestinal flora translocation.
Sepsis is a SIRS associated with bacterial infection
occurring at late onset of MOF. Thus, we compared
some indexes of severity of pancreatitis, including
[20]
organ failures (single or multiple) , Marshall score,
SIRS, and sepsis. We found that all these predictors
were associated with an increased incidence of
postoperative intra-abdominal bleeding; multivariate
analysis confirmed that high preoperative Marshall
score, organ failures (either single or multiple) at any

0.693
0.148
0.724
0.346
0.923
0.148
0.901
0.053
0.218
0.635
0.472
0.140
0.048
0.240

1.227 (1.089-1.578)

0.002

0.055
0.010
0.245

0.810 (0.353-1.861)

0.620

P1 indicated two-sided P value of univariate analysis; P2 indicated twosided P value of multivariate analysis. APACHE: Acute physiology and
chronic health examination; ICU: Intensive care unit; CRP: C-reactive
protein; MOF: Multiple organ failure; CECT: Contrast-enhanced computed
tomography; CTSI: Computed tomography severity index; SIRS: Systemic
inflammatory response syndrome; CRRT: Continuous renal replacement
therapy; PCD: Percutaneous catheter drainage.

bubble signs in the retroperitoneal space (p = 0.047).
Multivariate analysis revealed that single organ failure
at any time before surgery (OR = 6.289, 95%CI:
1.652-23.948, p = 0.007), SIRS at admission (OR =
2.927, 95%CI: 1.102-7.776, p = 0.031), and CRP
level at admission (OR = 1.005, 95%CI: 1.001-1.009,
p = 0.010) were the risk factors of postoperative CF.
As shown in Table 5, the median Marshall scores
upon admission and before operation were higher
in the bleeding group than in the non-bleeding
group (p < 0.0001). Significant differences in the
incidence of single organ failure and MOFs (p < 0.05)
were observed. The incidence of hypocalcemia was
significantly higher in the bleeding group (p = 0.006).
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time before surgery, sepsis, and preoperative SIRS
contributed to postoperative intra-abdominal bleeding.
The main possible explanation is that bleeding is
uncontrolled when patients have shock or disseminated
intravascular coagulation (DIC). In addition, direct
erosion of the vessels, primarily the splenic artery,
may cause postoperative intra-abdominal bleeding
[21]
during the course of AP . We also found that CRRT
was administered in 30% of the bleeding group
compared with 11% of the non-bleeding group. Citric
acid was used as anticoagulant. Thus, patients were in
the easy-to-bleed condition. However, receiving CRRT
was not among the predictors based on the results of
multivariate analysis in this study.
Colonic leakage or fistula is one of the threatening
postoperative complications with severe abdominal
and wound infection. Studies reported that the
incidence of colonic complications in acute necrotizing
pancreatitis is 10% to 44%, and most of these occur
[22-25]
in the transverse colon
. Necrosis, fistula, and
stricture are the main forms of colonic complications
resulting from pancreatitis. The reasons of CF possibly
include pancreatic fluid erosion, vascular complications
(embolism or embolus), and intervention-related drain
erosion. In our study, 68 patients suffered from colonic
complications, 29 of which had drain erosion. Tubes
were withdrawn from the 29 patients, and five of them
naturally recovered, whereas the 24 other patients
[26]
received ileostomy. Higher CRP level
and higher
incidence of gas bubble signs as revealed by CECT
indicated that patients with CF may have suffered
from severe infections before surgery. Compared with
the non-CF group, patients with postoperative CF had
a higher incidence of organ failure (51% vs 31%),
and SIRS upon admission (68% vs 42%) and before
operation (66% vs 50%). Embolism might cause
colon ischemia and necrosis when inflammation and
coagulation disorder occurred in patients. Leak and
fistula might form because of edema and fragile colon
wall in patients with hypoproteinemia (72% vs 46%).
In this situation, drainage tubes easily invaded the
colon wall.
Progressive infection after intervention was
also a challenge to surgeons because the onset of
progressive infection requires subsequent surgical
necrosectomy. Recent prospective clinical trials on
sepsis reversal through the step-up approach aimed to
reduce the progressive infection rate and reoperation
rate. However, reversal from PCD alone is still not
achieved in 50% of the patients, thus requiring
subsequent necrosectomy. Few reports on predicting
the success rate of PCD based on the risk factors exist,
[13]
[14]
except that of Babu et al ’s and Hollemans et al ’s
[14]
teams. Hollemans et al
reported that patients with
characteristics such as male gender, MOF, increasing
percentage of necrosis, and heterogeneous collection
on CT, were related to the poor success rate of PCD.
Similarly, we found that preoperative MOF patients had
a risk of progressive infection. In addition, we found

WJG|www.wjgnet.com

that Marshall score upon admission, preoperative
respiratory failure, and sepsis before intervention were
the predictors of progressive infection after the initial
intervention. In some instances, untreated respiratory
infection or sepsis results in pancreatic infection.
We deduced that in some cases, the bacteria from
the peri-pancreatic fluid after the intervention were
the same as the bacteria found in sputum culture
(Klebsiella) or blood culture but different from the
intestinal translocation bacteria such as Enterococcus.
Thus, to avoid progressive infection after intervention,
respiratory infection and sepsis before intervention
should be controlled.
This research had a number of limitations. First,
the retrospective nature of this study may have led
to a potential bias in data collection, especially with
the very large sample size. Second, we were not able
to complete all the values of procalcitonin and IL-6,
which were important to evaluate the prognosis of AP,
because procalcitonin and IL-6 tests were not routinely
performed for the past several years. In addition,
some patients had more than one complication. For
patients who had two or more complications, all the
predicting factors were inhibited at the time of first
occurrence of complication. The interaction of two
complications or the intervention we performed to
treat the complications was not considered in the
analysis, although few patients had this condition.
In summary, the possible predictors, accurate
diagnosis, and appropriate management methods
are beneficial to decrease the mortality rate and
convalescence, as well as promote the life quality of
acute pancreatitis patients. High preoperative Marshall
score, organ failures (single or multiple) at any
time before surgery, sepsis, and preoperative SIRS
are associated with postoperative intra-abdominal
bleeding. Single organ failure, SIRS upon admission,
and CRP level upon admission may possibly indicate
the occurrence of CF. Marshall score upon admission,
preoperative respiratory failure, and sepsis were the
predictors of progressive infection after the initial
intervention. Proper and gentle intervention process,
close monitoring, and evaluation of patients prone to
suffer from postoperative complications may increase
the therapeutic efficiency.
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Abstract
AIM: To detect the expression of sal-like protein 4
(SALL4) and to explore its relationship with clinicopatho
logical characteristics and prognosis of hepatocellular
carcinoma (HCC).

Institutional review board statement: This study was
reviewed and approved by the Institutional Review Board of
the Fourth Hospital of Hebei Medical University, Shijiazhuang,
China.

METHODS: One hundred and twenty-six samples
of HCC tissue, 44 of adjacent noncancerous cirrhotic
tissue and 10 of liver hemangioma tissue, were
obtained from patients who underwent hepatectomy
for HCC at the Fourth Hospital of Hebei Medical
University. None of the patients had received any form
of treatment before the operation. After resection, all
the tissues were fixed in 10% neutral formaldehyde
and embedded in paraffin. Expression of SALL4 was
detected by immunohistochemistry. Patients were
followed up for postoperative survival until February
2014. The relationships between SALL4 expression
level and clinicopathological data and prognosis of HCC
were analyzed.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: The authors declare that there is
no conflict of interest related to this study.
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
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: SALL4 expression was negative in the 10
samples of tissue from liver hemangioma, was weakly
positive in the two samples from adjacent noncancerous
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rapid development of genetics and molecular biology,
researchers have begun to explore the pathogenesis of
HCC at the molecular genetic level.
The occurrence of HCC is relevant to a variety of
signaling pathways, including the Notch, Wnt, mitogenactivated protein kinase (MAPK), and hedgehog
[1-4]
signaling pathways . Sal-like protein 4 (SALL4) is a
newly discovered proto-oncogene that is expressed
in embryonic stem cells and liver stem cells but is not
expressed in normal adult liver cells. Recent studies
have found that expression of SALL4 can be detected
in HCC specimens.
SALL4 is located on human chromosome 20q13
and is a zinc finger transcription factor that includes
two subtypes: SALL4A and SALL4B. Mutation of SALL4
causes Okihiro syndrome and familial IVIC syndrome,
which are autosomal dominant genetic diseases that
[5,6]
manifest as multiple organ dysfunction . SALL4 is
highly expressed in embryonic stem cells and plays an
important role in early embryogenesis, organogenesis,
embryonic stem cell proliferation, and maintenance
of pluripotency, interacting with octamer-binding
transcription factor 4 (OCT4), SRY-box containing
[7-9]
gene 2 (SOX2), and NANOG . SALL4 is expressed
in normal hematopoietic stem cells, and its expression
decreases gradually with cell differentiation and
maturation. High expression levels of SALL4 are
related to certain hematopoietic malignancies and
[10]
can lead to acute leukemia in transgenic mice . In
addition, acute and chronic myeloid leukemia, along
with acute lymphocytic leukemia, is also associated
[11]
with high levels of SALL4 expression , which suggests
[12]
that SALL4 is a key regulator of leukemic cells .
SALL4 is expressed as an oncogene in a variety of
tumors, including germ cell tumors, breast cancer,
[13-15]
and α-fetoprotein (AFP)-producing gastric cancer
,
which indicates that SALL4 may be involved in the
[16]
development of tumors . Recent studies have found
that SALL4 is actively expressed in HCC with stem
cell characteristics and plays an important role in
predicting the prognosis of HCC patients. Therefore,
further studies of SALL4 may provide new therapeutic
targets for HCC patients.

cirrhotic tissue, and positive in 58 samples of HCC
tissues. The differences were statistically significant (P
< 0.05). Expression of SALL4 was higher in patients
with higher α-fetoprotein (AFP) levels, portal vein
tumor thrombus, and later clinical stage based on the
Barcelona Clinic Liver Cancer classification (P < 0.05).
Among patients with negative expression, weakly
positive expression, positive expression, and strongly
positive expression of SALL4, the median survival time
was 39, 25, 23, and 9 mo, respectively (P < 0.001).
When both AFP and SALL4 were detected, patients who
were negative for both AFP and SALL4, SALL4-positive
only, AFP-positive only, and positive for both AFP and
SALL4, had a median survival time of 41, 38, 31, and
12 mo, respectively (P < 0.001).
CONCLUSION: Expression of SALL4 is relevant to
the prognosis of HCC patients. Patients with higher
expression levels of SALL4 and AFP have worse
prognosis.
Key words: Sal-like protein 4; Hepatocellular carcinoma;
Survival analysis; α-Fetoprotein; Prognosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Sal-like protein 4 (SALL4) is expressed
as an oncogene in a variety of tumors, including
germ cell tumors, breast cancer, and α-fetoprotein
(AFP)-producing gastric cancer. However, there are
few reports about the association between SALL4
expression and hepatocellular carcinoma (HCC). In this
study, we found that SALL4 was actively expressed
in HCC cells with stem cell characteristics and played
an important role in predicting the prognosis of HCC
patients. In addition, joint detection of SALL4 and
AFP may have a more profound significance for the
prognosis of HCC patients.
Yin F, Han X, Yao SK, Wang XL, Yang HC. Importance of
SALL4 in the development and prognosis of hepatocellular
carcinoma. World J Gastroenterol 2016; 22(9): 2837-2843
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i9/2837.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i9.2837

MATERIALS AND METHODS
Clinical HCC specimens

One hundred and twenty-six specimens of HCC tissues,
44 adjacent noncancerous cirrhotic hepatic tissues,
and 10 liver hemangioma tissues were obtained from
patients who underwent hepatectomy for HCC from
May 2008 to December 2010 at the Fourth Hospital
of Hebei Medical University, Shijiazhuang, China.
The patients had not received any treatment before
surgery. The samples were formalin-fixed, paraffinembedded, and subjected to immunohistochemistry.
The clinicopathology of all specimens had already been
established by pathologists.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a primary liver
cancer and accounts for > 90% of cases. As HCC
patients have no specific symptoms in the early stage,
most patients have lost the best opportunity for
treatment (radical surgery) when diagnosed. Effects to
improve the survival rate of HCC patients are limited
by the drug intervention, radiotherapy, chemotherapy,
and molecular targeted therapy. Thus far, the patho
genesis of HCC is still not clear. However, with the
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A

B

C

Figure 1 Expression of sal-like protein 4 in liver tissues. A: Expression of sal-like protein 4 (SALL4) in liver hemangioma tissue (Maxvision, magnification × 200); B:
Expression of SALL4 in adjacent noncancerous cirrhotic tissue (Maxvision, magnification × 400); C: Expression of SALL4 in hepatocellular carcinoma tissue (Maxvision,
magnification × 400).

log-rank test. P < 0.05 was considered statistically
significant.

Table 1 Expression of SALL4 in hepatocellular carcinoma
tissue, non-cancerous cirrhotic tissue, and liver hemangioma
tissue
SALL4

Hemangioma
tissue
(n = 10)

+
++
+++
P value

Adjacent noncancerous
cirrhotic tissue
(n = 44)

10
0
0
0
0.496

42
2
0
0
0

RESULTS

HCC tissue
(n = 126)

Expression sites and form of SALL4

SALL4 was not expressed in liver hemangioma tissues
(Figure 1A), and there was almost no expression in
adjacent noncancerous cirrhotic tissues (Figure 1B).
It was, however, partly expressed in HCC tissues with
light yellow to brownish yellow granules in the nuclei
(Figure 1C).

68
27
21
10
0.009

P value was obtained by non-parametric test. P = 0.496 represents
hemangioma group vs adjacent non-cancerous cirrhotic group; P < 0.001
represents adjacent non-cancerous cirrhotic group vs HCC group; P =
0.009 represents HCC group vs hemangioma group. HCC: Hepatocellular
carcinoma; SALL4: Sal-like protein 4.

Differential expression of SALL4 among experimental
groups

Tests for the expression of SALL4 in 10 liver he
mangioma tissues were all negative. Among the 44
specimens from adjacent noncancerous cirrhotic tissues;
two were weakly positive, and 42 were negative. Among
the 126 HCC tissue specimens; 68 were negative, and
58 were positive. There was no significant difference
in the expression of SALL4 between liver hemangioma
tissues and adjacent noncancerous cirrhotic tissues (P
= 0.496). However, there was a significant difference
between liver hemangioma and HCC tissue (P = 0.009)
and between adjacent noncancerous hepatic tissue and
HCC tissue (P < 0.001) (Table 1).

Follow-up

Patients were followed up by telephone or corres
pondence from the day of surgery to February 2014.
The median follow up period was 23 mo (range from
0 to 70 mo). Among the 126 patients, 40 were alive
and 11 were lost to follow-up. All patients gave their
informed consent to this research.

Immunohistochemistry

After resection, all the tissues were fixed with 10%
neutral formaldehyde and embedded in paraffin.
Immunohistochemistry was performed using Maxvision.
The primary antibody was purchased from Santa Cruz
Biotechnology (Dallas, TX, United States) and used at a
dilution of 1:80.

Relationship between expression of SALL4 in HCC
tissues and clinicopathological characteristics

Expression of SALL4 in HCC tissue was not related to
histological differentiation but was positively correlated
with clinical stage, as it was strongly expressed at a
later clinical stage (P < 0.05). Expression of SALL4 was
also positively correlated with Barcelona Clinic Liver
Cancer (BCLC) classification and strongly expressed
in patients in later BCLC B and C (P < 0.05) (Figure
2A and Table 2). Expression of SALL4 was not related
to sex, age, hepatitis B surface antigen, hepatitis B e
antibody, blood platelets, Child-Pugh score, or tumor
diameter but was positively correlated with AFP, and
SALL4 was strongly expressed in patients with higher

Statistical analysis

The data were analyzed using SPSS version 13.0
software (Chicago, IL, United States). Nonparametric
tests were used to compare the expression levels of
each group, and Spearman correlation was used for
correlation analysis. Survival rate was calculated by
the Kaplan-Meier and Cox Regression method, and
the differences in survival rate were compared by the
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A

Survival functions
Mediately positive
Negative

0.8
Cum survival

Table 2 Relationship between the expression of SALL4 and
clinical characteristics in hepatocellular carcinoma patients

SALL4

1.0

Parameters

Strongly positive

Clinical stages
Ⅰa
Ⅰb
Ⅱa
Ⅱb
Ⅲa
Histological
differentiation
Well
Moderate
Poor
BCLC stages
A
B
C
Sex
Male
Female
Age (yr)
< 50
≥ 50
Tumor diameter (cm)
<3
3-5
5-10
≥ 10
Platelet
(× 109/L)
< 100
100-200
200-300
≥ 300
Vascular invasion
With
Without
HBsAg
Positive
Negative
HBeAb
Positive
Negative
Child-Pugh
Child A
Child B
AFP (μg/L)
<7
7-100
100-400
400-800
800-1210
≥ 1210

Weakly positive

0.6

Mediately positivecensored

0.4

Negative-censored
Strongly positivecensored

0.2

Weakly positivecensored

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

t/mo

B

Survival functions
Group

1.0

AFP(-)/SALL4(-)
AFP(-)/SALL4(+)

Cum survival

0.8

AFP(+)/SALL4(-)
AFP(+)/SALL4(+)

0.6

AFP(-)/SALL4(-)censored

0.4

AFP(-)/SALL4(+)censored
AFP(+)/SALL4(-)censored

0.2

AFP(+)/SALL4(+)censored

0.0
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00

t/mo

C

Survival functions

AFP
< 7 mg/L

1.0

100-400 mg/L
400-800 mg/L

Cum survival

0.8

7-100 mg/L
800-1210 mg/L

0.6

≥ 1210 mg/L
< 7 mg/L-censored
100-400 mg/L-censored

0.4

400-800 mg/L-censored
7-100 mg/L-censored

0.2

800-1210 mg/L-censored
≥ 1210 mg/L-censored

0.0
0.00

10.00

20.00 30.00

40.00

50.00

60.00

t/mo

Figure 2 Survival analysis. A: Survival analysis correlated with expression of
SALL4 in postoperative hepatocellular carcinoma patients; B: Survival analysis
of postoperative hepatocellular carcinoma patients correlated with combinedαfetoprotein level and SALL4 expression; C: Survival analysis of SALL4positive hepatocellular carcinoma patients correlated with α-fetoprotein. AFP:
α-fetoprotein; SALL4: Sal-like protein 4.

P value1

P value2

11/7
17/8
21/13
11/18
8/12

0.034

0.006

9/4
30/23
29/31

0.344

0.069

53/29
3/2
12/27

0.001

0.000

57/50
11/8

0.931

0.932

24/21
44/37

0.918

0.918

6/6
22/12
24/22
16/18

0.176

0.042

9/11
47/32
9/12
3/3

0.231

0.863

11/21
57/37

0.004

0.004

58/51
10/7

0.487

0.490

28/19
40/39

0.359

0.361

67/57
1/1

0.822

0.823

9/7
26/8
10/12
5/4
0/2
18/25

0.013

0.003

1
P value was obtained by non-parametric test; 2P value was obtained by
Spearman correlation. AFP: α-fetoprotein; SALL4: Sal-like protein 4.

AFP levels (P < 0.05). Expression of SALL4 was also
higher in the presence of portal vein tumor thrombosis
(P < 0.05) (Table 2).

displayed a median survival time of 39, 25, 23, and
9 mo, respectively (P < 0.001) (Table 3). In the HCC
group, patients with higher expression levels of SALL4
usually had shorter median survival time and worse
prognosis (Figure 2B). In addition, on multivariable
analysis, the result showed that clinical stages (P =
0.002), histological differentiation (P = 0.003), AFP
(P = 0.046) , and SALL4 (P = 0.029), remained as
significant independent predictors of prognosis of HCC

Prognostic significance of combined detection of AFP
and SALL4

In HCC tissue, expression of SALL4 was correlated
with prognosis of HCC patients. Patients with negative
expression, weak positive expression, positive ex
pression, and strong positive expression of SALL4

WJG|www.wjgnet.com

SALL4 (-/+)

2840

March 7, 2016|Volume 22|Issue 9|

Yin F et al . SALL4 expression in prognosis of HCC
Table 3 Survival time vs SALL4 expression in postoperative
hepatocellular carcinoma patients
SALL4

Died/total

Median survival
time (mo)

32/68
18/27
16/21
9/10

39
25
23
9

+
++
+++

Table 5 Survival time vs combined α-fetoprotein level and
SALL4 expression in postoperative hepatocellular carcinoma
patients

P value
Group

Clinical stages
histological differentiation
BCLC stage
AFP
Tumor size
Vascular invasive
SALL4

Relative risk

95%CI

0.002
0.003
0.876
0.046
0.503
0.531
0.029

1.547
1.823
1.028
1.158
1.133
0.796
1.301

1.169-2.047
1.218-2.728
0.725-1.459
1.002-1.338
0.786-1.635
0.389-1.627
1.028-1.646

41
38
31
12

0.000

Table 6 Survival time vs α-fetoprotein level in SALL4positive postoperative hepatocellular carcinoma patients
AFP (μg/L)
<7
7-100
100-400
400-800
800-1210
≥ 1210

SALL4: Sal-like protein 4; AFP: α-fetoprotein.

patients (Table 4).
There were nine cases in which both AFP and SALL4
were negative with a median survival time of 41 mos.
There were seven cases with positive expression of
SALL4 only, with a median survival time of 38 mo.
There were 59 AFP-positive cases, with a median
survival time of 31 mo. For the 51 cases that were
both AFP and SALL4 positive, the median survival time
was 12 mo. The differences among the groups were
statistically significant (P < 0.001) (Table 5). The group
that was both AFP and SALL4 positive had the worst
prognosis (Figure 2B). When the expression of SALL4
was positive, the number of patients with AFP < 7 μg/L,
7-100 μg/L, 100-400 μg/L, 400-800 μg/L, 800-1210
μg/L, and ≥ 1210 μg/L was seven, eight, 12, four, two,
and 25, respectively, and they had a median survival
time of 30, 26, 14, 10, 24, and 7 mo, respectively.
The differences among the groups were statistically
significant (P = 0.003) (Figure 2C and Table 6). As AFP
level increased, survival time decreased. When the
expression of SALL4 was positive, AFP played a role in
predicting the prognosis of HCC patients.

Cases

Median survival
time (mo)

7
8
12
4
2
25

30
26
14
10
24
7

P value

0.003

AFP: α-fetoprotein.

stem cells and were characterized by a highly invasive
nature and were also resistant to chemotherapy
[17]
and radiotherapy . Some reports showed that
SALL4 is expressed in the nucleus and cytoplasm.
[18]
The immunohistochemical results of Oikawa et al
indicated that SALL4 is expressed in both the nucleus
[17]
and cytoplasm. Zeng et al , who evaluated the
effect of SALL4 overexpression, found little expression
of SALL4 in HuH1 cells. They transfected plasmid
constructs encoding SALL4 (pCMV6-SALL4) and
identified the expression of two isoforms using these
constructs. Evaluation of the subcellular localization of
GFP-tagged SALL4 (pCMV6-SALL4-GFP) showed that
it could be detected in both the cytoplasm and the
nucleus. The overexpression of SALL4 in HuH1 cells
resulted in the activation of spheroid formation and
invasive capacities and upregulated the level of hepatic
stem cell markers cytokeratin (CK)19, epithelial cell
adhesion molecule, and CD44. However, knockdown
of SALL4 with SALL4 short hairpin RNA resulted in a
decrease in spheroid formation capacity and invasive
capacity, which suggests that SALL4 has the potential
to enhance tumor invasiveness.
A recent study suggested that SALL4 forms a nucl
eosome remodeling and deacetylase (NuRD) complex
with histone deacetylases (HDACs) and potentially
[19]
regulates the activity of HDAC . Knockdown of SALL4
decreased HDAC activity, while overexpression of
SALL4 increased the activity of HDAC and enhanced
the chemosensitivity to HDAC inhibitor. That study
also found that the SALL4-NuRD complex had the
same start sites as phosphatase and tensin homolog

DISCUSSION
Some researchers have pointed out that SALL4 is not
expressed in HCC tissues, but is highly expressed in
AFP-producing gastric carcinoma tissues, and this was
used as a method for distinguishing the two types of
[15,16]
tissues
. However, the present study showed that
SALL4 was detectable in HCC tissues. The reason for
the different results is that SALL4 is not expressed in
all HCC tissues. The HCC tissues in which SALL4 was
positively expressed had features in common with

WJG|www.wjgnet.com

9
7
59
51

P value

AFP (-) < 7 μg/L; AFP (+) ≥ 7 μg/L. AFP: α-fetoprotein; SALL4: Sal-like
protein 4.

Table 4 Multivariable analysis results in postoperative
hepatocellular carcinoma patients
P value

Median
survival
time(mo)

AFP (-)/SALL4 (-)
AFP (-)/SALL4 (+)
AFP (+)/SALL4 (-)
AFP (+)/SALL4 (+)

0.000

SALL4: Sal-like protein 4.

Parameters

Cases

2841

March 7, 2016|Volume 22|Issue 9|

Yin F et al . SALL4 expression in prognosis of HCC
protein (PTEN) and, through competitive binding with
the PTEN binding site, the expression of PTEN was
decreased. As a tumor suppressor gene, PTEN plays
an important role in the development of a variety
of tumors, and the PTEN/phosphoinositide 3 kinase
(PI3K)/Akt signaling pathway is closely related to HCC.
[20]
A recent report
described a SALL4 peptide,
containing 12 amino acids, that competitively inhibited
the binding of SALL4-NuRD complex, thereby blocking
the interaction between SALL4 and NuRD. In addition,
SALL4 peptides decreased the viability of HCC cells and
increased expression of PTEN, but had no interaction
with SALL4-negative cells, which suggests that SALL4
peptides have no toxic effect on normal cells. In a
mouse xenograft model, tumor sizes were significantly
smaller in mice that received the SALL4 peptide
compared with mice that did not receive it. These
results suggest that the SALL4 peptide is expected
to be a new breakthrough therapy for SALL4-positive
HCC patients.
It has been reported that SALL4 is not detected in
chronic hepatitis but is faintly detected in bile ductules
and in hepatocytes at the interface of parenchymal
[18]
and stromal cells in liver cirrhosis . Overexpression of
SALL4 results in increased expression of CK19, which
is a specific gene of the bile duct, and knockdown of
SALL4 inhibited expression of CK19. These results
suggest that SALL4 plays an important role in
promoting differentiation of hepatoblasts into bile duct
[21]
cells . The observed expression of SALL4 in bile duct
cells suggests that the hepatoblasts are activated and
differentiated into bile duct cells. In our study, SALL4
expression was detected at weak levels in adjacent
noncancerous cirrhotic tissues, suggesting that cir
rhosis is the early stage of liver cancer.
In this study, we report for the first time the
combined detection of SALL4 and AFP, which enabled
evaluation of the prognosis of HCC patients. Nowadays,
AFP is used as a diagnostic marker. However, the
diagnostic value of AFP is obscured by its low specificity
[22-24]
and high sensitivity
, and some researchers believe
that AFP has no significant prognostic value for HCC
patients. According to our results, joint detection of
SALL4 and AFP allowed for evaluation of the prognostic
value. The results showed that patients who were both
SALL4 and AFP positive had the worst prognosis (Figure
2B and Table 5). Among the SALL4-positive patients,
the mean survival time decreased with increasing
AFP levels (Table 6). Gene expression analysis has
demonstrated that genes that are upregulated during
proliferation and metastasis are significantly enriched
[19]
when SALL4 is highly expressed in HCC , which
suggests that SALL4-positive HCC patients have
greater malignant potential and worse prognosis.
In our study, we confirmed that AFP is positively
correlated with SALL4 (Table 2). SALL4 was positively
expressed in patients with increased AFP levels. The
higher the level of SALL4 expression, the higher the
grade of malignancy of the tumor, which resulted in
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shorter survival time and worse prognosis. Therefore,
AFP had a prognostic value for HCC patients who were
SALL4 positive. However, due to the small sample size,
we were unable to analyze the influence of different
AFP levels when SALL4 expression was weakly posi
tive, moderately positive, and strongly positive.
In conclusion, expression of SALL4 in HCC tissues
was stronger than in liver hemangioma tissues
and adjacent noncancerous cirrhotic tissues. The
expression level of SALL4 was related to the AFP level,
clinical stage, BCLC classification, and portal vein
tumor thrombosis. SALL4 as an independent predictor
affected the prognosis of HCC patients. Patients with
higher expression levels of SALL4 and AFP have worse
prognosis.
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Core tip: Direct acting antivirals have changed the
landscape of managing hepatitis C virus (HCV) infection,
but there is limited data on the full safety profile of these
drugs. We studied a group of liver transplant recipients
with recurrent HCV who had hepatic decompensation
and/or serious adverse events while on treatment with
sofosbuvir-based regimens. We found that cases had
lower pre-treatment hemoglobin, estimated glomerular
filtration rate, and higher pre-treatment serum total
bilirubin levels compared to controls. Anemia was the
most common event and 62% of cases required blood
transfusion. Similar to registration trials, sofosbuvir was
generally well-tolerated, while ribavirin-induced anemia
remains a challenge.
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Abstract
AIM: To determine the safety profile of new hepatitis C
virus (HCV) treatments in liver transplant (LT) recipients
with recurrent HCV infection.
METHODS: Forty-two patients were identified with
recurrent HCV infection that underwent LT at least 12
mo prior to initiating treatment with a Sofosbuvir-based
regimen during December 2013-June 2014. Cases were
patients who experienced hepatic decompensation
and/or serious adverse events (SAE) during or within
one month of completing treatment. Controls had no
evidence of hepatic decompensation and/or SAE. HIVinfected patients were excluded. Cumulative incidence
of decompensation/SAE was calculated using the
Kaplan Meier method. Exact logistic regression analysis
was used to identify factors associated with the
composite outcome.

Patel N, Bichoupan K, Ku L, Yalamanchili R, Harty A, Gardenier
D, Ng M, Motamed D, Khaitova V, Bach N, Chang C, Grewal
P, Bansal M, Agarwal R, Liu L, Im G, Leong J, Kim-Schluger
L, Odin J, Ahmad J, Friedman S, Dieterich D, Schiano T,
Perumalswami P, Branch A. Hepatic decompensation/serious
adverse events in post-liver transplantation recipients on
sofosbuvir for recurrent hepatitis C virus. World J Gastroenterol
2016; 22(9): 2844-2854 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i9/2844.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i9.2844

INTRODUCTION

RESULTS: Median age of the 42 patients was 60 years
[Interquartile Range (IQR): 56-65 years], 33% (14/42)
were female, 21% (9/42) were Hispanic, and 9%
(4/42) were Black. The median time from transplant to
treatment initiation was 5.4 years (IQR: 2.1-8.8 years).
Thirteen patients experienced one or more episodes of
hepatic decompensation and/or SAE. Anemia requiring
transfusion, the most common event, occurred in 62%
(8/13) patients, while 54% (7/13) decompensated.
The cumulative incidence of hepatic decompensation/
SAE was 31% (95%CI: 16%-41%). Risk factors for
decompensation/SAE included lower pre-treatment
hemoglobin (OR = 0.61 per g/dL, 95%CI: 0.40-0.88,
P < 0.01), estimated glomerular filtration rate (OR =
2
0.95 per mL/min per 1.73 m , 95%CI: 0.90-0.99, P =
0.01), and higher baseline serum total bilirubin (OR
= 2.43 per mg/dL, 95%CI: 1.17-8.65, P < 0.01). The
sustained virological response rate for the cohort of 42
patients was 45%, while it was 31% for cases.

Hepatitis C virus (HCV) is a leading cause of cirrhosis
and hepatocellular carcinoma, and thus a primary
indication for liver transplantation (LT) in the United
[1,2]
States . HCV infection recurs in virtually all patients
who have a detectable HCV viral load at the time of
[1-3]
LT . Recurrent HCV infection is an important cause
[2,3]
of graft failure and excess mortality . Up to 30%
of patients with recurrent HCV develop graft cirrhosis
[1,2,4]
within 5 years
, and 5% experience fibrosing
cholestatic hepatitis, an aggressive and rapidly[2,4,5]
progressive liver disease
. Successful antiviral
treatment leading to a sustained virological response
(SVR) may decelerate the rate of fibrosis, positively
[1,4,6-9]
impacting patient and graft survival
.
HCV treatment options are evolving rapidly.
Pegylated-interferon (PEG) plus ribavirin (RBV) was
the standard of care for over ten years, but it has low
[10]
efficacy and is poorly tolerated due to side effects .
Triple therapy with the protease inhibitors telaprevir
and boceprevir combined with PEG/RBV was more
efficacious than dual therapy, with SVR rates ranging

CONCLUSION: Sofosbuvir/ribavirin will continue to be
used in the post-transplant population, including those
with HCV genotypes 2 and 3. Management of anemia

WJG|www.wjgnet.com

2845

March 7, 2016|Volume 22|Issue 9|

Patel N et al . Decompensation/SAEs in LT patients on SOF
[11-13]

from 50%-67%
, but these regimens had severe
drug-drug interactions with calcineurin inhibitors
(immunosuppressive agents commonly used in post-LT
[14]
patients) due to an interaction with CYP3A enzymes .
Complications included severe anemia, infections, and
[14-16]
acute renal insufficiency, limiting its use
.
In December 2013, sofosbuvir (SOF), an inhibitor
of the HCV NS5B polymerase, was approved by the
United States Food and Drug Administration for use
in combination with RBV, with or without PEG, for
the treatment of chronic HCV infection in genotypes
[17,18]
1-4
. SOF has pangenotypic activity and a high
[19]
barrier to resistance . In a multicenter study,
SOF/RBV was given for 24 wk to 40 LT patients with
[20]
compensated liver disease ; 28 (70%) achieved
SVR12. The safety profile was favorable compared to
PEG-containing regimens. Most adverse events leading
[19]
to drug discontinuation were attributed to RBV .
There was no evidence of drug-drug interactions
between SOF and commonly used calcineurin inhibitors
(tacrolimus and cyclosporine), and there were no
deaths or episodes of graft rejection. Despite these
favorable outcomes, there is limited real-world data on
the safety profile and efficacy of SOF-based regimens
for the treatment of recurrent HCV infection after LT.
The goals of this study were to characterize and
determine the incidence and clinical significance of
hepatic decompensation and/or serious adverse
events (SAE) in LT recipients with recurrent HCV
infection on SOF-containing regimens. This information
will help clinicians identify patients at high risk of
adverse outcomes who may benefit from more
intensive monitoring during treatment. Although a
new combination of SOF and ledipasvir (LDV), a NS5A
inhibitor, was recently approved for patients with
[21-23]
genotype 1 HCV
, SOF/RBV will continue to be
used for patients with other genotypes, particularly
in those regions where newer direct-acting antivirals
(DAA) may not be readily available.

were decreased at the discretion of providers. HIVpositive patients and patients who underwent LT within
one year of treatment initiation were excluded. Data
collection included demographics, comorbid conditions,
baseline and on-treatment laboratory values including
HCV RNA levels, stage of liver disease, and description
of decompensation and/or SAE. Cirrhosis was defined
by any of the following: liver biopsy consistent with
stage 4 fibrosis; liver biopsy with stage 3 fibrosis
plus one of the following: platelet count < 140000,
esophageal varices identified on upper endoscopy,
imaging study with evidence of cirrhosis and/or portal
hypertension, history of ascites, or FibroSure test
equivalent to stage 4. In the absence of a liver biopsy,
any two of the following indicated cirrhosis: platelet
count < 140000, esophageal varices identified on
upper endoscopy, imaging study with evidence of
cirrhosis and/or portal hypertension, history of ascites,
or FibroSure test equivalent to stage 4. FIB-4 score
was used to estimate the degree of liver fibrosis. This
was calculated as [age (years) × AST (U/L)/[Platelet
9
1/2
count (10 /L) × ALT (U/L) ] with a value ≥ 3.25
signifying F3-F4 fibrosis. Glomerular filtration rates
were estimated using the CKD-EPI formula. The study
was conducted in accordance with the Helsinki accord
and had IRB approval (GCO # 10-0032).
Case: Cases were defined as liver transplant recipients
with new-onset hepatic decompensation, signified
by new or increased jaundice (total bilirubin ≥ 4.0
mg/dL), ascites, encephalopathy, variceal bleeding,
spontaneous bacterial peritonitis, sepsis, or another
SAE (FDA definition) while on HCV treatment or during
the first month after EOT. Those with LT within one
year prior to initiating SOF-containing regimens were
excluded from the cohort.
Control: Controls were those who received LT at
least one year prior to initiating treatment with SOFcontaining regimens and did not experience a hepatic
decompensation and/or SAE during treatment or up to
one month following EOT.

MATERIALS AND METHODS
Study design and patients

Statistical analysis

In this observational cohort study, all LT recipients ≥
18 years of age initiating HCV treatment with SOF at
the Mount Sinai Medical Center from December 2013
to June 30, 2014 were identified by their providers.
Patients who experienced a SAE and/or a hepatic
decompensation episode during treatment or up to
one month following the end of treatment (EOT)
were chosen for the study. All patients were treated
with SOF/RBV ± PEG and received at least one dose
of SOF. Most patients were started on 400 mg of
SOF and weight-based RBV, with doses ranging from
200 mg to 400 mg daily or twice per day. PEG was
added to the regimens of those patients who had HCV
recurrence after treatment post-LT. In response to
decreased hemoglobin concentrations, doses of RBV

WJG|www.wjgnet.com

Statistical analysis was performed by an experienced
biostatistician (Kian Bichoupan) at the Icahn School
of Medicine at Mount Sinai. The incidence of hepatic
decompensation and SAE was determined using the
Kaplan-Meier method. While all events experienced
by the Cases were included in the analysis to identify
factors associated with decompensation/SAE, only
the time to the first event was used to calculate
the incidence. Baseline descriptive variables were
shown as the median with the interquartile range.
Student t-test and Man-Whitney U test were used
to compare categorical and continuous variables of
Cases and Controls. Exact logistic regression analysis
was used to identify factors associated with hepatic
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Figure 1 Cumulative incidence of hepatic decompensation and/or serious adverse events using the Kaplan-Meier method. The dashed line indicates the time
at which 24-wk and 48-wk treatment regimens were completed. The dotted line indicates the 4-wk post end of treatment surveillance period.

decompensation and SAE. Variables with P-values of
less than 0.05 were used in the final model.

acute cholangitis (1 case), and worsening ascites
requiring increased dose of diuretics (1 case). Of the
13 cases, 10 (77%) completed treatment and 4 (31%)
had SVR12. Of the 29 Controls, 15 (52%) achieved
SVR12. In the cohort of 42 patients, SVR12 was
achieved in 19 (45%).
Table 2 shows the characteristics of Cases and
Controls. Cases had lower body weight (P = 0.04),
baseline hemoglobin (P = 0.01) and estimated
glomerular filtration rate (eGFR) (P = 0.03) than
Controls. There were no significant differences in age,
sex, or years since transplant between Cases and
Controls. There were also no significant differences
in comorbid conditions (hypertension, diabetes, he
patocellular carcinoma), FIB-4 scores, treatment
regimen, genotype, HCV viral load, or markers of liver
impairment [platelets, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin, total
bilirubin, and INR].

RESULTS
Among 57 patients who initiated treatment with a
SOF-containing regimen during the study period, 12
were excluded because LT occurred during the prior
12 mo and 3 were excluded due to HIV co-infection.
The remaining 42 patients were included in the
study: 38 (90%) were on SOF/RBV and four (10%)
were on SOF/PEG/RBV. The cumulative incidence of
liver decompensation and/or SAE, which occurred in
13 patients, was 31% (95%CI: 2%-44%) (Figure
1). Details of the 13 cases, including pre-treatment
laboratory values, years since LT, description of major
events, and overall outcome are presented in Table 1.
Episodes often involved multiple complications. Cases
had an average of 2.5 separate episodes of hepatic
decompensation/SAE during the course of treatment.
The average time from the initiation of treatment to
the first event of hepatic decompensation/SAE was 4.9
wk (SD: 3.6 wk, range: 2-15 wk).
The most common SAEs were hospitalization
(8 patients) and blood transfusion for symptomatic
anemia (8 patients). Other SAEs that occurred in more
than 1 patient were failure to thrive, hyperkalemia,
hyperglycemia, and partial small bowel obstruction.
Two of the Cases died. One of these patients was
hospitalized shortly before the end of treatment
and eventually completed treatment but died as a
consequence of complications from an intracranial
hemorrhage. The second patient was hospitalized
for portosystemic encephalopathy about 1 mo after
starting treatment and was eventually transitioned to
palliative care and hospice.
Hepatic decompensation events included new or
worsening jaundice (3 cases), portosystemic ence
phalopathy (2 cases), sepsis (4 cases), spontaneous
bacterial peritonitis (2 cases), urosepsis (1 Case),
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Univariable exact logistic regression analysis of factors
associated with hepatic decompensation/SAE

Exact logistic regression analysis was used to identify
factors associated with both hepatic decompensation
and SAE (Table 3). Univariable analysis revealed that
lower hemoglobin (OR = 0.61 per g/dL, P < 0.01)
and eGFR (OR = 0.95, P = 0.01) and higher serum
total bilirubin (OR = 2.43 per mg/dL, P < 0.01)
were factors potentially associated with both hepatic
decompensation and SAE. Other markers of liver
disease severity and hepatic impairment, including
FIB-4 score, transaminase levels, albumin, and INR,
were not associated with decompensation and SAE.
Multivariable analysis was not performed due to the
small size of the study group.

Sensitivity analysis

Sensitivity analyses were done to identify variables
associated with either hepatic decompensation or SAE,
rather than the composite endpoint. Factors associated
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SOF/RBV
24 wk
SOF/RBV
48 wk

SOF/RBV
24 wk

SOF/RBV
24 wk

SOF/RBV
24 wk

SOF/RBV
24 wk

SOF/PEG/RBV
24 wk3

SOF/RBV
24 wk

SOF/RBV
24 wk

SOF/RBV
24 wk

SOF/RBV
24 wk

2

4

5

6

7

8

9

10

11

12

3

SOF/RBV
24 wk2

Rx

1

Case
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56

12
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56

49

12

3

64

60

12

4

65

2

70

67

13

12

49

37

13

3

70

77

2

13

Genotype Age

M

M

F

M

F

F

F

M

M

F

M

F

1.1

2.2

7.5

9.1

6.0

7.3

1.5

13.2

1.9

1.2

17.0

5.0

Sex Years since
transplant

1

10.7

15.2

9.6

11.3

12.7

12.0

13.0

11.8

12.4

8.9

7.9

9.3

65

113

98

94

85

127

152

118

138

143

13

78

3.6

3.9

2.7

3.6

3.6

3.6

5.0

3.1

4.4

2.9

3.9

2.9

1.1

0.6

5.5

0.8

0.3

0.4

0.7

2.1

0.7

16.9

4.7

0.6

94

74

24

199

38

60

44

72

43

39

15

33

Hemoglobin
Platelets
Albumin Total bilirubin ALT
3
(g/dL)
(× 10 /μL) (g/dL)
(mg/dL)
(U/L)

Baseline

Table 1 Details of 13 cases with hepatic decompensation/serious adverse events

9.0

5.9

2.4

5.0

6.6

4.4

2.9

2.9

2.0

2.9

4.3

15.4

st

1 event
wk

Hospitalized for partial
SBO

Admitted for acute
cholangitis after
presenting with fever,
jaundice, diarrhea

Anemia requiring
transfusion

Anemia requiring
transfusion
Anemia requiring
transfusion

Symptomatic anemia, no
transfusion, treatment
discontinued

Anemia requiring
transfusion

Anemia requiring
transfusion

Anemia requiring
transfusion

Hospitalized for failure
to thrive, jaundice,
anemia requiring
transfusion

Hospitalized for PSE

Hospitalized for SBP

First episode

Transferred to Hospice, died

Hospitalized for fall soon
after EOT, developed ICH,
eventually died in hospital

Overall outcome

Viral load detectable
4 mo after treatment
discontinuation

Hemoglobin improved
after transfusion; completed
treatment

Hemoglobin level and ascites
improved after intervention;
completed treatment but
relapsed

Completed treatment

Hospitalized for
hyperkalemia

None

Hospitalized for SBP,
anemia requiring
transfusion, treatment
discontinued

SBO resolved with
conservative medical
management

Resolution of presenting
symptoms with antibiotics,
biliary stent placement;
completed treatment,
relapsed

Hemoglobin improved
after transfusions; viral load
undetectable at treatment
discontinuation; became
detectable 1 mo later

Anemia requiring
Completed treatment
multiple transfusions
Hospitalized for
Detectable viral load 7 wk
hyperglycemia, anemia after treatment discontinued
requiring transfusion;
treatment discontinued

None

None

Worsening ascites
requiring increased
dose of diuretics

Anemia requiring
transfusion

Hospitalized for
Completed 48 wk of
jaundice, anemia
treatment, never undetectable
requiring transfusion,
blurred vision

None

Hospitalized for
SBP, ascites, anemia;
jaundice, hyperkalemia

Later episodes

Y

N

N

N

Y

N

Y

N

Y

N

Died

Died

SVR 12
(Y/N)
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SOF/RBV
24 wk

13

68

M

1.7

10.7

196

1.9

2.2

24

5.0

Hospitalized, PSE, UTI

Hospitalized for
recurrent PSE due to
UTI

Completed treatment, +EOT
response, relapsed 4 wk postEOT

N
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This observational cohort study was performed to investigate the safety profile of SOF-containing regimens in liver transplant recipients. There have been limited
real-world studies that have described the safety profile of SOF in the LT population. Our goals were to determine the nature, incidence, and risk factors for hepatic
decompensation/SAE in order to allow healthcare providers to identify high-risk patients when evaluating treatment options in post-LT patients with recurrence of HCV
infection.
Of the 42 patients that were eligible for this study, 13 patients had a liver decompensation and/or a SAE. The cumulative incidence for hepatic decompensation/
SAE was 31%. It is important to note that hepatic decompensation and/or SAE did not necessarily affect treatment outcome. Nine of the 13 patients (77%) who had
a decompensation/SAE completed the treatment regimen, of which four (31%) achieved SVR, while 15 (52%) of the Controls achieved SVR. Of the remaining five
cases that completed treatment, three relapsed, one failed treatment (viral load remained detectable despite 48 wk of treatment), and one patient was hospitalized
immediately following the EOT and died during that hospitalization. Of the four cases that did not complete therapy, one Case died and three relapsed (became HCV
viral load detectable) weeks after treatment discontinuation. None of the Cases experienced fibrosing cholestatic hepatitis.
Our analysis revealed that lower hemoglobin and estimated glomerular filtration rate and higher serum total bilirubin were potential factors associated with the
composite outcome. Anemia is a well-known adverse effect of RBV use. Both RBV and SOF are metabolized in the liver and excreted through the kidneys, therefore if
estimated glomerular filtration rate is impaired, intravascular concentrations of SOF and RBV metabolites are elevated, leading to potential complications including RBVinduced hemolytic anemia. Given that all LT patients take a form of immunosuppression that frequently impairs renal function, intense monitoring and dose adjustments
are needed for medications that are renally excreted. Elevated bilirubin is a marker of liver impairment used in estimating the severity of liver disease, which supports the
finding that advanced liver disease generally leads to more complications. While understanding the natural course of chronic HCV infection, we acknowledge that many of
the decompensation/SAE events may not be treatment-related. Particularly, the study design is not optimized to infer causality of treatment given the lack of a true control
group, but we feel that describing the events experienced by this specific population while on newer direct acting antivirals (DAA) will educate providers and allow them
to closely monitor these high-risk patients while carefully individualizing treatment regimens. As observed in other studies, SOF was generally well tolerated and most of
the SAEs observed in our study were from RBV use, while hepatic decompensation was likely due to the natural progression of HCV in the allograft. These findings are
similar to a compassionate use program that administered SOF and RBV with or without PEG for 12 or 24 wk to patients with severe recurrent hepatitis or cirrhosis. In this
[24]
program, SVR was 59%, while most SAEs were due to hepatic decompensation that was not thought to be treatment-related .
In October 2014, the fixed-dose combination of ledipasvir/sofosbuvir (LDV/SOF) was approved by the Food and Drug Administration to be used in combination
[21-23]
with or without RBV for HCV genotypes 1 and 4
. The current standard of care for recurrent HCV infection in genotypes 1 and 4 in the allograft is LDV/SOF with
[25]
or without weight-based RBV for 12 or 24 wk
in both treatment-naïve and treatment-experienced patients. In a recent study, LDV/SOF plus weight-based RBV
was given to patients with advanced liver disease for 12 or 24 wk, including those with HCV recurrence post-LT. SVR for the post-LT group ranged from 60%-75% in

DISCUSSION

with SAE (Table 4) included lower baseline weight (P = 0.02), hemoglobin (P = 0.02), and estimated glomerular filtration rate (P = 0.03), and higher total bilirubin (P =
0.02). Factors associated with hepatic decompensation (Table 5) included lower baseline hemoglobin (P = 0.02), estimated glomerular filtration rate (P = 0.02), albumin (P
< 0.01), and ALT (P = 0.03), and higher INR (P < 0.01).

Baseline: indicates the most recent laboratory values prior to treatment initiation; 2SOF/RBV: Sofosbuvir/Ribavirin; 3SOF/PEG/RBV: Sofosbuvir/PEG-interferon/Ribavirin. Laboratory Reference Range: Hemoglobin (g/dL),
Ref: 13.9-16.3; Platelets (× 103/μL), Ref: 150-450; Albumin (g/dL), Ref: 3.5-4.9; Total Bilirubin (mg/dL), Ref: 0.1-1.2; ALT (U/L), Ref: 1-53. ALT: Alanine aminotransferase; SVR: Sustained virological response; SBP: Spontaneous
bacterial peritonitis; EOT: End of treatment; ICH: Intracranial hemorrhage; PSE: Portosystemic encephalopathy; SBO: Small bowel obstruction; UTI: Urinary tract infection.

1

13
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Table 2 Baseline characteristics of cases and controls
P value1

Categorical: n (%)
Continuous: median (IQR)
Case (n = 13)

Total
Demographics and clinical characteristics
Age (yr)
Gender, female
Race, black
Ethnicity, Hispanic
Weight (lbs)
BMI (kg/m2)
Years since Transplant
Comorbidities
Hepatocellular Carcinoma
Diabetes
Hypertension
Depression
Liver disease severity
Cirrhosis
FIB-4
FIB-4, ≥ 3.25
Treatment naïve
Treatment Regimen
SOF/RBV
SOF/PEG/RBV
Genotype
1
2
3
4
Labs
Hemoglobin (g/dL) (Ref: 13.9-16.3 g/dL)
Platelets (× 103/μL) (Ref: 150-450 × 103/µL)
HCV viral load (log10) (IU/mL) (Ref: 15-108 IU/mL)
Serum creatinine (mg/dL) (Ref: 0.70-1.40 mg/dL)
eGFR (mL/min per 1.73 m2 Albumin, g/dL)
(Ref: 3.5-4.9 g/dL)
ALT (U/L) (Ref: 1-53 U/L)
AST (U/L) (Ref: 1-50 U/L)
INR
Total bilirubin (mg/dL) (Ref: 0.1-1.2 mg/dL)
Alpha fetoprotein (ng/mL) (Ref: 0.0-9.0 ng/mL)

Controls (n = 29)

60 (56-65)
14 (33)
4 (9)
9 (21)
163 (146-182)
26.4 (22.6-28.7)
5.4 (2.1–8.8)

64 (56-68)
6 (46)
1 (7)
1 (7)
155 (122-168)
25.6 (21.6-27.8)
4.98 (1.7-7.5)

60 (57-64)
8 (28)
3 (10)
8 (28)
170 (147-193)
26.7 (24.6-29.0)
5.6 (2.7-8.8)

0.97
0.15
1.00
0.23
0.04
0.12
0.52

16 (38)
21 (50)
27 (64)
5 (12)

5 (38)
6 (46)
9 (69)
1 (8)

11 (38)
15 (52)
18 (62)
4 (14)

1.00
1.00
0.74
1.00

8 (19)
4.81 (3.00-7.02)
28 (67)
9 (21)

3 (23)
6.57 (3.12-8.94)
9 (69)
3 (23)

5 (17)
4.49 (2.78-6.71)
19 (65)
6 (21)

0.69
0.24
1.00
1.00

38 (90)
4 (10)

12 (92)
1 (8)

26 (90)
3 (10)

1.00
1.00

31 (74)
3 (7)
5 (12)
2 (5)

8 (62)
2 (15)
2 (15)
1 (8)

23 (79)
1 (3)
3 (10)
1 (3)

0.27
0.22
0.64
0.53

12.7 (10.8-14.2)
117 (82-148)
6.53 (6.27-6.72)
1.44 (1.10-1.72)
49 (41-67)
3.8 (3.5-4.1)
59 (39-82)
62 (49-92)
1.0 (1.0-1.2)
0.7 (0.5-1.1)
5.0 (3.1-9.2)

11.3 (9.6-12.4)
113 (85-138)
6.59 (6.07-6.70)
1.60 (1.33-1.86)
42 (32-49)
3.6 (2.9-3.9)
43 (33-72)
61 (53-77)
1.0 (0.9-1.3)
0.8 (0.6-2.2)
5.0 (3.5-12.1)

12.9 (12.2-14.5)
121 (81-150)
6.53 (6.32-6.76)
1.23 (1.04-1.60)
56 (44-70)
3.8 (3.6-4.1)
65 (42-89)
64 (41-93)
1.0 (1.0-1.1)
0.7 (0.5-1.0)
5.0 (3.0-8.2)

0.01
0.21
0.81
0.06
0.01
0.23
0.15
0.95
0.852
0.10
0.40

1

Student t test unless noted otherwise; 2Mann-Whitney. BMI: Body mass index; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated interferon; eGFR:
Estimated glomerular filtration rate; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: International normalized ratio.

those with severe hepatic impairment to 96%-98%
in those without cirrhosis or those with compensated
[26]
cirrhosis . In December 2014, the all-oral regimen of
ombitasvir, paritaprevir, ritonavir, and dasabuvir was
approved for use in genotype 1 chronic HCV infection.
In a phase 2 study, 34 liver transplant recipients with
recurrent genotype 1 HCV infection were given a 24
wk regimen of fixed dose ombitasvir-paritaprevir[27]
ritonavir with dasabuvir plus low-dose RBV . Thirtythree patients (97%) achieved SVR12. There were
no episodes of graft rejection or interaction with
[27]
calcineurin inhibitors, and the rate of SAEs was 6% .
For HCV genotype 2 or 3 infection in the allograft,
the standard of care remains SOF/RBV for 24 wk
in non-LT and post-LT patients, compensated and
decompensated cirrhotics, and treatment-naïve and
[28]
treatment experienced patients ; therefore, RBV
will continue to be used extensively. Even with the
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approval of LDV/SOF, the combination of SOF/RBV
will continue to be used internationally across all
genotypes, particularly in areas where LDV/SOF may
not be accessible. It is imperative that patients that
are pre-disposed to complications secondary to RBV
be closely monitored. These patients should have
appropriate dose reductions to neutralize the effects
of RBV. SOF may also be used as salvage therapy
with simeprevir (SMV) without RBV in those patients
who relapsed with newer NS5A inhibitors. A recent
[29]
study presented by Hezode et al
evaluated the
effectiveness of retreatment with 12 wk of SOF/SMV
in patients infected with HCV genotypes 1 and 4
who relapsed after treatment with daclatasvir-based
regimens. Of those retreated with SMV/SOF, 13/15
(87%) achieved SVR 12.
This observational study has significant strengths
and some limitations. The strengths of this study
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Table 4 Unadjusted sensitivity analysis of factors associated
with serious adverse events

Table 3 Unadjusted logistic regression analysis of factors
associated with hepatic decompensation/serious adverse
events
Unadjusted
OR
Demographics and clinical
characteristics
Age (yr)
Gender, female
Race, black
Ethnicity, Hispanic
Weight (lbs)
BMI (kg/m2)
Years since transplant
Comorbidities
Hepatocellular carcinoma
Diabetes
Hypertension
Depression
Liver disease severity
Cirrhosis
FIB-4
FIB-4, ≥ 3.25
Treatment naïve
Treatment Regimen
SOF/RBV
SOF/PEG/RBV
Genotype
1
2
3
4
Labs
Hemoglobin (g/dL)
(Ref: 13.9-16.3 g/dL)
Platelets (× 103/µL)
(Ref: 150-450 × 103/µL)
HCV viral load [log10 (IU/mL)]
(Ref: 15-108 IU/mL)
Serum creatinine (mg/dL)
(Ref: 0.70-1.40 mg/dL)
eGFR (mL/min per 1.73 m2)
Albumin (g/dL)
(Ref: 3.5-4.9 g/dL)
ALT (U/L)
(Ref: 1-53 U/L)
AST (U/L)
(Ref: 1-50 U/L)
INR
Total bilirubin (mg/dL)
(Ref: 0.1-1.2 mg/dL)
Alpha fetoprotein (ng/mL)
(Ref: 0.0-9.0 ng/mL)

95%CI

Demographics and clinical
characteristics
Age, yr
Gender, female
Race, black
Ethnicity, Hispanic
Weight, lbs
BMI, kg/m2
Years since transplant
Comorbidities
Hepatocellular carcinoma
Diabetes
Hypertension
Depression
Liver disease severity
Cirrhosis
FIB-4
FIB-4, ≥ 3.25
Treatment naïve
Treatment Regimen
SOF/RBV
SOF/PEG/RBV
Genotype
1
2
3
4
Labs
Hemoglobin (g/dL)
(Ref: 13.9-16.3 g/dL)
Platelets (× 103/µL)
(Ref: 150-450 × 103/µL)
HCV viral load [log10 (IU/mL)]
(Ref: 15-108 IU/mL)
Serum creatinine (mg/dL)
(Ref: 0.70-1.40 mg/dL)
eGFR (mL/min per 1.73 m2)
Albumin (g/dL)
(Ref: 3.5-4.9 g/dL)
ALT (U/L)
(Ref: 1-53 U/L)
AST (U/L)
(Ref: 1-50 U/L)
INR
Total bilirubin (mg/dL)
(Ref: 0.1-1.2 mg/dL)
Alpha fetoprotein (ng/mL)
(Ref: 0.0-9.0 ng/mL)

P value

1.00
2.13
0.73
0.22
0.98
0.87
0.96

0.92-1.09
0.47-9.72
0.01-9.98
0.01-2.07
0.95-1.00
0.73-1.04
0.83-1.10

0.97
0.40
1.00
0.30
0.06
0.13
0.52

1.02
0.80
1.40
0.54

0.21-4.78
0.17-3.58
0.29-7.76
0.01-6.05

1.00
1.00
0.91
1.00

1.42
1.07
1.17
1.14

0.19-9.49
0.95-1.20
0.25-6.70
0.15-6.77

0.96
0.29
1.00
1.00

REF
0.86

REF
0.11-3.19

REF
1.00

REF
6.25
1.90
2.75

REF
0.26-477.66
0.13-18.36
0.03-228.51

REF
0.39
0.86
0.95

0.61

0.40-0.88

< 0.01

0.99

0.98-1.00

0.26

0.90

0.38-2.44

0.82

2.27

0.88-8.82

0.09

0.95
0.45

0.90-0.99
0.13-1.32

0.01
0.15

0.99

0.97-1.00

0.19

1.00

0.99-1.00

0.54

1.27
2.43

1.12-1.14
1.17-8.65

0.22
< 0.01

0.25

0.99-1.11

0.15

95%CI

P value

0.99
2.73
0.44
0.26
0.97
0.85
0.98

0.91-1.08
0.54-18.42
< 0.01-2.76
< 0.01-2.37
0.94-0.99
0.69-1.02
0.85-1.12

0.79
0.28
0.49
0.39
0.02
0.08
0.75

1.21
1.01
1.15
0.6

0.24-6.04
0.22-4.74
0.23-6.45
0.01-7.16

1.00
1.00
1.00
1.00

0.8
1.08
0.99
1.33

0.07-5.68
0.94-1.22
0.20-5.55
0.18-8.56

1.00
0.28
1.00
1.00

REF
0.91

REF
0.12-3.46

REF
1.00

REF
8.47
2.27
3.03

REF
0.30-744.15
0.16-31.69
0.04-256.92

REF
0.31
0.72
0.90

0.63

0.36-0.95

0.02

0.99

0.98-1.00

0.14

1.03

0.41-2.60

0.95

2.02

0.81-5.91

0.14

0.95
0.76

0.91-0.99
0.26-2.31

0.03
0.63

0.99

0.98-1.00

0.43

0.99

0.99-1.01

0.78

2.93
1.94

0.35-29.0
1.05-4.69

0.36
0.02

1.04

0.99-1.12

0.16

BMI: Body mass index; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated
interferon; eGFR: Estimated glomerular filtration rate; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; INR: International
normalized ratio.

BMI: Body mass index; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated
interferon; eGFR: Estimated glomerular filtration rate; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; INR: International
normalized ratio.

that may not have been seen in clinical trials. The low
response rate in this series resulted from the fact that
most patients were infected with HCV genotype 1. This
is important given the fact that SOF/RBV will continue
to be prescribed to patients with HCV genotypes 2 and
3, despite the introduction of newer DAAs. Although
we were not able to perform a multivariable analysis,
our study serves as a platform to further study factors
associated with decompensation and/or SAE in pa

include the real-world setting and a cohort from a
single referral center. The real-world setting allows
us to report experiences with newer HCV regimens
in clinical practice. Registration trials often include a
specific patient population that may exclude patients
with more advanced liver disease, and real-world
experiences can shed new light on adverse effects

WJG|www.wjgnet.com

OR

2851

March 7, 2016|Volume 22|Issue 9|

Patel N et al . Decompensation/SAEs in LT patients on SOF
the lack of a true matched control group that did
not receive HCV treatment, which would be optimal
in a study design created to investigate treatmentrelated complications; however, the patients who are
not treated differ in comparison to those who are
treated, particularly in liver disease severity, resulting
in selection bias. We were limited to 42 patients in
the cohort. Consequently, multivariable analysis could
not be performed. We found that lower pre-treatment
hemoglobin and eGFR and higher total bilirubin may
be factors associated with decompensation/SAE.
However, a larger sample size is needed to confirm
these findings.
In summary, we found that lower pre-treatment
hemoglobin level and eGFR and higher serum total
bilirubin may be factors associated with both hepatic
decompensation and/or SAE. Post-LT patients with
recurrent HCV infection generally tolerate SOF well. Given
that all post-LT patients are on immunosuppressant
medications known to impair renal function and that all
will likely receive RBV and/or SOF for any recurrence of
HCV infection in the allograft, it is important that these
patients are monitored closely for complications. Given
that 19% of the cohort suffered from RBV-induced
hemolytic anemia, management of anemia remains
an important clinical challenge. Further studies with
larger sample sizes need to be undertaken to confirm
our findings and determine independent risk factors for
decompensation/SAE.

Table 5 Unadjusted sensitivity analysis for factors associated
with hepatic decompensation

Demographics and clinical
characteristics
Age (yr)
Gender, female
Race, black
Ethnicity, Hispanic
Weight (lbs)
BMI (kg/m2)
Years since Transplant
Comorbidities
Hepatocellular Carcinoma
Diabetes
Hypertension
Depression
Liver disease severity
Cirrhosis
FIB-4
FIB-4, ≥ 3.25
Treatment naïve
Treatment Regimen
SOF/RBV
SOF/PEG/RBV
Genotype
1
2
3
4
Labs
Hemoglobin (g/dL)
(Ref: 13.9-16.3 g/dL)
Platelets (× 103/μL)
(Ref: 150-450 × 103/μL)
HCV viral load [log10 (IU/mL)]
(Ref: 15-108 IU/mL)
Serum creatinine (mg/dL)
(Ref: 0.70-1.40 mg/dL)
eGFR (mL/min per 1.73 m2)
Albumin (g/dL)
(Ref: 3.5-4.9 g/dL)
ALT (U/L)
(Ref: 1-53 U/L)
AST (U/L)
(Ref: 1-50 U/L)
INR
Total bilirubin (mg/dL)
(Ref: 0.1-1.2 mg/dL)
Alpha fetoprotein (ng/mL)
(Ref: 0.0-9.0 ng/mL)

P value

OR

95%CI

1.03
2.23
2.2
0.39
0.99
0.94
0.96

0.92-1.16
0.26-19.54
0.04-35.75
< 0.01-2.30
0.96-1.02
0.75-1.16
0.79-1.15

0.67
0.63
0.94
0.41
0.37
0.61
0.63

0.28
2.21
3.22
0.86

0.01-2.94
0.28-27.69
0.30-173.80
< 0.01-5.35

0.49
0.66
0.57
0.90

5.41
1.11
2.81
4.85

0.61-56.98
0.94-1.31
0.26-151.24
0.50-58.79

0.14
0.24
0.67
0.21

REF
< 0.01

REF
< 0.01-> 99.99

REF
0.97

REF
4.67
2.33
9.33

REF
0.32-68.03
0.19-28.25
0.46-190.63

REF
0.26
0.51
0.15

0.17

0.04-0.75

0.02

0.99

0.97-1.01

0.29

0.79

0.29-2.18

0.65
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3.12

0.99-9.77

0.05

0.92
0.13

0.86-0.99
0.02-0.58

0.02
< 0.01
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0.96

0.90-0.99

0.03

0.99

0.98-1.01

0.70

1.59
5.65

1.09-2.97
0.99-32.34

1.03

0.98-1.08
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COMMENTS
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0.05

Following liver transplantation of hepatitis C virus (HCV) infected patients,
recurrent infection is nearly universal. More effective and less toxic regimens
are now available. To improve their safe utilization, this study aimed to identify
factors associated with hepatic decompensation and/or other serious adverse
events in liver transplant recipients on Sofosbuvir-based regimens for recurrent
HCV infection in a real-world setting.

0.27

BMI: Body mass index; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated
interferon; eGFR: Estimated glomerular filtration rate; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; INR: International
normalized ratio.

Research frontiers

Interferon and ribavirin were the standard of care for the treatment of HCV
for many years. With the advent of new direct acting antiviral (DAA) agents
for HCV, there is a changing landscape in the management of HCV infection.
Boceprevir and telaprevir, inhibitors of the HCV serine protease NS3/4A, were
the first generation of DAAs approved by the United States Food and Drug
Administration. Newer DAAs include sofosbuvir, a NS5B polymerase inhibitor,
and simeprevir, a second phase NS3/4A protease inhibitor. These drugs may be
used in combination with ribavirin and do not require the addition of interferon,
and thus have less toxicity. By studying these drugs in a real-world setting,
we can give providers more information on the safety profile. This in turn can
influence individualization of HCV treatment regimens and closer monitoring in
higher risk patients.

tients treated with these drugs.
There were several limitations. Several patients
included in the cohort had episodes of hepatic decom
pensation within 12 mo prior to initiating treatment,
making it difficult to infer causality for on-treatment
decompensation/SAE, as one could argue that ontreatment episodes could be related to the natural
progression of liver disease. Another limitation is
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Innovations and breakthroughs

While sofosbuvir has shown remarkable efficacy, the full safety profile in a realworld setting is limited. Sofosbuvir in combination with ribavirin will continue
to be used in HCV genotypes 2 and 3 in the post-LT population and in areas
where 3rd generation DAAs are not available. Awareness of effects not seen in
earlier trials may allow safer and more effective use of these medications.

9

Applications

This study identified low baseline hemoglobin and estimated glomerular
filtration rate, and high serum total bilirubin as potential risk factors for
hepatic decompensation and serious adverse events in post-LT patients on
sofosbuvir-based regimens for recurrent HCV. Given that transplant patients
are on immunosuppressive therapy that impairs renal function, careful dose
adjustments and monitoring are necessary for those on medications that are
renally metabolized. The high incidence of anemia requiring transfusion can
be explained by an increased concentration of ribavirin metabolites due to
decreased renal clearance.

10

11

12

Terminology

Hepatitis C is an infectious disease caused by the HCV, an infectious
agent that primarily infects cells of the liver. Direct-acting antiviral drugs
are medications that target specific areas of the HCV in order to prevent
the virus from duplicating. Sustained virologic response is defined as the
absence of detectable HCV RNA in blood 12 wk after the end of treatment.
Hepatic decompensation is indicated by new or increased jaundice, ascites,
encephalopathy, variceal bleeding, or sepsis. Serious adverse events, defined
by the Food and Drug Administration, include those causing any death,
hospitalization, significant or permanent disability, or an intervention to prevent
permanent impairment or damage.

13

14

Peer-review

This manuscript “Hepatic decompensation/serious adverse events in post-liver
transplantation recipients on sofosbuvir for recurrent HCV” is very interesting.
15
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Abstract
A case in which implantation of esophageal squamous
cell carcinoma onto a post-dissection gastric ulcer
was strongly suspected is presented. A 72-yearold man with alcoholic liver cirrhosis underwent
esophagogastroduodenoscopy (EGD). Esophageal
cancer (EC) (Mt, 20 mm, 0-Is) and gastric cancer
(GC) (antrum, 15 mm, 0-Ⅱc) were identified. Biopsy
specimens revealed moderately differentiated squamous
cell carcinoma (SCC) and differentiated adenocarcinoma,
respectively. The GC was resected by endoscopic
submucosal dissection (ESD) [14 mm × 9 mm, type
0- Ⅱ c, tub1, pT1a(M), ly0, v0, HM(-), VM(-)]. Two
months after ESD, radiation therapy was started for the
EC, and an almost complete response was obtained.
Nine months after the ESD, a follow-up EGD showed a
submucosal tumor-like lesion with ulceration, located
immediately under the post-ESD scar, and biopsy
specimens showed moderately differentiated SCC.
There were no similar lesions suggesting hematogenous
or lymphatic metastasis in the stomach.
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was 22 mm in diameter. No complications occurred. On
histology, the lesion was 14 mm × 9 mm, type 0-Ⅱc,
tub1, pT1a(M), UL(-), ly0, v0, HM(-), VM(-) (Figure 3).
Two months after ESD, when the post-ESD ulcer
was healed (Figure 3E) and the EV had disappeared,
radiation therapy (RT) was started for the EC at 60
Gy/6 wk, and an almost complete response was
obtained at the end of the RT.
A follow-up EGD 7 mo after the ESD showed a
slight elevation on the post ESD scar (Figure 4A), but
biopsy specimens did not show any malignancy. Two
more months later, EGD showed a submucosal tumorlike lesion with ulceration, 15 mm in size, located
immediately under the post-ESD scar, and there were
no other similar elevated lesions in the stomach.
Magnifying endoscopy with narrow band imaging
showed that the base of the elevation was covered with
normal mucosa. Endoscopic ultrasonography (EUS)
findings indicated that the tumor mainly involved the
submucosal layer. The tumor was also recognized as a
well-demarcated, early enhanced mass on CT. At that
time, some swollen lymph nodes were observed around
the esophagus, but no hematogenous metastases,
such as lung or liver metastases, were detected. Biopsy
specimens from the edge of the ulcer on the top of the
elevated lesion revealed moderately differentiated SCC,
which closely resembled the EC (Figure 4B-G).
It was strongly suspected that the lesion was
implantation of EC onto the post-ESD ulcer after ESD
for GC because the tumor was located immediately
under the scar, and there were no similar lesions
suggesting hematogenous metastasis. Because local
recurrence of the esophageal cancer was also found by
follow-up EGD at that time, the patient was managed
with best supportive care. The tumor seemed to be
Borrmann type 2, and there were no other lesions
suggesting intramural metastases in the stomach a
year after the ESD (Figure 5).

gastric cancer was resected by endoscopic submucosal
dissection (ESD), and the esophageal cancer was treated
by radiation therapy two months after the ESD. The
post ESD scar was found to be elevated and ulcerated
during follow-up examination nine months after ESD,
and the biopsy specimens showed SCC. It was strongly
suspected that the lesion was the result of implantation
of esophageal cancer onto the post-ESD ulcer, because
the tumor was located immediately under the scar, and
there were no similar lesions suggesting hematogenous
or lymphatic metastasis.
Asai S, Takeshita K, Kano Y, Nakao E, Ichinona T, Fujimoto
N, Akamine E, Mori T, Ogawa A. Implantation of esophageal
cancer onto post-dissection ulcer after gastric endoscopic
submucosal dissection. World J Gastroenterol 2016; 22(9):
2855-2860 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i9/2855.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i9.2855

INTRODUCTION
Implantation of cancer cells onto the ulcer after
endoscopic submucosal dissection (ESD) is extremely
rare, although implantation onto the site of a stapled
anastomosis after colectomy or implantation of
pharyngoesophageal malignancy onto a percutaneous
endoscopic gastrostomy (PEG) site is a well-known
phenomenon. There is a reported case of local re
currence thought to be from implantation of tumor
[1]
cells after rectal ESD , and there is also a report of
implantation after endoscopic mucosal resection in a
[2]
patient with rectosigmoid cancer . However, to the
best of our knowledge, implantation of cancer cells
from a malignancy of another organ to the ulcer after
ESD has never been reported. Thus, a case in which
implantation of esophageal squamous carcinoma onto
post-dissection gastric ulcer was strongly suspected is
reported.

DISCUSSION
In the current case, the post ESD scar at the gastric
antrum was found to be elevated and ulcerated
during follow-up examination after ESD for gastric
adenocarcinoma, and the biopsy specimen from that
lesion revealed SCC. Although direct implantation,
hematogenous metastasis, intramural metastasis
(lymphatic dissemination), and primary gastric SCC
were considered potential causes, implantation was
thought to be the most likely because the solitary SCC
grew directly under the post ESD scar in the antrum.
Hematogenous metastasis to the stomach usually
presents with multiple lesions in the gastric wall. In
[3,4]
the literature , intramural metastasis to the stomach
is predominantly located in the upper portion of the
stomach. The possibility that primary gastric squamous
cell carcinoma, which is quite a rare histological
type, arose immediately under the post ESD scar
was thought to be extremely low. Furthermore, the

CASE REPORT
A 72-year-old man with alcoholic liver cirrhosis
underwent esophagogastroduodenoscopy (EGD).
Risky esophageal varices (EV), esophageal cancer
(EC) (Mt, left, 20 mm, 0-Is, depth of SM2), and gastric
cancer (GC) (L, post, 15 mm, 0-Ⅱc, depth of M) were
identified. Biopsy specimens revealed moderately
differentiated squamous cell carcinoma (SCC) and
differentiated adenocarcinoma, respectively (Figure 1).
Considering his comorbidity and general condition,
the treatment strategy shown in Figure 2 was planned.
Repeated biweekly endoscopic variceal ligation therapy
(EVL) was performed until the EV disappeared before
radiation therapy for the EC. In addition, the GC was
resected by ESD during the same period of time. The
operation time was 63 min, and the resected specimen
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A

B

C

D

Figure 1 Esophagogastroduodenoscopy findings. A: An elevated lesion 20 mm in size was detected in the left wall of the middle thoracic esophagus. The
endoscopic findings indicated that the lesion was esophageal cancer with a depth of SM2; B, C: Biopsy specimens revealed moderately differentiated squamous cell
carcinoma (hematoxylin-eosin stain; magnification: B × 40, C × 200); D: A small erosion with surrounding reddish mucosa was also found in the posterior wall of the
gastric antrum, which was suspected to be gastric mucosal cancer.

ESD, which took one hour and reached the postdissection ulcer, which was regarded as freshly cut
tissue. It has also been reported that colorectal
cancer cells could exfoliate into the intestinal lumen
due to intraoperative manipulation, and such cells
[6]
have high viability . There is another possibility that
implantation occurred at a later date following ulcer
healing after ESD, for example, by EVL or food intake.
Since this case required EVL and APC procedures after
ESD that would be unusual in regular cases, these
frequent endoscopic approaches to the esophagus
may have been associated with implantation of
esophageal cancer. In fact, the EVL procedures were
carried out twice, followed by one APC procedure after
ESD. Although the tip of the inserted flexible over
tube used for the EVL procedure was far from the
esophageal cancer, because it was shorter than the
length from his mouth to the esophageal cancer, these
frequent approaches might have caused the cancer
cells to exfoliate to a certain degree. However, at the
time of the procedures, the post-dissection ulcer bed
was completely covered by a white coat, and freshly
cut tissue was not exposed. It was assumed that
implantation was not able to occur in such a situation
even if many cancer cells were exfoliated.
We have to carefully develop treatment strategies
for patients with double cancers, keeping in mind
that implantation can occur after ESD. The present
patient could not undergo surgery for EC because of

ESD FOR GC

RT FOR EC
EVL
0

EVL
1

EVL

EVL
2

APC
3

4

5 mo

Figure 2 Treatment strategy. Repeated biweekly endoscopic variceal ligation
therapy was performed in advance before radiation therapy for the esophageal
cancer. The gastric cancer was resected by endoscopic submucosal dissection
during the same period of time.

histological examination revealed that the tissue
taken from the gastric lesion resembled that from the
esophageal cancer. A review of 44 cases of stomal
metastases after PEG from pharyngoesophageal
malignancy concluded that the risk factors, such as
the higher risk of stomal metastases with endoscopic
rather than surgical gastrostomy, are more consistent
with direct implantation of cancerous cells at the stoma
than with hematogenous or lymphatic dissemination
[5]
at a wound site . All these previous reports strongly
support the implantation hypothesis.
As the mechanism of implantation in the current
case, it is possible that a relatively large amount of
cancer cells were exfoliated by continuous physical
contact of the scope against the EC during gastric
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Figure 3 Gastric endoscopic submucosal dissection. A, B: Successful complete en bloc resection by endoscopic submucosal dissection (ESD) was performed.
The operation time was 63 min, and the resected specimen was 22 mm in diameter; C, D: On histology, the lesion was differentiated type mucosal cancer 14 mm in
size, and completely resected (magnification: C × 40, D × 200); E: Two months after ESD, the post ESD ulcer was healed and became a red scar.

his comorbidities. However, if the case were operable,
esophagectomy and reconstruction by gastric tube
following gastric ESD would result in SCC recurrence
under the post ESD scar in the gastric tube, and he
would have to undergo reoperation. On the other
hand, esophagectomy prior to the treatment of
gastric cancer leaves some risks. For example, there
is a risk that gastric cancer may involve the suture
line of the gastric tube. Even if the patient could
avoid the situation above, we need to perform the
technically demanding ESD in the gastric tube after
esophagectomy. Moreover, we have to consider
additional surgical operations in the case of GC, which
is a proven contraindication after ESD.
There are some ways to reduce the risk of im
plantation after ESD. First, it is important to prevent
exfoliation of cancer cells as much as possible.
Specifically, in addition to gentle manipulation of both

WJG|www.wjgnet.com

lesions, application of an over tube designed for double
balloon endoscopy for covering another lesion may
be useful. Second, washing out the post-dissected
ulcer and surrounding area to remove exfoliated
cancer cells may be effective, though there is no
evidence for this in the field of endoscopy. It has been
reported that intraluminal lavage can help prevent
tumor cell implantation to the anastomotic site after
[7]
rectal cancer surgery . Third, closure of the post ESD
ulcer by endoscopic clipping could be beneficial when
another lesion exists on the oral side of the lesion to
be resected by ESD, as in the present case, because
implantation might occur at a later date following ulcer
healing after ESD.
This was the first report of a case of implantation
of esophageal SCC onto a post-dissection ulcer after
ESD for early gastric adenocarcinoma. We should keep
this fact in mind and develop treatment strategies for
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Figure 4 Follow-up esophagogastroduodenoscopy after endoscopic submucosal dissection. A: A follow-up esophagogastroduodenoscopy (EGD) 7 mo after
endoscopic submucosal dissection (ESD) showed a slight elevation on the post ESD scar, but biopsy specimens did not show any malignancy; B: Two more months
later, EGD showed a submucosal tumor-like lesion with ulceration 15 mm in size, located right under the post ESD scar; C: Magnifying endoscopy with narrow band
imaging showed that the base of the elevation was covered with normal mucosa; D: EUS findings indicated that the tumor mainly involved the submucosal layer; E:
The tumor was also recognized as well-demarcated, early enhanced mass on CT; F, G: Biopsy specimens from the edge of the ulcer on the top of the elevated lesion
revealed moderately differentiated SCC, which resembled the EC (magnification: F × 40, G × 200).
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Treatment

Best supportive care only.

Related reports

There is a reported case of local recurrence thought to be from implantation
of tumor cells after rectal ESD, and there is also a report of implantation after
endoscopic mucosal resection in a patient with rectosigmoid cancer.

Experiences and lessons

A case of implantation of esophageal cancer to gastric ulcer after ESD is
extremely rare. However this possibility should be kept in mind and strategies
to manage patients with double cancers should be developed carefully.

Peer-review

Figure 5 The tumor seemed to be Borrmann type 2 a year after the
endoscopic submucosal dissection.

patients with double cancers carefully.

In this report, implantation of esophageal cancer cells is strongly suspected
through the clinical course and endoscopic findings. From this point of view,
the discussion paragraph is well structured and includes useful information for
readers. This case report could be helpful for readers to treat double cancers of
gastrointestinal tract.

COMMENTS
COMMENTS

REFERENCES

Case characteristics

1

A follow-up esophagogastroduodenoscopy (EGD) for a 72-year-old man after
the gastric endoscopic submucosal dissection (ESD) followed by radiation
therapy against the esophageal squamous cell carcinoma (SCC) showed a
submucosal tumor-like lesion immediately under the post-ESD scar.

2

Clinical diagnosis

It was strongly suspected that the lesion was implantation of esophageal SCC
on to the post-ESD ulcer because biopsy specimen taken form the lesion
revealed SCC.

3

Differential diagnosis

Hematogenous or lymphatic metastasis from the esophageal cancer was taken
into consideration.

4

Imaging diagnosis

5

It was strongly suspected on EGD that the lesion was the result of implantation
of esophageal cancer onto the post-ESD ulcer, because the tumor was located
immediately under the scar, and there were no similar lesions suggesting
hematogenous or lymphatic metastasis.

6

Pathological diagnosis

7
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Abstract
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We present a rare case of invasive liver abscess
s y n d r o m e d u e t o K l e b s i e l l a p n e u m o n i a e (K .
pneumoniae ) with metastatic meningitis and septic
shock. A previously healthy, 55-year-old female
patient developed fever, liver abscess, septic shock,
purulent meningitis and metastatic hydrocephalus.
Upon admission, the clinical manifestations, laboratory

Institutional review board statement: The study was reviewed
and approved by the Sir Run Run Shaw Hospital Institutional
Review Board.
Informed consent statement: Informed consent has been
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[7]

in 2011 . In the past, KLA had been considered rare
[8]
in mainland China . The mortality rate of patients
[5,9,10]
with KLA is 2.8%-8.0%
. Extrahepatic metastatic
infection at distant sites has been reported in 8.7%
to 15.5% of KLA patients, which may result in severe
[11-13]
complications and poor outcomes
. In 2012, Fang
[5]
et al proposed a case definition for invasive liver
abscess syndrome: K. pneumoniae liver abscess with
extrahepatic complications, especially involvement
of central nervous system (CNS), necrotising fasciitis
[9]
or endophthalmitis . Invasive K. pneumoniae liver
abscess syndrome is generally community-acquired
and presents mainly as a mono-microbial liver abscess.
A reported 13% of patients with this syndrome have
[5]
septic metastatic ocular or CNS lesions .
Importantly, invasive liver abscess syndrome
with metastatic infections due to K. pneumoniae
[9]
is associated with high morbidity and mortality .
Among these distal metastatic infections, meningitis
secondary to K. pneumoniae primary liver abscess is a
life-threatening condition and is observed in 4%-10%
[5,12]
of the cases with KLA
, whose rate of mortality
or a permanent vegetative state can reach up to
[14,15]
44%-49%
.
Whilst this syndrome has been reported in East
[4,6,10,16-19]
Asia, North America and South Africa
, to the
best of our knowledge, KLA with metastatic meningitis
has not been reported in mainland China. Here we
present a rare case of a previously healthy 55-yearold female patient who developed fever, liver abscess,
septic shock, purulent meningitis and metastatic
hydrocephalus. Given the devastating nature of
metastatic meningitis secondary to KLA, our case
will raise concern for this globally emerging invasive
syndrome among clinicians.

and imaging examinations were compatible with a
diagnosis of K. pneumoniae primary liver abscess.
Her distal metastasis infection involved meningitis and
hydrocephalus, which could flare abruptly and be life
threatening. Even with early adequate drainage and
antibiotic therapy, the patient’s condition deteriorated
and she ultimately died. To the best of our knowledge,
this is the first case of K. pneumoniae invasive liver
abscess syndrome with septic meningitis reported in
mainland China. Our findings reflect the need for a
better understanding of the epidemiology, risk factors,
complications, comorbid medical conditions and
treatment of this disease.
Key words: Invasive liver abscess syndrome; Pyogenic
liver abscess; Klebsiella pneumonia ; Meningitis; Septic
shock
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Invasive liver abscess syndrome due to

Klebsiella pneumonia (K. pneumoniae ) has been

emerging worldwide over the past 2 decades, especially
in the Asia Pacific region. K. pneumoniae liver abscess
with metastatic meningitis is a rare and devastating
complication. To our knowledge, this is the first case of
invasive liver abscess syndrome with septic meningitis
due to K. pneumoniae reported in mainland China.
Qian Y, Wong CC, Lai SC, Lin ZH, Zheng WL, Zhao H, Pan KH,
Chen SJ, Si JM. Klebsiella pneumoniae invasive liver abscess
syndrome with purulent meningitis and septic shock: A case from
mainland China. World J Gastroenterol 2016; 22(9): 2861-2866
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i9/2861.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i9.2861

CASE REPORT
A 55-year-old female resident of Zhejiang province,
China, was admitted to the Emergency Department
(ED) of Sir Run Run Shaw Hospital, Zhejiang University,
and presented with a chief complaint of 10 d of
abdominal discomfort, anorexia and 1 wk of fever and
dizziness. In the ED she experienced an episode of
diarrhea, but had no other gastrointestinal symptoms.
Her past medical history was unremarkable, and there
had been no recent travel, tick bites, sick contact,
alcohol or drug use. On admission her initial vital
signs included a body temperature of 39.5 ℃, heart
rate of 103 beats/min, blood pressure of 127/61
mmHg, respiratory rate of 20 breaths/min, and an
oxygen saturation of 98% on 3 L/min oxygen. The
scleras were non-icteric and the neck was supple. The
lungs were clear bilaterally, with no audible murmur
on cardiac auscultation. Tenderness could be elicited
in the right upper quadrant of the abdomen, but
hepatosplenomegaly was not detected. Neurologic
examination was unremarkable. No rash was observed.
Laboratory test results included a white blood cell

INTRODUCTION
Klebsiella pneumoniae (K. pneumoniae) is a Gramnegative, non-motile, capsulated, gas-producing
enteric bacillus widely found in nature, and it belongs
to the normal flora of the human oral cavity and
intestine. K. pneumoniae was first discovered by
Friedlander in 1882 and considered to be responsible
[1]
for a severe form of lobar pneumonia . Infections with
K. pneumoniae are usually hospital-acquired and occur
primarily in patients with impaired host defenses. On
the other hand, it has emerged that K. pneumoniae
is a major cause of rare, community-acquired mono[2,3]
microbial pyogenic liver abscess (69.0%-73.2%) .
Recently, there is a rising consensus that K.
pneumoniae primary liver abscess (KLA) can be
defined as a K. pneumoniae liver abscess occurring in
[4]
the absence of predisposing hepatobiliary disease .
[5]
KLA was first described in Taiwan and the majority
[4,6]
of the KLA were found in patients of Asian descent ,
although KLA has also been found in a Caucasian man
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Figure 1 Computerized tomographic scan images. A: Abdominal computerized tomographic (CT) scans demonstrated an area of abnormal attenuation measuring
84 mm × 91 mm in the right lobe of the liver, indicative of a single large multi-loculated abscess; B: Emergency CT-guided percutaneous drainage of liver abscess was
performed on the night of admission; C: Enlarged lateral ventricles, low density area at the white matter near the ventricles, revealing brain edema and hydrocephalus.
Brain abscesses could not be excluded; D: Emergency lateral ventricular drainage was performed when the patient’s condition deteriorated.
9

count of 19.8 × 10 /L with an elevated neutrophil
ratio of 89.9%. The concentrations of C-reactive
protein and glucose were 109.9 mg/L and 7.48
mmol/L, respectively. Liver function test results
were as follows: aspartate aminotransferase: 150
IU/L; alanine aminotransferase: 86 IU/L; lactate
dehydrogenase: 431 IU/L; total bilirubin: 15.0 μmol/L;
and direct bilirubin: 7.4 μmol/L. Coagulation panel
demonstrated an international normalized ratio of 1.19,
prothrombin time of 14.9 s, and partial thromboplastin
time of 37.5 s. Lactate was 0.9 mmol/L. Two sets
of peripheral blood cultures were ordered. Because
of the right upper quadrant tenderness on physical
examination, a further imaging examination was
performed. An abdominal computed tomography
(CT) scan demonstrated a single abscess in the right
lobe of liver (84 mm × 91 mm) (Figure 1A). No other
intra-abdominal pathologies such as gallstones were
observed. Because the patient also suffered from high
fever and dizziness, a head CT scan was performed
at the same time, which had no acute findings. The
patient was diagnosed with primary liver abscess and
sepsis, and thus she was immediately treated with
intravenous meropenem and emergency CT-guided
TM
percutaneous drainage of the liver abscess (SKATER
Drainage Catheter-Locking Pigtail, 8 French) was
performed, which drained 300 mL of yellow pus
over the first 24 h (Figure 1B). The liver aspirate
was submitted for Gram stain and both aerobic and

WJG|www.wjgnet.com

anaerobic culture. The patient was transferred to the
intensive care unit after drainage, when her heart rate
was 92 beats/min and blood pressure was 121/70
mmHg. Repeated blood and liver pus cultures were
ordered during episodes of fever.
nd
On the 2 day after admission, the patient
continued to suffer from high fever and chills. The
highest body temperature was 39 ℃. Blood pressure
fluctuated and sometimes the MBP dropped below 65
mmHg. She was drowsy and unresponsive to physical
or verbal stimuli and commands. GCS score was 2
+ 3 + 5. Bulbar conjunctival edema and stiff neck
were observed. Pupillary examination revealed equal
and reactive pupils. Under suspicion of meningitis,
the patient received a second head CT plain scan and
underwent lumbar puncture examination. CT images
demonstrated hydrocephalus with diffuse cerebral
edema (Figure 1C). The intracranial pressure was 120
mm H2O. Cerebrospinal fluid was yellow and purulent,
and revealed 9630 white blood cells/µL, 140 red blood
cells/μL, protein 2343 mg/L and glucose 0.24 mmol/L.
Cerebrospinal fluid was submitted for Gram staining and
bacterial culture. The above findings led to the diagnosis
of purulent meningitis and hydrocephalus, and septic
shock could not be excluded. Meropenem combined
with vancomycin were then given intravenously.
rd
On the morning of the 3 day, the patient’s blood
pressure dropped to 84/52 mmHg with a pulse rate of
62 beats/min. Norepinephrine was given to maintain
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MBP > 65 mmHg. The body temperature fluctuated
between 37.9 ℃ and 39 ℃. The patient developed
extreme drowsiness and was awake only to painful
stimuli. Upper limb spasm was occasionally observed.
A third head plain CT scan revealed hydrocephalus,
which was more severe than that of the first two scans.
Considering the patient was in a hemodynamically
unstable condition, contrast-enhanced CT of the head
was not allowed. But even in the absence of imaging
data, we could deduce the diagnosis of brain abscess
based on her clinical symptoms, the lab results of CSF
and consecutive plain CT scans of head. Based on this
diagnosis, emergency lateral ventricular drainage was
given. During the operation, intracranial hypertension
and purulent cerebrospinal fluid were observed and
the cerebrospinal fluid was collected for routine
examination, biochemistry and culture. The tests
showed 16420 white blood cells/μL, 130 red blood
cells/μL, protein 2198 mg/L and glucose 0.18 mmol/L.
Five hours post-operation, the patient’s mental status
improved and her body temperature returned to
normal. Post-operative head CT scan demonstrated
that hydrocephalus was improved (Figure 1D).
th
On the 4 day, the patient regained consciousness,
and the GCS score was 3 + T + 6. Her body tem
perature was normal and the hemodynamic status was
stable. She was kept on ventilation and SPO2 was 100%
(FiO2 was 40%). Considering that the drainage of the
cerebral ventricular empyema remained inadequate,
bilateral ventricular drainage was proposed but was
refused by the patient’s family. Eventually she was
transferred to a local hospital for personal reasons.
K. pneumoniae was subsequently isolated from
two independent liver aspirate samples. The isolate
was resistant to ampicillin but susceptible to broadspectrum antibiotics such as cephalosporins, ampicillinsulbactam, levofloxacin, aminoglycosides, trimethoprimsulfamethoxazole and meropenem. On the other hand,
both blood and CSF failed to isolate any microorganism;
Gram staining was also negative, despite the presence
of a large amount of neutrophilic inflammatory cells in
the CSF. We followed up this patient by phone; however,
her condition deteriorated and she died two weeks later.

infection.
Several bacterial virulence factors have been
investigated for their involvement in the pathogenesis
of invasive liver abscess syndrome, and have often
been found to be related to the bacterial capsule.
K. pneumoniae strains harboring capsular serotype
K1 or K2, mucoviscosity-associated gene A (magA),
rmpA, and aerobactin appear to be highly virulent.
Such bacterial virulence factors are associated with
the development of metastatic disease. However,
the rmpA gene is almost ubiquitous in KLA strains,
thus rmpA could hardly predict metastatic infections
[23]
among patients with KLA . Our patient was a healthy
middle-aged woman and had no known putative
host risk factor such as history of diabetic mellitus
or immunodeficiency. Therefore, bacterial virulence
factors are more likely to be the predominant factor.
However, the K. pneumoniae strain was not further
investigated to determine the capsular serotype or
other virulence genes at the time.
Currently, there are no clear guidelines for the
management of invasive liver abscess syndrome.
A combination of early percutaneous drainage or
open (laparoscopic) surgical drainage of the abscess
and prompt appropriate antibiotic administration
is the standard protocol for treating this condition.
The majority of community acquired K. pneumoniae
isolates are resistant only to ampicillin and sensitive
[13]
to cephalosporins . No KLA-specific practice
guideline regarding antibiotic treatment exists so
far. In Taiwan, KLA patients without metastatic
complications receive standard treatments including
percutaneous pigtail catheter drainage and parenteral
sensitive antibiotics (cefazolin plus gentamicin) for
4-5 wk, and oral cephalosporin for the following 2-3
mo to prevent relapse. In patients with metastatic
complications, a third generation cephalosporin will
[24]
be recommended . A prospective clinical cohort
study from Singapore proposed a further 16 d (IQR
10-22) of intravenous therapy through the outpatient
parenteral antimicrobial treatment service, especially
[25]
when a prolonged intravenous antibiotic is required .
A multi-center clinical trial designed to compare the
efficacy of 4 wk of intravenous antibiotics to early stepdown to oral antibiotics in KLA patients is underway
[26]
in Singapore . With the advances in interventional
radiology, percutaneous drainage is more widely
[27]
used , but aggressive hepatic resection has been
observed to have a better prognosis for patients with
acute physiology and chronic health evaluation Ⅱ
[28]
(APACHE Ⅱ) scores of 15 or greater . In a series of
[29]
80 patients, Tan et al
found that for liver abscesses
larger than 5 cm, surgical drainage resulted in better
outcomes than percutaneous drainage in terms of
treatment success and the necessity for secondary
procedures.
In this report, we describe the first case of K.
pneumoniae invasive liver abscess syndrome with
purulent meningitis and septic shock in mainland

DISCUSSION
Both host and virulence factors contribute to the
pathogenesis of invasive liver abscess syndrome.
Apart from an impaired host defense, KLA has been
significantly associated with underlying diabetes
mellitus as compared to non-K. pneumonia primary
liver abscess, especially in the patients who developed
[20]
metastatic infection . It is generally accepted that
an increased blood-glucose level can inhibit phagocyte
chemotaxis, phagocytosis and bactericidal activity, and
contributes to bacterial growth and a compromised
[21,22]
host defense system
. But until now, existing
published data are still conflicting as to whether
diabetes is an independent risk factor for metastatic
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bacterial meningitis.

China. We present this rare case to raise concern
for this globally emerging invasive syndrome among
clinicians. This case not only illustrates K. pneumoniae
invasive liver abscess syndrome as a devastating
disease that can progress rapidly, but also the need
for urgent diagnosis and treatment. Inquiry into
comorbid history, careful physical examination,
dynamic radiological investigations of distal infection
sites, immediate and repeated bacteria cultures
and susceptibility tests are advocated for making
rapid detection and diagnosis of KLA and recognition
of possible invasive complications. Quick capsular
serotyping, bacteria-associated virulent factor de
tection, emergent specialist consultation and early
adequate drainage are recommended, aiming at early
diagnosis and appropriate treatment, thus preventing
catastrophic metastatic complications, minimizing
occurrence of sequelae and improving clinical outcomes
ultimately. Among them, prompt drainage and an
optimized antibiotic protocol remain the cornerstones of
therapy. As for the metastasis meningitis, consecutive
head CT scans are recommended.

Term explanation

K. pneumoniae invasive liver abscess syndrome is defined as K. pneumoniae
liver abscess with extrahepatic complications, which has high morbidity and
mortality.

Experiences and lessons

Dynamic image examination of distal infection sites and immediate and
repeated bacteria cultures are critical for recognition of possible invasive
complications due to K. pneumoniae liver abscess.

Peer-review

It was possible to isolate K. pneumoniae from CSF, so immediate and repeated
bacteria Gram staining and cultures are recommended, which will contribute to
rapid diagnosis of K. pneumoniae invasive liver abscess syndrome. But it’s still
a nicely written case report of an interesting case.
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TO THE EDITOR
We are writing to address concerns we have with the
[1]
paper by Zhao et al (Impact of enteral nutrition on
energy metabolism in patients with Crohn’s disease.
World J Gastroenterol 2015; 21: 1299-1304). The
first comment below appears to be an invalidating
error, the correction of which will plausibly alter the

Abstract
We report invalidating errors related to the statistical
approach in the analysis and data inconsistencies in a
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Kaiser KA et al . Statistical errors in Zhao et al , 2015
conclusions of the paper.
The authors draw conclusions for between group
differences based on differences in nominal significance
of within-group, pre-post differences (Tables 2 and 3,
[2]
Figure 1). This is statistically invalid , and therefore,
the paper’s conclusions are currently unsubstantiated.
Furthermore, even if statistically significant betweengroup differences were found using an appropriate
statistical analysis such as analysis of variance, given
that the article describes a non-experimental design,
use of the term “Impact” in the title implies causal
[3]
effects not justified by the design .
In review of this paper, other data-related problems
were identified of a more moderate nature that may
not impact the conclusions of the paper but require
correction: (1) The values given in the study are not
internally consistent. For example, age was listed as
having a mean of 33.4 at the end of the paragraph
sub-titled “Patients” on page 1300, but summarizing
the overall sample in Table 1 indicates it is 40.19. This
further conflicts with the description of the mean age
for men and women, which provides an overall mean
age of 38.21 (Results, page 1301); (2) The means
for REE from Figures 1 and 2 are also incompatible.
The Mean REE/kg in Figure 2 for Panel A, measured
REE is approximately 17 [before enteral nutrition (EN)
treatment]. The values for each group in Figure 1
average about 27 REE/kg in the before EN bars. Exact
data for these figures is not provided; and (3) the
means reported in Table 3 for the combined A and B
groups are not correct based on the values provided

Table 1 Corrected mean values for combined groups (active
A + B, n = 40) based on data reported for the groups
[1]
separately in Table 3

CRP
ESR
CDAI

Pre

Post

27.92
28.58
233.02

13.19
18.09
155.51

CDAI: Crohn’s disease activity index; CRP: C-reactive protein; ESR:
Erythrocyte sedimentation rate.

for groups A and B separately. Our calculations (Table
1) provide the above mean values different than those
reported.
We respectfully request that the authors address
these concerns to correct and clarify the scientific
record.
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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

Pradyumna K Mishra, Mumbai
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

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
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
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
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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

IV

Jacob Yahav, Rehovot
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
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Massimo Falconi, Ancona
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

WJG|www.wjgnet.com

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
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Diego García-Compeán, José Alberto González-González,
Emmanuel Irineo González-Moreno, Héctor Jesús MaldonadoGarza, Gastroenterology Service and Department of Internal
Medicine, University Hospital “Dr. José E. González” and Medical
School, Universidad Autónoma de Nuevo León, Monterrey 64320,
México
Fernando Javier Lavalle-González, Jesús Zacarías VillarrealPérez, Endocrinology Service and Department of Internal
Medicine, University Hospital “Dr. José E. González” and
Medical School, Universidad Autónoma de Nuevo León,
Monterrey 64320, México

Abstract
Diabetes mellitus (DM) that occurs because of chronic
liver disease (CLD) is known as hepatogenous diabetes
(HD). Although the association of diabetes and liver
cirrhosis was described forty years ago, it was scarcely
studied for long time. Patients suffering from this
condition have low frequency of risk factors of type
2 DM. Its incidence is higher in CLD of viral, alcoholic
and cryptogenic etiology. Its pathophysiology relates
to liver damage, pancreatic dysfunction, interactions
between hepatitis C virus (HCV) and glucose meta
bolism mechanisms and genetic susceptibility. It
associates with increased rate of liver complications
and hepatocellular carcinoma, and decreased 5-year
survival rate. It reduces sustained virological response
in HCV infected patients. In spite of these evidences,
the American Diabetes Association does not recognize
HD. In addition, the impact of glucose control on
clinical outcomes of patients has not been evaluated.
Treatment of diabetes may be difficult due to liver
insufficiency and hepatotoxicity of antidiabetic drugs.
Notwithstanding, no therapeutic guidelines have been
implemented up to date. In this editorial, authors
discuss the reasons why they think that HD may be a
neglected pathological condition and call attention to
the necessity for more clinical research on different
fields of this disease.
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fat) and pancreatic β cell dysfunction, with the former
accounting for transition from impaired glucose
tolerance to DM and worsening in parallel with
[2,8,9]
the severity of liver disease
. Liver dysfunction
exerts a ‘‘toxic” effect on pancreatic islets, playing a
major pathophysiological role in the development of
[2]
diabetes . In fact, HD usually reverses or ameliorates
after successful liver transplant, thus suggesting that it
[10,11]
directly relates to loss of liver function
.
In addition, recently described evidences of
direct interactions of HCV with glucose metabolism
mechanisms in non-cirrhotic patients, have placed the
[12,13]
HCV also as a diabetogenic agent
. Autoimmune
phenomena, direct cytotoxic effects on pancreatic
β cells and a blockage of insulin receptors at the
cellular level induced by HCV proteins have been
[14-16]
demonstrated
. HCV core up regulates suppressor
of cytokine signaling 3 expression that induces
proteosomal degradation of insulin receptor substrates
1 and 2 (which are central molecules of the insulin[17]
[18]
signaling cascade) and increases gluconeogenesis .
In one study, the clearance of HCV with antiviral
therapy in patients with chronic hepatitis C, significantly
reduced insulin resistance, improved pancreatic β cell
function and increased hepatic expression of insulin
[19]
receptor substrate 1 and 2 . Notwithstanding, these
relevant findings need to be reproduced in prospective
studies with large number of patients.
Furthermore, in alcoholic CLD, pancreatic damage
[10,20]
may be involved in the genesis of diabetes
. Finally,
genetic factors rather than only liver or pancreatic
damage may also be involved in the susceptibility to
develop HD as it was shown in a recent study with
367 patients with liver cirrhosis of diverse etiology.
Polymorphisms of the transcription factor 7-like 2
gene, (a gene that has been associated with DM and
[21]
cancer risk) were significantly associated with HD .
In the other side, diagnosis of HD may be difficult
since clinical manifestations of HD in the early stages
of liver disease are virtually absent. Fasting plasma
glucose may be normal. Only insulin resistance
(measured by HOMA-IR Index) and glucose intolerance
detected by OGTT may be observed. As liver disease
progresses, diabetes becomes clinically manifested,
therefore overt HD may be considered as a marker
[22]
of liver function deterioration . When diabetes is
overt, discrimination between HD and type 2 DM may
be difficult. HD should be suspected in lean patients
without family history of diabetes, hyperlipidemia or
arterial hypertension. In a recent study comparing
patients with HD vs patients with type 2 DM, the ratios
of postprandial plasma glucose to fasting plasma
glucose, fasting insulin and HOMA-Insulin Resistance
[23]
index were significantly higher in patients with HD .
What is the importance of diagnosing HD? For
answering this question, it is mandatory to be aware
of the impact of this entity on the clinical outcomes
of patients with CLD. Though some reports described
the diabetogenic nature of liver cirrhosis four decades

Core tip: The authors expose arguments, which indicate
that hepatogenous diabetes has not received enough
attention for many years. They provide published
evidences that make them to propose that this entity
should be considered as a complication of chronic
liver disease, and that an oral glucose tolerance test
must be done to patients without previous diabetes
mellitus showing normal fasting plasma glucose
levels. They also propose that an adequate treatment
of hyperglycemia with liver friendly-drugs must be
undertaken for reducing complications and mortality.
They also highlight the lack of research on longterm treatment of diabetes and the lack of treatment
recommendations for these vulnerable patients.
García-Compeán D, González-González JA, Lavalle-González
FJ, González-Moreno EI, Villarreal-Pérez JZ, Maldonado-Garza
HJ. Hepatogenous diabetes: Is it a neglected condition in chronic
liver disease? World J Gastroenterol 2016; 22(10): 2869-2874
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i10/2869.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i10.2869

One of the most important questions regarding
chronic liver disease (CLD) and diabetes mellitus
(DM) association relates to the clinical implication of
this relationship. Currently, it is known that patients
with CLD may have two types of DM: hereditary Type
2 DM and hepatogenous diabetes (HD). The former
one is frequently associated to metabolic syndrome
that gives rise to non-alcoholic fatty liver disease,
liver cirrhosis and hepatocellular carcinoma (HCC).
The latter one appears after onset of liver disease.
HD can be identified in CLD patients without previous
history of DM in the absence of standard risk factors
of type 2 DM such as high body mass index, family
[1]
history of diabetes and hyperlipidemia . It has been
reported that around 80% to 85% of these patients even those with normal fasting glucose levels - may
[2,3]
have glucose intolerance or DM . This abnormality is
higher in patients with liver disease due to hepatitis C
virus (HCV), alcoholic and cryptogenic etiology. Despite
[4]
these evidences, the American Diabetes Association
does not recognize HD.
Although the diabetogenic potential of liver
[5]
cirrhosis was initially described in the 60’s , Petrides
[6]
et al first used the term HD in the 90’s. Its use did
not extend, probably because the concept was then
misunderstood.
HD may result from decreased extraction of
insulin by the damaged liver and the presence of
portosystemic shunts that lead to hyperinsulinemia,
which is potentiated by increases in glucagon, growth
hormone, insulin-like growth factor, free fatty acids
[7]
and cytokines . These abnormalities induce insulin
resistance of peripheral tissues (muscles, liver and
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ago, only three prospectively conducted studies
[24-26]
have assessed its impact on survival up to date
.
All of them demonstrated that HD was significantly
associated with lower 5-year cumulated survival. The
majority of deceased patients died of liver-related
causes. They also found that besides HD, liver failure
and old age were independent predictors of death,
which suggest that these conditions may combine
[24-26]
synergistically
.
HD is also associated with increased rate of
liver complications such as hepatic encephalopathy,
esophageal variceal hemorrhage, spontaneous primary
[27-30]
peritonitis and renal impairment
. In HCV infected
patients, HD and insulin resistance are significantly
associated with liver fibrosis, increased complications
[31,32]
and mortality rates
. HD also associates with
decreased sustained virological response rates to inter
[16,33]
feron-based treatments
. Unexpectedly, reported
cardiovascular complications are low compared to
[24-26]
liver-related ones
. This may be explained because
of presumptive acceleration of liver failure induced
by HD probably shortens the time in which diabetic
cardiovascular complications can take place. In addition,
coagulation impairment induced by liver failure, which
would act as protective factor, has been evoked.
In the other side, pre-transplant DM is a risk factor
[34]
for the development of diabetes after transplant .
This post-transplant diabetes associates with increased
[35,36]
mortality, infections and acute graft rejection
.
Therefore, identification of HD before transplant is of
primary importance in order to improve post-transplant
outcomes.
Finally, DM and glucose intolerance were found to
be associated with the development of HCC and biliary
tract cancer in a study with infected HCV patients and
in a large European cohort of individuals with self[37,38]
reported diabetes data
. In addition, diabetes was
associated with significant lower cumulative survival
[37]
rate in male patients with HCC and HCV . It is
unclear how diabetes influences hepatocarcinogenesis.
Oxidative stress may be an important factor, also
hyperinsulinemia, which acts as growth factor through
activation of 5’ adenosine monophosphate-activated
[39]
protein kinase, may be involved . Recent studies
suggested that liver inflammation, induced by diabetes,
might lead to exposure of hepatocytes to increased
activation of signaling pathways, followed by lack of
[40]
apoptosis and uncontrolled hepatocyte proliferation .
The mechanism by which HD may deteriorate
liver function giving rise to adverse outcomes is
not precisely known. It may increase fibrosis and
inflammation through the activity of pro-inflammatory
and fibrogenic adipokynes such as: tumor necrosis
factor alpha, tumor growth factor beta-1, resistin,
[41-43]
leptin, hepatic growth factor and adiponectine
.
In addition, immunosuppression induced by HD, may
also be involved in mortality by increasing incidence
[27]
of infections . More studies are necessary in order to
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clear these issues.
Based on the above-discussed evidences, HD
should be considered as a complication of CLD in the
same way as hepatic encephalopathy, ascites, portal
hypertension or hepatorenal syndrome. In addition,
the described differences between hereditary type 2
DM and HD regarding pathophysiology, risk factors,
clinical features, effects on outcome and therapeutic
results are strong reasons for diagnosing them as
separated entities.
Whether or not, therapeutic control of hyperglycemia
reduces complications and mortality rates of patients
[3]
with HD is unknown . Pharmacological treatment of
diabetes is challenging and may be potentially harmful,
particularly in those from Child-Pugh C group, due to
altered drug metabolism and increased susceptibility of
[44,45]
hypoglycemia and lactic acidosis
. Probably due to
this reason, adequate control of hyperglycaemia can be
achieved in only one third of patients, as was recently
[46,47]
reported
. In addition, therapeutic guidelines or
recommendations have not been established for these
patients, and only few studies have assessed the longterm safety of antidiabetic drugs in CLD patients,
[44]
particularly in those with severe liver failure . In spite
of this lack of information, it is highly recommended
to undertake an adequate control of plasma glucose
levels through diet and lifestyle changes as soon as
HD can be detected. For pharmacological treatment,
sulphonylureas should be avoided in case of hepatic
[48]
impairment . Pioglitazone, metformin and acarbose
have been proved safe and efficacious therapeutic
[45]
agents . Metformin has been administered during a
mean period of 8 years with low frequency of noxious
side effects, even in patients with moderate and
advanced liver insufficiency. This medication reduced
mortality and hepatocellular cancer in diabetic patients
[49,50]
with liver cirrhosis
. It was suggested that there is
an independent association of the use of exogenous
insulin and sulphonylureas with the development of
HCC and extrahepatic cancer. A recently published
metanalysis, that evaluated whether the use of
antidiabetic medications has any influence on the
risk of HCC, showed metformin as protective agent
and sulphonylureas and insulin as negative factors.
Nevertheless, there was a high heterogeneity among
studies included in the analysis and post-hoc analysis
of randomized controlled trial did not reveal significant
association between antidiabetic medications use
[51]
and the risk of HCC . More prospective studies are
required for clearing if insulin therapy or sulphonylureas
use increase the risk of HCC in CLD patients.
Currently, incretin-based therapies, composed
by drugs that target the incretin system and are
not metabolized by the liver (such as injectable
glucagon-like peptide-1 receptor agonists and oral
inhibitors of dipeptidylpeptidase-4), are being assayed
in cirrhotic patients and seem to be promising. In
contrast to old glucose-lowering agents, these new
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drugs were evaluated in specifically designed acute
pharmacokinetic studies in patients with various
degrees of hepatic impairment, and their safety was
[52]
carefully analyzed in large clinical trials . In patients
from Child-Pugh C group and decompensated liver
disease, insulin administration should be started only
[53,54]
in in-hospital patients
.
Finally, pending further research on these issues
and based on the evidences currently available, we
propose to undertake the following recommendations
for CLD patients care: (1) Search DM in all patients. An
OGTT must be done to patients without previous DM
[2,24-26]
showing normal fasting plasma glucose levels
;
(2) Classify DM as HD or T2 DM based on clinical
[1]
and biochemical features previously described ;
(3) Monitor liver and cardiovascular complications in
patients with HD; (4) Begin a timely treatment of HD.
For pharmacological therapy, liver function must be
[44,45]
taken into account. Use only liver-friendly drugs
;
(5) In HCV infected patients, administer preferably
insulin sensitizers in order to increase sustained
virological response to antiviral therapy; (6) Search DM
before transplant in order to administer a treatment
[34-36]
for improving post-transplant outcomes
; and (7)
In Child-Pugh C patients with decompensated liver
function start therapy with hypoglycemic drugs or
insulin preferably in in-hospital patients.
Certainly, the precise value of some of the aboveproposed recommendations on the clinical outcomes
of patients with CLD has not rigorously been assessed
in well-conducted and high-quality clinical studies.
Such studies will be welcomed since their information
will allow the improvement of therapeutic results and
clinical outcomes of these vulnerable patients. In
addition, therapeutic guidelines diligently elaborated
and supervised by endocrinologists and hepatologists
together are extremely necessary.
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D2 procedure has been accepted in Far East as the
standard treatment for both early (EGC) and advanced
gastric cancer (AGC) for many decades. Recently
EGC has been successfully treated with endoscopy
by endoscopic mucosal resection or endoscopic
submucosal dissection, when restricted or extended
Gotoda's criteria can be applied and D1+ surgery is
offered only to patients not fitted for less invasive
treatment. Furthermore, two randomised controlled
trials (RCTs) have been demonstrating the non infe
riority of minimally invasive technique as compared to
standard open surgery for the treatment of early cases
and recently the feasibility of adequate D1+ dissection
has been demonstrated also for the robot assisted
technique. In case of AGC the debate on the extent
of nodal dissection has been open for many decades.
While D2 gastrectomy was performed as the standard
procedure in eastern countries, mostly based on
observational and retrospective studies, in the west the
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[2]

Medical Research Council (MRC), Dutch and Italian RCTs
have been conducted to show a survival benefit of D2
over D1 with evidence based medicine. Unfortunately
both the MRC and the Dutch trials failed to show a
survival benefit after the D2 procedure, mostly due to
the significant increase of postoperative morbidity and
mortality, which was referred to splenopancreatectomy.
Only 15 years after the conclusion of its accrual, the
Dutch trial could report a significant decrease of recur
rence after D2 procedure. Recently the long term
survival analysis of the Italian RCT could demonstrate
a benefit for patients with positive nodes treated with
D2 gastrectomy without splenopancreatectomy. As
nowadays also in western countries D2 procedure can
be done safely with pancreas preserving technique and
without preventive splenectomy, it has been suggested
in several national guidelines as the recommended
procedure for patients with AGC.

of the General Rules of JRSGC , which were widely
accepted and adopted in many countries, regional
lymph nodes were classified into 16 stations by their
location (Table 1, figure 1A).
In 1997, the JRSGC was transformed into the
Japanese Gastric Cancer Association and this new
association has maintained its commitment to the
concept of the Japanese Classification. The aim of
this classification is to provide a common language
for the clinical and pathological description of gastric
cancer. In the newest classification of the Japanese
Gastric Cancer Association (JGCA), there is a very
comprehensive description of regional lymph node, as
[3]
follow .

Anatomical definition of lymph nodes and lymph node
regions

The regional lymph nodes of the stomach are classified
into stations numbered as in Table 2, from 1 to 20,
plus stations 110, 111 and 112. Some of lymph node
stations numbered from 1 to 20 have been subdivided
in further subsets of nodes (Figure 1b and c). Lymph
node stations 1-12 and LN station 14v are defined as
regional stations; the remnant lymph node stations are
considered as distant stations and metastases to these
nodes are classified as M1. Lymph nodes No. 19, 10,
110 and 111 are considered as regional lymph nodes
in case of tumor invading the esophagus.
lymph node metastasis (N) are classified as
follows: (1) NX: regional lymph nodes cannot be
assessed; (2) N0: no regional lymph nodes metastasis;
(3) N1: metastasis in 1-2 regional lymph nodes; (4)
N2: metastasis in 3-6 regional lymph nodes; and (5)
N3: metastasis in 7 or more regional lymph nodes;
N3a, metastasis in 7-15 regional lymph nodes; N3b,
metastasis in > 15 regional lymph nodes. In 2011
the JGCA published the Japanese gastric cancer
[4]
rd
treatment guidelines 2010 (ver. 3) based on the 3
English edition of the Japanese Classification of Gastric
[3]
Carcinoma , which defined the extent of systematic
lymphadenectomy according to the type (distal or
total) of gastrectomy indicated. These guidelines
report which lymph node stations are expected to
be removed to perform a correct D1, D1+ or D2 in
case of both distal and total gastrectomy (see chapter
“definition of different levels of lymph node dissection).

Key words: gastric cancer; lymph node dissection;
lymphadenectomy; D2 gastrectomy; D1 gastrectomy;
D1 plus gastrectomy; robot assisted lymphadenectomy;
laparoscopic lymphadenectomy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently early gastric cancer and advanced
gastric cancer (AGC) has been successfully treated
endoscopically; surgery is offered only to patients
not fitted for less invasive treatment and in several
guidelines D1+ (open, laparoscopic, robotic) is the
adequate treatment. For AGC, while D2 gastrectomy
is the standard procedure in eastern countries, mostly
based on retrospective studies, in the west different
randomised controlled trials have been conducted to
demonstrate a survival benefit of D2 over D1 with
evidence based medicine, with contradictory results.
As nowadays D2 gastrectomy can be done safely
with pancreas and spleen preservation, it has been
suggested also in several western guidelines as the
recommended procedure for patients with AGC.
Degiuli M, De Manzoni G, Di Leo A, D’Ugo D, Galasso E,
Marrelli D, Petrioli R, Polom K, Roviello F, Santullo F, Morino M.
Gastric cancer: Current status of lymph node dissection. World
J Gastroenterol 2016; 22(10): 2875-2893 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i10/2875.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i10.2875

ANATOMICAL BORDERS OF LOCOREGIONAL LYMPH NODES

INTRODUCTION

The strategy of lymph node dissection is based on
a perfect knowledge of the anatomy of the upper
abdominal vessels, which are usefull landmarks in the
operating fields.
We will describe systematically all the locoregional
lymph node stations, with particular regards to their
anatomical and vascular borders.

The Japanese Research Society for Gastric Cancer
(JRSGC) published the first edition of the General Rules
[1]
for Gastric Cancer Study in 1973 . In fact, several
lymph node studies performed in the 50’s and 60’ in
Japan revealed pathways of lymph node drainage.
Following these studies, in the first English edition
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Table 1 Numbering of lymph nodes according to the old classification of Japanese Research Society for Gastric Cancer (1962)
Station nr

Station nr

1
2
3
4
5
6
7
8

Right cardiac nodes
Left cardiac nodes
Nodes along the lesser curvature
Nodes along the greater curvature
Suprapyloric nodes
Infrapyloric nodes
Nodes along the left gastric artery
Nodes along the common hepatic artery

A

9
10
11
12
13
14
15
16

B

Nodes around the coeliac axis
Nodes at the splenic hilus
Nodes along the splenic artery
Nodes in the hepatoduodenal ligament
Nodes at the posterior aspect of the pancreas head
Nodes at the root of the mesenterium
Nodes in the mesocolon of the transverse colon
Para-aortic lymph nodes

APIS

AGB

AGES

VGED

VCM
VCDA
VCD

C

110
111
19

112

Figure 1 locations of lymph node station. A: Numbering and locations of lymph node station according to the first edition of the General Rules of the JRSGC; B:
Location of lymph node stations in the posterior area; C: Location of lymph node stations in subphrenic area. JRSGC: Japanese Research Society for Gastric Cancer;
APIS: arteria phrenica inferior sinistra; AGB: arteriae gastricae breves; AGES: arteria gastroepiploica sinistra; VGED: Vena gastroepiploica dextra; VCDA: Vena colica
dextra accessoria; VCM: Vena colica media; VCD: Vena colica dextra.

Location number 1 (right paracardial nodes)

Location number 3 (lesser curvature nodes)

Location number 2 (left paracardial nodes)

Location number 4 (greater curvature nodes)

Perigastric lymph nodes on the right side of the cardia;
they are located along the cardio-esophageal branch
of the left gastric artery, from its origin from the left
gastric artery to the oesophageal hiatus.

Perigastric lymph nodes at the lesser curvature,
located along the inferior (descending) branch of the
left gastric artery and along the right gastric artery
distal to the first gastric branch.

Perigastric lymph nodes on the left side of the cardias,
located along the cardio-oesophageal branch of the left
inferior phrenic artery.

WJG|www.wjgnet.com

Perigastric lymph nodes at the greater curvature.
This lymph node station is divided into a left (4s) and
right (4d) part defined by the Von Ghoete point (the
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Table 2 Anatomical definitions of lymph node stations
Nr.

Definition

1
2
3a
3b
4sa
4sb
4d
5
6

Right paracardial LNs, including those along the first branch of the ascending limb of the left gastric artery
Left paracardial LNs including those along the esophagocardiac branch of the left subphrenic artery
Lesser curvature LNs along the branches of the left gastric artery
Lesser curvature LNs along the 2nd branch and distal part of the right gastric artery
Left greater curvature LNs along the short gastric arteries (perigastric area)
Left greater curvature LNs along the left gastroepiploic artery (perigastric area)
Rt. greater curvature LNs along the 2nd branch and distal part of the right gastroepiploic artery
Suprapyloric LNs along the 1st branch and proximal part of the right gastric artery
Infrapyloric LNs along the first branch and proximal part of the right gastroepiploic artery down to the confluence of the right gastroepiploic
vein and the anterior superior pancreatoduodenal vein
LNs along the trunk of left gastric artery between its root and the origin of its ascending branch
Anterosuperior LNs along the common hepatic artery
Posterior LNs along the common hepatic artery
Coeliac artery
Splenic hilar LNs including those adjacent to the splenic artery distal to the pancreatic tail, and those on the roots of the short gastric arteries
and those along the left gastroepiploic artery proximal to its 1st gastric branch
Proximal splenic artery LNs from its origin to halfway between its origin and the pancreatic tail end
Distal splenic artery LNs from halfway between its origin and the pancreatic tail end to the end of the pancreatic tail
Hepatoduodenal ligament LNs along the proper hepatic artery, in the caudal half between the confluence of the right and left hepatic ducts and
the upper border of the pancreas
Hepatoduodenal ligament LNs along the bile duct, in the caudal half between the confluence of the right and left hepatic ducts and the upper
border of the pancreas
Hepatoduodenal ligament LNs along the portal vein in the caudal half between the confluence of the right and left hepatic ducts and the upper
border of the pancreas
LNs on the posterior surface of the pancreatic head cranial to the duodenal papilla
LNs along the superior mesenteric vein
LNs along the middle colic vessels
Paraaortic LNs in the diaphragmatic aortic hiatus
Paraaortic LNs between the upper margin of the origin of the celiac artery and the lower border of the left renal vein
Paraaortic LNs between the lower border of the left renal vein and the upper border of the origin of the inferior mesenteric artery
Paraaortic LNs between the upper border of the origin of the inferior mesenteric artery and the aortic bifurcation
LNs on the anterior surface of the pancreatic head beneath the pancreatic sheath
LNs along the inferior border of the pancreatic body
Infradiaphragmatic LNs predominantly along the subphrenic artery
Paraesophageal LNs in the diaphragmatic esophageal hiatus
Paraesophageal LNs in the lower thorax
Supradiaphragmatic LNs separate from the esophagus
Posterior mediastinal LNs separate from the esophagus and the esophageal hiatus

7
8a
8p
9
10
11p
11d
12a
12b
12p
13
14v
15
16a1
16a2
16b1
16b2
17
18
19
20
110
111
112

LNs: lymph nodes.

Location number 7 (left gastric artery nodes)

point where right and left gastropepiploic arteries
meet each other at full channel). Furthermore the left
part is divided into a proximal (4sa) and a distal part
(4sb). Lymph nodes of the proximal part of left group
4 (4sa) are located around the short gastric arteries
while lymph nodes of the distal part (4sb) are located
along the left gastroepiploic artery. Lymph nodes of
the right part of group 4 are located along the right
gastroepiploic artery, distal to the first gastric branch.

second tier lymph nodes located along the left gastric
artery, from its origin from the coeliac trunk till its
bifurcation into the cardioesophageal (ascending) and
lower (descending) branches on the lesser curvature.

Location number 8 (common hepatic artery nodes)

second tier nodes located around the common hepatic
artery from its origin from the coeliac trunk to the
branching off of the gastroduodenal artery. These
lymph nodes are divided into an anterior part, 8a, and
a posterior part, 8p (Figure 2).

Location number 5 (suprapyloric nodes)

Perigastric lymph nodes at the lesser curvature,
located at the origin of the right gastric artery including
its first gastric branch.

Location number 9 (coeliac trunk nodes)

second tier lymph nodes located around at the celiac
axis including the origins of the common hepatic artery
and splenic artery (Figure 2).

Location number 6 (infrapyloric nodes)

Perigastric lymph nodes at the greater curvature of the
pylorus, located along the right gastroepipolic vessels
from their origin from the gastroduodenal vessels till
their first branches directed to the gastric wall.

WJG|www.wjgnet.com
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16a1
9

12a

16a1

11p

16a2
8a

16b1
12p

8p

12b

16b2

Figure 2 Complete lymph node removal along the hepatic pedicle (lymph
node station nr 12a, 12b and 12p), common hepatic artery (lymph node
station nr 8a and 8p), splenic artery (lymph node station nr 11p), coeliac
axis (lymph node station nr 9).

Figure 3 Anatomical borders of lymph node station nr 16.

site of the primary tumor) along the origin of the
superior mesenteric vein (VMS) (14 v) and M nodes
along the origin of the superior mesenteric artery (AMS),
at the root of the mesenterium. The lateral border is
represented by the branching of the gastrocolic vein
(TGC); the lower border is located at the branching off
of the middle colic vein from the VMS and the upper
border is represented by the origin of the AMS at the
lower hedge of the pancreas.

splenic hilus, distal to the tip of the pancreas tail. At
the lower pole of the spleen, the first gastric branch
of the left gastroepiploic artery defines the vascular
border between 10 and 4sb lymph nodes.

Location number 11 (splenic artery nodes)

Second tier nodes located along the splenic artery.
These nodes have been divided into a proximal part,
11p, located around the splenic artery, from its origin
from the celiac axis, till the branching off of the posterior
gastric artery; and into a distal part, 11d, located
around the splenic artery from the branching off of the
posterior gastric artery to the tip of the pancreas tail
(Figure 2).

Location number 15 (middle colic nodes)

M nodes located in the transverse mesocolon around
the middle colic vessels, from their origin from the
superior mesenteric vessels, till the mesocolic hedge of
the transverse colon.

Location number 16 (aortic hiatus -a1, middle -a2/b1 and
caudal -b2 paraaortic nodes)

Location number 12 (hepatoduodenal ligament nodes)

Location number 16 includes in fact 4 separate groups
of lymph nodes. All of them are nodes around the
abdominal aorta and inferior vena cava. The groups are
the following: 16a1, M nodes around the aortic hiatus,
over the anterior side of the aorta, from the inferior
hedge of the hiatus to the upper border of the coeliac
trunk; 16a2, M nodes located over the anterior side of
the aorta, from the coeliac trunk to the lower hedge of
the left renal vein; 16b1, third tier nodes located around
the anterior face of the aorta and vena cava, from the
lower hedge of the left renal vein to the upper border of
the inferior mesenteric artery; right and left border are
defined by the right hedge of the inferior vena cava and
by the left ovarian (spermatic) vessels; 16b2, M nodes
located around the anterior face of the aorta and vena
cava, from the upper border of the inferior mesenteric
artery to the aortic bifurcation (Figure 3).

second and third tier nodes (according to the site of
the primary tumor) at the hepatoduodenal ligament.
These nodes have been divided into 3 parts: left
hepatoduodenal ligament nodes (12a), located at the
left side of the proper hepatic artery; and posterior
hepatoduodenal ligament nodes (12b and 12p), again
divided into nodes located at the right and posterior
side of the common hepatic duct (12b) and into nodes
located posteriorly to the portal vein (12p) (Figure 2).

Location number 13 (retropancreatic nodes)

third tier and M nodes, (according to the site of
the primary tumor), along the superior and inferior
branches of the posterior pancreaticoduodenal artery,
located over the posterior side of the pancreas head.
The left lateral border of this location is marked by the
portal vein, while the upper border is represented by
the origin of locations 12b and 12p.

DEFINITIONS OF DIFFERENT LEVELS OF
LYMPH NODE DISSECTION

Location number 14 (superior mesenteric vein and
artery nodes)

In the Japanese gastric cancer treatment guidelines

second and third tier and M nodes (according to the
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rd

2010 (ver. 3) based on the 3 English edition of the
Japanese Classification of Gastric Carcinoma, the JGCA
defined the extent of systematic lymphadenectomy
[4]
according to the type of gastrectomy indicated .
For total gastrectomy, the lymph nodes stations
to be dissected in D1 lymphadenectomy are stations
from No.1 to 7; D1+ includes D1 stations plus stations
No.8a, 9, and 11p, and D2 includes D1 stations plus
stations No.8a, 9, 10, 11p, 11d, and 12a. For tumors
invading the esophagus, D1+ includes N0. 110 and D2
includes Nos. 19,20,110 and 111.
For distal gastrectomy, the lymph nodes stations
to be dissected in D1 lymphadenectomy are stations
No.1, 3, 4sb, 4d, 5, 6 and 7; D1+ includes D1 stations
plus stations No.8a, and 9, and D2 includes D1
stations plus stations No.8a, 9, 11p, and 12a.

which involves the removal of stations 12a and 11p in
subtotal gastrectomy, and stations 12a, 11d and 10 in
[4]
total gastrectomy .
In South Korea the treatment approach to early
[10]
forms is similar . In a recent study from Seoul
National University Hospital (SNUH) the appropriate
extent of lymph node (LN) dissection in lower third
was evaluated analysing LN metastasis patterns
from a prospective topographic database, using
[11]
the Maruyama Index of unresected disease . The
evaluated risk of lymph node metastasis in stations
8-12 led the Authors to conclude that the D1 dissection
plus stations 7 and 8a for mucosal cancer, and an
expanded dissection to the D2 level for submucosal
cancer should be considered to ensure complete
removal of metastatic LNs.
In the West, the clinical setting is rather different
from East Asia. In a large series of resected EGC from
the Italian Research Group for Gastric Cancer (GIRCG)
database, submucosal invasion, Lauren diffuse/mixed
type, Kodama Pen A type and tumor size were found
to be associated with an increased risk of lymph node
[12]
metastases . The risk of positive nodes is particularly
high in diffuse-mixed type, an aggressive form of
gastric cancer with special propensity to lymph node
metastasis and peritoneal dissemination in advanced
[13]
forms . In the West, the decreasing incidence of
gastric cancer is mainly due to the decreasing number
of intestinal type tumors of the distal third; as such,
proximal tumors and diffuse-mixed type show a
relative increase, and surgeons will more frequently
[14,15]
face with this aggressive form of gastric cancer
.
Furthermore, endoscopic resections, which are
treatment but also staging procedures, are much less
adopted in the West, even if their implementation in
clinical practice is increasing, above all in specialized
[16]
centers ; as a consequence the diagnosis of EGC
is clinically-based in most cases. Despite the recent
advancement of staging procedures (CT scan,
endoscopic US), the risk of a clinical understaging is
still considerable, and this may be associated with a
potentially fatal undertreatment, as the probability
of advanced nodal status in non-early forms of
[15]
gastric cancer in Western patients is notable . For
these reasons, the GIRCG guidelines advice a D2
lymphadenectomy in clinically early forms not suitable
[17]
for endoscopic treatment . Special attention should
be given to the removal of infra-pyloric nodes (number
6), which are the most commonly involved in EGC
of the distal stomach, above all in the diffuse-mixed
type, and to station 1 (in subtotal gastrectomy) as well
as to lymph node stations from 7 to 12 (station 10 is
optional). The D2 dissection is associated with a limited
risk of complications and postoperative mortality in
the West, above all when performed in specialized
centers and when avoiding unnecessary splenectomy
[14,18]
or spleno-pancreatectomy
. Only in selected
cases (high-risk patients, early forms with favourable
pathological characteristics) more limited procedures

LYMPH NODE DISSECTION FOR EARLY
GASTRIC CANCER
The extent of lymphadenectomy in early gastric
cancer (EGC) is strongly dependent from lymph
nodal spread of early forms. It is well known that
the probability of lymph node metastasis in EGC
is much lower than in advanced forms. However,
the risk ranges notably according to pathological
characteristics of EGC. Invasion of submucosa, tumor
grading, size, macroscopic appearance, and lymphovascular invasion have been identified as strong risk
[5]
factors for lymph node metastases in EGC . As a
consequence, these factors are taken into account for
establishing the indications to endoscopic resection
procedures (endoscopic mucosal resection, EMR, or
endoscopic submucosal dissection, ESD) in the JGCA
[4-6]
guidelines . According to these predictive factors,
subgroups of patients with virtual no risk of lymph
node metastases have been identified. The resection is
judged as curative when all of the following conditions
are fulfilled: en-bloc resection, tumor size not greater
than 2 cm, histology of intestinal-differentiated-type,
pT1a, negative horizontal (lateral) margin, negative
vertical margin, and no lymphovascular invasion. The
JGCA “expanded” criteria tend to include larger tumor
size, ulcerated or submucosal invading forms, and
selected undifferentiated tumors in the indications to
[7,8]
endoscopic treatment . However, expanded criteria
are not universally accepted and need validation in
[9]
series outside East Asia .
In early forms not suitable for endoscopic treat
ment, the JGCA guidelines advice a D1 or D1 plus
lymphadenectomy in cases with clinically negative
[4]
nodes . The D1 lymphadenectomy involves the
removal of perigastric lymph nodes and station
number 7, whereas in the D1 plus the lymph node
stations 8a and 9 for subtotal gastrectomy, with the
addition of station 11p for total gastrectomy, should
be dissected. When lymph nodes are clinically positive,
JGCA treatment guidelines advice a D2 dissection,
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are adviced by the GIRCG group (D1 plus).
In any case, long term results reported in
previous studies should be considered to optimize
treatment approach. Surgical treatment with adequate
lymphadenectomy could offer a high probability of
cure even in Western patients. Survival rates in early
stages reported from specialized Western centers are
[19,20]
very similar to those obtained in Eastern series
.
Selected forms can be treated by endoscopic approach,
in accordance with the JGCA criteria, with acceptable
[16,21]
results even in the West
. However, it should be
emphasized that lymph node status is the strongest
prognostic factor for EGC. Whereas 5-year and
10-year cancer-related survival of 98% and 95% can
be achieved in pT1N0 cases treated with appropriate
lymphadenectomy, these rates fall to 70%-80% in
pT1N1/N2, and less than 30% when more than 6
[12,20]
lymph node are involved
. In T1N3a cases, the
risk of recurrence could exceed 50%, reaching 80% in
[22]
pT1N3b . In Western patients, EGC with advanced
nodal status should be considered very aggressive
forms, requiring appropriate surgical and adjuvant
treatments.
Early forms could also be treated by minimallyinvasive (laparoscopic or robotic) approach, which
demonstrated non-inferior oncological results than
[23,24]
open surgery in recent studies
. However, it should
be emphasized that oncological criteria regarding
resection margin and lymph node dissection need to
be carefully followed in minimally-invasive procedures.

has always raised great interest. In Asian countries
extended lymphadenectomy seems to give superior
[38-42]
results in terms of survival and recurrence
:
this could be explained by the Asian larger surgical
[18,38,43-46]
experience with this kind of dissection
and by
the younger age of Asian patients, who therefore have
[38,47]
fewer comorbidities
, and less abdominal fat with
[46]
a consequent easier feasibility of the procedure .
A criticism that Western surgeons have advocated is
that Japanese- and Asian in general-results were often
provided by retrospective surveys and non-randomized
[38,45,48]
studies
.
On the contrary in Western countries D2 lympha
denectomy was not considered a standard procedure
[27,35,43]
in the clinical practice
: the lower incidence of
this tumour and the consequent less confidence of
western surgeons in this procedure is surely one of
the reasons. D2 is a complicated and challenging
surgical technique and a proper training is mandatory.
In addition, according to former studies [mainly
[38,45,46,49]
Western randomized clinical trials (RCTs)
and
[50-54]
subsequent reviews
] D2 seemed associated with
higher rate of surgical complications and higher perioperative mortality, without a real survival benefit.
Driven by these results, Western surgeons have always
preferred the limited dissection.
Recent data have undermined this historical
preference and started to change Western point of
view on D2 lymphadenectomy. In fact it has been
[28,45-48,55-58]
demonstrated
that the higher rate of
mortality and surgical complications with D2 procedure
were mostly related to distal pancreatectomy and/
or splenectomy, which previously were included in
the standard D2 lymphadenectomy and considered
necessary for an adequate nodal dissection. Older
[18,36,44,47-52]
studies
included in the D2 group all patients
treated with distal pancreatectomy and splenectomy:
these patients had a higher mortality rate and a
higher incidence of surgical complications (such as
fistulas, re-intervention, anastomotic leakage etc.)
which influenced their outcome. On the contrary in
[18,28,43,44,53]
more recent studies
subsites of patients that
underwent splenopancreatectomy and patients with
spleen and/or pancreas preservation are analysed
separately.
Furthermore it has been shown that even in
Western countries, after a proper training, surgeons
can safely perform a D2 gastrectomy when spleen and
pancreas are preserved, leading to lower morbidity
and mortality rates and to a safer lymph node
[18,44,58]
dissection
.
Last but not least the 15 year-follow up of the
[28]
famous Dutch study
has demonstrated that locoregional recurrence rate is significantly lower in
patients treated with D2 lymphadenectomy vs patients
who underwent D1 dissection, showing a survival
benefit with the enlarged dissection.
Here after some of the most significant studies,
RCTs, reviews and meta-analysis -over D1 vs D2 are

D2 LYMPH NODE DISSECTION FOR
ADVANCED GASTRIC CANCER
Gastric cancer is one of the leading causes of death for
[25,26]
cancer worldwide
. In the latest decades in Eastern
countries national screening programs have brought
to earlier and widespread diagnosis while in Western
countries diagnosis is often late, due to the lack of
[27]
surveillance strategies . In all the cases surgery is
indeed the standard of care for all resectable tumours:
radical gastrectomy with regional lymphadenectomy is
[28]
considered the adequate treatment .
Gastric cancer has a high tendency to lymph
nodes involvement and local spread: the deeper is the
[29]
extension of the tumour the more they are invaded .
Nodal spreading gradually takes place radiating from
[30,31]
the primary site
and nodal involvement is one of
the most important prognostic factors. It is therefore
clear the reason why surgeons have always given
so much importance to lymphadenectomy and its
extension
In fact, lymph node dissection has been debated for
several years by surgeons: as a result, two different
[32,33]
schools have developed
. In Eastern countries
D2 lymphadenectomy has been considered the
[34,35]
standard procedure since the 60’s
, in particular in
[1,36,37]
Japan
, where the high incidence of this tumour
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reported.
[59]
Dent et al
in 1988 described the first RCT
recruiting 43 patients, 22 with D1 and 21 with D2
dissection: the D2 group showed a higher rate of
perioperative complications without any significant
benefit in survival after a follow up of three years.
In the 90’s two multicentre European RCTs, the
Dutch and the MRC trials, almost simultaneously,
published their results comparing short and long-term
outcomes after D1 and D2 LN dissection. In the Dutch
[45]
trial , which randomised 711 patients (380 to D1 and
331 to D2), the D2 group showed a higher mortality
rate (10% vs 4%, p = 0.004), a higher frequency of
postoperative complications (43% vs 25%, p < 0.001)
and a longer hospital stay (median 25 d vs 18 d, p
[46]
< 0.001). In 1999 the same authors
reported the
5-year survival results: survival rates were similar in
the two groups (45% in D1 vs 47% in D2). The risk
of relapse after 5 years was 43% for the D1 group
and 37% for the D2 group; the difference suggested
only a trend of survival benefit for the D2 group (p
= 0.22). In addition, patients who needed resection
of the spleen or of the distal pancreas had a lower
survival rate compared to those who did not require
it; splenectomy was found to be an independent risk
[60]
factor for surgical complications
and was associated
with decreased survival in both D1 and D2 procedures.
The authors concluded that splenectomy should not be
a routine part of the standard gastrectomy.
In 2004 the Dutch Gastric Cancer Group published
[48]
the long-term outcome of their trial
after 11 years
follow-up: no overall survival benefit was demonstrated
with D2 lymphadenectomy (30% with D1 vs 35% with
D2, p = 0.53) and only in subgroup analysis patients
with N2 disease showed higher survival rate after D2
than after D1procedure. The authors concluded that
no overall survival benefit had been demonstrated
with an extended dissection as the associated higher
postoperative mortality may had offset D2 long-term
benefit in survival; for that reason D2 dissection could
have been of benefit only if mortality and morbidity
could have been avoided.
In 2010 the results of 15-year follow-up of the
[28]
same trial
were published. D2 lymphadenectomy
was finally associated with lower loco-regional
recurrence and gastric-cancer-related death rates,
as compared to those of D1 (p = 0.01). Significantly
lower overall survival was noticed in patients who
underwent splenectomy and pancreatectomy in both
D1 and D2 groups. Subgroup analysis of patients who
did not undergo pancreatectomy and splenectomy
showed significantly higher overall 15-year survival
rate in the D2 group (35% vs 22%). The authors
[61,62]
concluded that, since other studies
had recently
demonstrated that even in Europe trained surgeons
could safely perform D2 lymphadenectomy with
spleen and pancreas preservation and that D2 showed
more favourable recurrence pattern and cancerrelated survival, D2 seemed to be the recommended
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treatment for patients with resectable gastric cancer
(Table 3).
[38]
In the British study , whose short term survival
results were published in 1996, 400 patients, 200 with
D1 and 200 with D2, were recruited. The D2 group
had greater postoperative mortality (13% vs 6.5%, p
= 0.04), higher overall postoperative morbidity (46%
vs 28%, p < 0.001) and longer hospitalization. Also
[49]
Cuschieri et al
investigated the adverse effects of
distal pancreatico-splenectomy, reporting that the
disadvantages of D2 gastrectomy (i.e., higher mortality
and morbidity) might be the result of the additional
pancreatectomies and splenectomies performed. The
same authors in 1999 published the 5-year survival
[49]
results of their trial
without showing any significant
difference in the overall survival (35% in D1 and
33% in D2). In multivariate analysis clinical stages Ⅱ
and Ⅲ, male sex, old age and especially resection of
spleen and pancreas were found to have a significant
influence on survival. The authors concluded that D2
gastrectomy did not offer any advantage in terms of
survival over D1 gastrectomy and that pancreaticosplenectomy should not be considered a part of D2
dissection unless a direct involvement of the disease
into the pancreas was suspected (Table 3).
In 1998 the Italian Gastric Cancer Study Group
published the results of a prospective multicentre
phase 2 study on feasibility of D2 gastrectomy with
[61-63]
spleen and pancreas preservation
: pancreaticosplenectomy was not performed unless a direct
involvement of the pancreas by the tumour was
suspected. The authors showed that D2 gastrectomy
with spleen and pancreas preservation could be done
even in Western countries, in specialized centres,
with a strict quality control and a after a period of
adequate training. Mortality and morbidity rates
were comparable to those of standard resection and
even better, reaching figures similar to the Japanese
ones. After these first cheering results, a randomised
[58]
controlled trial was set up in 1998 , in order to
compare the short- and long-term outcome of D1 and
D2 nodal dissection. A total of 267 patients with gastric
cancer were randomly assigned to either a D1 (133)
or a D2 (134) procedure with preservation of pancreas
and spleen, in five specialized centres over a period of
6 years. In 2010 the Authors reported the short-term
results. In the intention-to-treat analysis, the overall
morbidity rate after D2 and D1 dissections were 17.9%
and 12.0% respectively (p = 0.178). The postoperative
in-hospital mortality rate was 3.0% in the D1 group
and 2.2% after D2 gastrectomy (p = 0.722). The
Authors concluded that in specialized centres the rate
of complications following D2 dissection was much
lower than in published randomized Western trials
and therefore D2 dissection, in an appropriate setting,
could be considered as a safe option for the radical
management of gastric cancer in Western patients. In
2014 the Italian Gastric cancer Study Group published
[18]
the long-term results of this RCT . The five-year
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Table 3 Results of randomised controlled trials on D1 vs D2 gastrectomy
RCT

Nr. pts

Bonenkamp et al[45,46]

Morbidity (%)

Mortality (%)

Survival (%)

D1

D2

D1

D2

D1

D2

D1 (OS)

D2 (OS)

380

331

25

43
p < 0.001

4

10
p = 0.04

45 (5 yr)

47 (5 yr)
P = 0.99
35 (11 yr)
p = 0.53
35 (15 yr)
P = 0.03
33 (5 yr)
P = 0.43
53.3 (5 yr)
P = 0.041
64.2 (5 yr)
P = 0.695
59.0 (DSS 5 yr
T2-4 N+)
P = 0.055

30 (11 yr)
21 (15 yr)
Cuschieri et al[38,49]

200

200

28

Wu et al[55,56]

110

111

17.1

Degiuli et al[18, 58]

133

134

12

46
P < 0.001
7.3
P = 0.012
17.9
P = 0.178

6.5
0
3

13
P = 0.04
0
2.2
P = 0.722

35 (5 yr)
59.5 (5 yr)
66.5 (5 yr)
38 (DSS 5 yr
T2-T4 N+)

RCT: randomised controlled trial; OS: overall survival; DSS: disease specific survival; N+: node positive patients.

overall survival (OS) and disease-specific survival
(DSS) rates were respectively 66.5% and 71% for
D1 and 64.2% and 72.6% for D2, with no significant
difference between the two groups (OS p = 0.695,
DSS p = 0.916). Subgroup analysis showed a trend
towards benefit of D2 dissection in patients with locally
advanced gastric cancer (DSS 55% for D1 vs 69%
for D2 with p = 0.143) and in patients with positive
lymph nodes (OS rate 35% for D1 vs 51% for D2 and
DSS rate 38% for D1 vs 59% for D2). This survival
benefit was even greater and close to reaching a
statistical significance in the subgroup of patients with
both these two variables (T2-T4, N positive): 5-year
OS rate was 35 % for D1 and 51% for D2, with p =
0.078, while 5-year DSS was 38% for D1 and 59% for
D2 (p = 0.055). Therefore the authors concluded that
D2 might be a better choice in patients with advanced
disease and lymph nodes metastasis (Table 3).
[55]
Wu et al
in 2004 published the first results of a
trial comparing 110 patients undergoing D1 dissection
and 111 undergoing D3 resection and their respective
morbidity and mortality rates. The postoperative
hospital stay was longer for D3 patients [mean (SD)
19.6 (13.9) (range 10-98) d vs 15.0 (4.0) (range
10-30) d, p = 0.001]. Morbidity rate was higher in
the D3 group (17.1% vs 7.3%, p = 0.012), mainly
due to a high incidence of abdominal abscess after
D3 resection (8.1% vs 0%, p = 0.003). Patients with
hemipancreaticosplenectomy had a higher morbidity
rate (35.7% vs 10.6%, p = 0.017). In both group
there was no operative mortality. The study confirmed
the higher risk of complications after that extensive
dissections and suggested that extensive lymph node
dissection should be done by surgeons thoroughly
experienced in the technique. In 2006 the same
[56]
authors published the 5-year survival results: overall
5-year survival was higher for D3 patients (59.5%
vs 53.3%, p = 0.041). The authors concluded that
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even if D3 lymphadenectomy was associated with
a higher morbidity, due to its surgical complexity, it
had a significant long-term survival benefit over D1
dissection (Table 3).
[57]
Seevaratnam et al in 2012 analysed 5 randomized
trials involving 1642 patients (845 D1 and 797 D2)
enrolled from 1982 to 2005; the authors highlighted
the differences among earlier (considering procedures
with spleen and pancreas removal) and more recent
trials (with spleen and pancreas preservation). As
concerns the short-term outcomes, overall hospital
mortality was significantly higher for D2 patients (7.5%
vs 3.8% with RR of 2.02, p = 0.002); subsite analysis
showed that hospital mortality was still significantly
higher for D2 patients in early trials (10.5% vs 4.6%,
p = 0.0003), while it was similar in recent trials (1.5%
for D1 vs 1.2% for D2, p = 0.70).
The overall 5-year survival rate showed similar
results for D1 and D2 patients (43.5% and 44.9%,
p = 0.58). In subgroup analysis no significant
difference was found between T1/T2 patients (55.4%
for D1 and 52.3% for D2, p = 0.46) while a trend
of survival benefit in favour of D2 was identified for
more advanced tumours (13.5% for D1 vs 19.5% for
D2 in patients with T3/T4). In addition, the subgroup
of patients with spleen and pancreas preservation
showed a trend towards better survival rate with D2
compared to D1 (54.9% vs 43.0%). The authors
concluded that while older trials favoured D1, the more
recent trials did not show any significant differences in
mortality between the two procedures, demonstrating
that D2 gastrectomy could be performed safely, mostly
due to the preservation of spleen and pancreas.
[35]
In 2014 Jiang et al
analysed 8 RCTs published
between 1988 and 2010, with a total of 2044 patients
(1042 D1 and 1002 D2). D2 gastrectomy resulted
associated with significantly greater morbidity in
terms of anastomotic leakage, pancreatic leakage,
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reoperation rates, wound infection and pulmonary
complications. The overall 5-year survival rate did
not show any significant difference between the
two groups. Overall postoperative mortality was
significantly lower in the D1 group (RR = 0.58, 95%CI:
0.47-0.71, p < 0.001) but in subgroup analysis no
difference was found between patients with pancreas
and spleen preservation in D1 and D2 groups (RR =
1.35, 95%CI: 0.45-4.05 for pancreas resection; RR =
0.85, 95%CI: 0.47-1.54 for spleen resection), showing
that the higher mortality associated with D2 in older
trials was highly influenced by spleen and/or pancreas
resection. The authors reported also a trend towards
a lower risk of gastric cancer-related death in D2
patients with spleen and pancreas preservation.
Anyway, in the latest years the consensus on D2
[28,57,64-78]
lymphadenectomy has increased worldwide
,
since a trend of improved survival among D2 patients
was recorded and published mainly due to spleen and
pancreas preservation and to the increase of skillness
and experience on D2 technique in high volume
reference hospital.
evidence based medicine (EBM) and practical
surgical experience seem now to move towards an
international agreement: nowadays D2 procedure
is recommended as the standard procedure by the
[3]
[10]
[79]
[80]
[81]
Japanese , Korean , German , British , Italian ,
[82]
European Society for Medical Oncology (ESMO)
and
the joint ESMO- ESSO (European Society of Surgical
Oncology)- ESTRO (European Society of Radiotherapy
[83]
and Oncology) guidelines ; in addition, more recently
[84]
NCCN recommends D1+ or modified D2
also in the
United States.

further evaluations before definitively rule out the
PAN dissection by therapeutic options for treatment of
[88,89]
advanced gastric cancer
.
Interestingly, in a recent phase Ⅱ trial from the
Stomach Cancer Study Group of the Japan Clinical
[90]
Oncology Group , patients with locally advanced
gastric cancer with extensive regional (N2) nodes
and/or PAN metastases were treated with neoadjuvant chemotherapy (S-1 plus cisplatin) followed
by extended surgery with PAN dissection. The 3- and
5-year overall survival rates were of 59 and 53 per
cent, respectively.
Based on these results, Japanese surgeons are
now suggesting that extended D2 plus PAN dissection
after neo-adjuvant chemotherapy could be considered
as a promising treatment for patients with clinically
detected PAN involvement or with extensive N2 nodal
[91]
metastases .
Anyway, we need further evaluations regarding
the benefit of dissecting nodal stations other than PAN
whose removal is currently no more indicated, and the
identification of subgroups of advanced gastric patients
who may definitely benefit from D2+ dissection after
neo-adjuvant chemotherapy.
Indeed, according to the last version of Japanese
[4]
guidelines , the standard D2 dissection does not
include the removal of lymph nodes along the superior
mesenteric vein (No. 14v). Of note, No. 14v station
was comprised in the N2 compartment for lower third
gastric tumours in the second edition of Japanese
[3]
Classification and was part of the D2 dissection for
distal tumours in the JCOG9501 trial.
But, even in the lack of specific evidences a D2+
No 14v nodes is, currently, considered only in case
of tumours with apparent metastases to infra-pyloric
[92]
nodes. Recently, a Korean study
showed that 14v
lymph node dissection was an independent prognostic
factor in patients with clinical stage Ⅲ /Ⅳ gastric
cancer of the middle and lower third, therefore future
investigations on this topic are necessary.
Also, the dissection of posterior nodal stations (No.
8p, 12p, 13), which were routinely removed during a
super-extended (D3) lymphadenectomy and, in case
of retro-pancreatic (No. 13) nodes, were comprised
in the standard D2 dissection for distal tumours in the
JCOG trial, is at present, no more indicated.
In a recent observational study of our GIRCG
group, super-extended (D3) lymphadenectomy
which included the systematic removal of posterior
stations (8p, 12p, 13, 16a2 and 16b1), was
associated with a significant lower incidence of locoregional relapses when compared to the standard
D2 dissection in advanced gastric cancer with
[93]
mixed-diffuse histology . These results suggest a
possible therapeutic role of the dissection of posterior
stations other than PAN (8p, 12p. 13). Moreover, we
observed that subgroups of tumours with a greater
lymphotropism are better controlled by a superextended lymphadenectomy. In our study none of the

D2+ FOR ADVANCED GASTRIC CANCER
Whether the extension of lymphadenectomy beyond
the standard D2 dissection could add any benefit in the
treatment of advanced gastric cancer, is a controversial
issue.
The routine lymphadenectomy of para-aortic
nodes (PAN), which has been practiced extensively by
Japanese surgeons and in specialized Western centres
in the past decades, is currently no more indicated
after the publication of the Japan Clinical Oncology
[85]
Group (JCOG) 9501 trial . Indeed, the results of the
Japanese trial showed no survival benefit after D2 plus
PAN dissection compared to D2 lymphadenectomy
alone in advanced gastric cancer without clinical
[85]
suspicion of PAN metastases .
Nevertheless, in the JCOG9501 trial, a rather high
5-year survival (18.2%) was reported in patients
with positive PAN after a prophylactic PAN dissection.
Also, similarly, in some Eastern and Western series,
including cases with clinical involvement of PAN, longterm survivals were reported, after PAN dissection, in
[86]
patients with pathologically positive PAN , especially
[87]
in the absence of incurable factors .
Therefore, some authors suggested the need of
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patients had received preoperative chemotherapy.
Based on these findings, dedicated randomized
trials are needed to provide specific evidences on
the optimal extension and the indications of D2+
lymphadenectomy after neo-adjuvant chemotherapy
in advanced gastric cancer.

1500 laparoscopic and 1500 open gastrectomies over
a 7-year period), comparing the long-term results of
[96]
laparoscopic with open approach .
In this study, at a median follow-up of 70.8 mo
the overall survival, disease-specific survival, and
recurrence-free survival were not statistically different
except for patients with stage IA disease treated with
laparoscopic surgery, who showed an increased overall
survival rate (laparoscopic group; 95.3%, open group:
90.3%; P < 0.001) probably attributable to selection
bias.
It is well known that the number of lymph nodes
removed during gastrectomy is to be correlated with
the prognosis of gastric cancer. In past years the
number of lymph nodes collected during laparoscopic
lymphadenectomy was lower compared to open
lymphadenectomy. In recent years, through the
improvement of laparoscopic surgical techniques and
skills of surgeons, the number of dissected lymph
nodes has gradually increased, reaching that observed
after open gastrectomy.
[97]
Ohtani et al
in a meta-analysis conducted on
[97-100]
four randomized control studies
comparing
laparoscopic distal gastrectomy LADG with open
distal gastrectomy (ODG) for EGC, has shown that
the number of harvested lymph nodes was higher
in the ODG group than in the LADG group, although
this difference was not statistical significant except
in one of the four studies. A recent meta-analysis of
eight case-control studies has revealed that there is
no evident difference in the number of lymph nodes
[101]
dissected, between LADG and ODG
. The mean
operative time for LADG is significantly higher than
[102]
ODG. Kodera et al
has shown that the mean
operating time in the LADG group ranged from 196 to
348 min, that appears to be certainly longer than the
time needed to accomplish an ODG in all studies. This
finding could be due to the reduction of the field of
view, lack of tactile sensation, and the steep learning
curve needed for LADG. In the near future, with the
advancements in surgical techniques and laparoscopic
devices, the time required for laparoscopic-assisted
gastrectomy is probably going to decrease.

LAPAROSCOPIC LYMPH NODE
DISSECTION
In recent years, through the development of minimally
invasive techniques and improvement of the devices
for laparoscopic surgery, several surgeons have started
applying laparoscopic assisted gastrectomy (LAG) for
gastric cancer.
Although several potential benefits of LAG compared
to conventional open procedure - such as less postoperative pain, cosmetics, less blood loss, faster
recovery, and shorter hospital stay - minimal invasive
surgery for gastric cancer has not yet achieved a
solid evidence-based validation; up to 2010, the
Japanese Gastric Cancer Treatment Guidelines did not
recommend LAG in a curative cancer resection setting,
but indicated laparoscopic gastrectomy just as an
[4]
investigational procedure eligible for clinical trials .
To date, two prospective trials (KLASS 01, JCOG
[94,95]
0703)
and several retrospective studies argue
the safety and oncological feasibility of laparoscopic
surgery for the treatment of EGC. The results of these
studies demonstrate both the reliability of laparoscopic
lymphadenectomy in terms of oncological radicality as
well as the absence of differences in the complication
rate and short-term results between laparoscopic and
open surgery. Therefore, along with the demonstration
that the number of harvested lymph nodes by LAG to
date has increased up to reach that observed during
open gastrectomy, laparoscopic gastric surgery has
now to be considered at least as “feasible”.
Most recent reports investigating the short-term
results of laparoscopic gastric surgery refer to EGC;
these data obviously can not be directly transferred to
what is expected for advanced gastric cancer (AGC)
and it is extremely important to differentiate the
results related to early tumors from those related to
advanced tumors.

Laparoscopic total gastrectomy

Differently from LADG, techniques for laparoscopic
total gastrectomy (LTG) has not yet been standardized,
therefore it remains a challenging procedure. Some
technical difficulties involved in D2 lymphadenectomy,
such as a safe dissection of the No. 10 lymph nodes,
and a standardized laparoscopic anastomosis technique,
may constitute an obstacle in applying laparoscopic
surgery for proximal cancer.
[103]
A recent metanalysis
including eight non-RCTs
was published. There were compared the short term
results of 314 LTG and 384 open total gastrectomy
(OTG) in patients with gastric cancer. In hospital
mortality rates were comparable between two groups

EGC

As concerns early gastric cancer a phase Ⅲ multicenter
[94]
prospective randomized trial (KLASS Trial)
has
concluded that there is no significance difference in
morbidity and mortality between laparoscopy assisted
distal gastrectomy and open distal gastrectomy.
Possible disadvantages are the longer operative time
and the steep learning curve for laparoscopic surgery.
The same group to provide background data
for KLASS trial, present one of the largest casematched series, comprising about 3000 patients with
surgically resectable gastric cancer (approximately
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(LTG 0.9% - OTG 1.8%).
Patients in LTG group, despite a longer operative
time, seem to have less intraoperative blood loss, less
postoperative complications, and shorter hospital stay
compared with OTG.
The results of this metanalysis showed that LTG
has better short-term outcomes compared with OTG.
Despite these encouraging results data on LTG are still
limited. In South Korea, a multicenter phase Ⅱ trial
(KLASS-03) trying to assess the feasibility of LTG for
stage I gastric cancer is currently ongoing.

denectomy in terms of oncological appropriateness and
the absence of differences as regards the incidence of
complications and short-term results between laparoscopic
and open approach, have allowed the transferral of
the many advantages of mini-invasiveness to the
treatment of early gastric cancer. This has been made
possible through the development of newly designed
operative techniques and the introduction of better
technological devices for laparoscopic surgery together
with the undoubted improvement of surgical skills.
Up to date laparoscopy assisted gastrectomy with D2
lymph node dissection for the treatment of advanced
gastric cancer is a promising oncological procedure with
adequate lymph node harvesting. The advantages of
minimal invasion, including the reduced risks of surgical
related trauma, the containment of blood loss, less
postoperative pain and earlier recovery could lead to
a reduction in complications for difficult patients such
as those with advanced gastric cancer. Confirmation of
the appropriateness and safety of laparoscopic assisted
gastrectomy for patients with advanced gastric cancer
are expected from the results of different prospective
studies comparing the short- and long-term outcomes
(KLASS 02, CLASS 01, JLSSG 0901), which are
currently in progress.

AGC

Another issue requiring further clarification is the
application of laparoscopic surgery in AGC. Thus, if
laparoscopy gastrectomy (LADG) has been increasingly
used for EGC and T1-T2 tumors, still it has been less
investigated as regards AGC; it is currently matter
for debate if LAG with D2 lymphadenectomy should
represent an appropriate treatment for an AGC as
[104,105]
well
. Challenging technical issues could be
represented by large-size tumors or tumors that
require multiorgan resection.
To date, short-term results and complication
rate of laparoscopic gastrectomy with D2 lymph
nodes dissection for advanced gastric cancer are
still controversial. Many authors have reported no
difference between laparoscopic and open procedures
[106-108]
in terms of number of harvested lymph nodes
.
[109]
Shuang et al
has reported a median number of
35 lymph nodes dissected in the laparoscopic group
vs 38 in the open group, which is comparable to the
number reported by other authors who performed
[107,110,111]
laparoscopic surgery for AGC
. Analyzing the
data in literature the postoperative morbidity rates of
LAG for advanced gastric cancer ranges from 7.7%
[94,112,113]
[114]
to 31.5%
. Cai et al
has reported that
the overall morbidity rates were 12.24% in the LAG
and 19.15% in the OG groups, with no significant
difference. However, respiratory complications were
more frequent in the OG group.

ROBOT ASSISTED LYMPH NODE
DISSECTION
Modern oncology offers a huge step forward in
more effective treatment of a cancer using modern
and advanced equipment to improve the quality of
[116-120]
care
. The role of robotic gastric cancer surgery
is increasing, but still no strong and clear evidence
has been reported to support the superiority of this
approach over others. Clearly it shows advantages in
comparison with laparoscopic by the use of twisted
instruments with 7 degrees of freedom and motion
scaling, tremor filtering and 3D visualization images
of high resolution. It is clear that laparoscopy led us
with magnifying anatomical structures to perform
more precise lymphadenectomy. Using laparoscopical
approach surgeons had to face with limitation of
movements, linear laparoscopic tools, tremor transfer
of the surgeon’s hand to the tip of the forceps, and 2D
visualization without proper sense of depth. Robotic
surgery seems to solve all of these disadvantages. The
high resolution image with 3D visualization technology
is especially useful in infrapyloric, suprapancreatic area
and splenic hilum, where an adequate recognition of
tiny anatomical structures during lymphadenectomy is
of the highest importance. The endowrist instruments
might be especially helpful during lymphadenectomy
in suprapancreatic area where it seems to be more
difficult in laparoscopic setting using linear instruments.
In retrospective studies in majority from eastern
countries they compare laparoscopic and robotic
approach sometimes also with open technique. Woo et

Learning Curve

Another important issue for laparoscopic lympha
denectomy is the learning curve. In a recent korean
series, in order to improve lymphadenectomy skills
and decrease complications at least 42 gastrectomies
[96]
were required .
Therefore, an extensive case-load is required
to individual surgeons in order to perform a safe
laparoscopy assisted gastrectomy; a precise standar
dization of laparoscopic procedures together with
a considerable number of cases are needed for an
efficient educational system. Only the high-volume
certified centers can provide the number required to
the clinical application and teaching of laparoscopic
[115]
techniques for gastric cancer .
The achievement of reliability of laparoscopic lympha
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[121]

al
showed that robotic approach is associated with
longer operative time. From the other hand less blood
loss was observed during robotic surgery. Analyzing
morbidity (11%) and mortality (0.4%) there were
no difference between both techniques (p > 0.05).
Also the numbers of dissected lymph nodes were
[122]
similar. In paper by Kim et al
that compared overall
complications, reoperation and mortality rates were
similar in open, laparoscopic and robotic approach. The
only difference was observed in anastomotic leakage
which was more common in minimally invasive than
in open approach (p = 0.017). It is probably because
of usage staplers that were not used in minimally
invasive techniques.
Currently we have few reviews and meta-analysis
that analyzed problem of advantages in using robotic
[123-127]
surgery during gastrectomy
. The results showed
a lower amount of blood loss, but with longer time of
operation. An explanations underline that the docking
time might be responsible for prolonging the operation,
and stable grasping and tissue retracting may help in
better recognition of anatomical structures that lead to
safer and less bloody procedure. The prolonged time
of operation is also associated with more complicated
lymphadenectomy especially with comparison to
open technique. It is worth to note that no significant
difference was observed according to the number
of harvested lymph nodes. Also no difference was
seen when analyzing overall complications rate and
mortality.
Analyzing survival we have only 2 non randomized
studies that compare robotic with open approach and
one non-randomized study that compare laparoscopic
[128-130]
and robotic one
. In publication by Caruso et
[130]
al
no significant differences in overall survival rates
[128]
was observed. Pernazza et al
proved that robotic
surgery was associated with improved survival in
comparison with open technique. This improvement
was observed especially in advanced gastric cancer
[129]
patients. In paper by Pugliese et al
5-years survival
was 85% for robotic and 75% for laparoscopic but
without statistical significance.
[127]
Marano et al
analyzed technical benefits of robotic
approach in gastric cancer surgery. They emphasized
the improvement in performing lymphadenectomy in
infrapyloric, suprapancreatic region, in splenic hilum
[131]
and superior mesenteric vein. In paper by Son et al
where they compared spleen preserved robotic and
laparoscopic D2 gastrectomy no difference between
these two approaches was observed in terms of
number of dissected lymph nodes, complications
rate, and mortality rate. Interestingly they observed
higher number of retrieved lymph nodes along splenic
artery and splenic hilum in robotic approach. Higher
number of retrieved lymph nodes was not associated
with improvement in survival but of course led to
improvement in staging of the disease. Seems that
lower morbidity might be the most important benefit
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from robotic gastric cancer surgery. In paper by Suda
[132]
et al
in comparison of laparoscopic with robotic
approach the local complications rate (robotic vs lap
1.1% vs 9.8%, p = 0.007) and morbidity (2.3% vs
11.4%, p = 0.009) were statistically significantly lower
as robotic technique was used. These authors underline
the fact that in their series no pancreatic fistulas were
reported. It is probably because of better anatomy
visualization during lymphadenectomy and less
traumatic access to the pancreatic parenchyma during
robotic tissue preparation. In multicentric prospective
study from South Korea the authors compared robotic
[133]
with laparoscopic gastrectomy
. The complications
rates were similar, without mortality in both arms.
Robotic approach was associated with longer time of
operation and higher costs. The authors conclude that
perioperative surgical outcomes in robotic technique
[134]
are not superior to laparoscopic one. Noshiro et al
analyzed using a monopolar scalpel in robotic lymph
node dissection. They underlined a stable visualization of
the operative field that can help in better understanding
of the anatomy and proposed to use a term “roboticallyenhanced surgical anatomy”. The authors proved that
robotic operation was associated with lower blood loss
and lower rate of pancreatic fistula.
The most difficult part of widely usage a laparo
scopic approach in gastric surgery is a complicated
lymphadenectomy, and it is difficult to implement
[135]
that into a routine practice
. It seems that usage
of robotic may help in standardization of gastric
cancer lymphadenectomy. The robotic approach may
probably help in more precise and safer operation
especially of some most critical lymph nodes stations
like No. 6, 5, 1, 14v, and suprapancreatic area with
[136,137]
stations 7, 8a and 9
. The greatest attention
is directed to station nr 6 and suprapancreatic area
because of its dissection is close to anterior surface of
the pancreas. The anatomical differences in this area
[138]
presented by Haruta et al
might be responsible for
technical problems in this area. Any mistake in this
area may lead to pancreatic parenchyma penetration
followed by pancreatitis with local fistula and even a
[138]
leakage if the duodenal stump
. Another difficult
lymph node station dissection is number 10 in splenic
hilum. Problems with bleeding in this area often lead
to perform splenectomy. Robotic approach probably
might help in better recognition of the anatomical planes
and safer dissection even in mostly dangerous areas.
Another point of interest is a usage of robotic
technique in obese patients especially that in western
countries many patients show high body mass index
(BMI) status. Theoretically obese patients may have a
benefit form robotic approach because of technically
demanding D2 lymphadenectomy especially around
vessels when a fatty tissue might be a problem in
adequate exposition of the surgical field. In paper by
[139]
Park et al
patients were classified to obese and
non-obese group according to visceral fat area (VFA).
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Interestingly the complete number of total and N2 area
lymph node number was higher in non-obese patients
2
with VFA < 100 cm . There were no differences
in obese patients. Statistically significant robotic
approach was associated with lower rate of severe
complications after total gastrectomy in non-obese
patients. The problem of obesity was also analyzed
[140]
by Lee et al . They compared subtotal gastrectomy
with D2 lymphadenecotmy in laparoscopic and
robotic approach in patients of different BMI status.
In different BMI groups no significant difference in the
rate of dissection of more than 25 nodes was observed
between two techniques, but it is worth not note that
laparoscopic approach had a significantly lower rate of
retrieving more than 25 nodes in high BMI patients (p
= 0.006). In high BMI patients the complications rate
was comparable.
Even as the role of extended lymphadenectomy
in gastric cancer is still under debate no doubts this
technique requires high level of experience. The full
robotic interaortocaval nodal dissection was performed
[141]
by the team Roviello et al
and proposed as a
feasible technique in selected cases.
Another field of research and possible usage of
robotic surgery in gastric cancer treatment is dissection
of posterior lymph nodes during lymphadenectomy.
In Siena University unpublished data the chances of
metastases in stations 8p, 12p and 13 are 5.1%, and
rise to 15.4% as we have a T3 tumor in distal part of
the stomach- the latest data were presented during
International Gastric Cancer Conference in Sao Paulo
2015. This kind of lymphadenectomy is demanding
and technically difficult in laparoscopic approach and
in selected patients where the chances of cancer
spread to these stations is the highest seems to be
justified. From minimally invasive approach usage of
robotic technique seems to be the optimal solution in
this tailored treatment of advanced gastric cancer in
western countries.

and retrospective studies, in the west three RCTs (MRC,
Dutch and IGCSG trials) have been conducted to show
a survival benefit of D2 over D1 with EBM. While the
MRC trial failed to show a survival benefit after the
D2 procedure, mostly due to the significant increase
of postoperative morbidity and mortality, which was
referred to splenopancreatectomy, the Dutch trial
could report a significant decrease of recurrence after
D2 procedure at 15 years from the conclusion of its
accrual. Recently, also the long term survival analysis
of the Italian RCT could demonstrate a benefit for
patients with AGC and positive nodes treated with D2
gastrectomy without splenopancreatectomy.
As nowadays also in western countries D2 pro
cedure can be done safely with pancreas preserving
technique and without preventive splenectomy, it has
been suggested in several national guidelines as the
recommended procedure for patients with AGC.
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Sentinel lymph node navigation surgery for gastric cancer:
Does it really benefit the patient?
Tohru Tani, Hiromichi Sonoda, Masaji Tani
SLN examination remains unclear in cases of gastric
cancer. Here, we review previous studies to determine
whether SLN navigation surgery is beneficial for gastric
cancer patients. Recently, a large-scale prospective
study from the Japanese Society of Sentinel Node
Navigation Surgery reported that the endoscopic dual
tracer method, using a dye and radioisotope for SLN
biopsy, was safe and effective when applied to cases
of superficial and relatively small gastric cancers. SLN
mapping with SLN basin dissection was preferred
for early gastric cancer since it is minimally invasive.
However, previous studies reported that limited
gastrectomy and lymphadenectomy may not improve
the patient’s postoperative quality of life (QOL). As a
result, the benefit of SLN navigation surgery for gastric
cancer patients, in terms of their QOL, is limited. Thus,
endoscopic and laparoscopic limited gastrectomy
combined with SLN navigation surgery has the potential
to become the standard minimally invasive surgery in
early gastric cancer.
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Core tip: Recently, a large-scale prospective study
reported that the endoscopic dual tracer method,
using a dye and radioisotope for sentinel lymph node
(SLN) biopsy, was safe and effective when applied to
cases of superficial and relatively small gastric cancers.
However, previous studies reported that limited
gastrectomy and lymphadenectomy may not improve
the patient’s postoperative quality of life (QOL). As a
result, the benefit of SLN navigation surgery for gastric
cancer patients, in terms of their QOL, is limited. Thus,
endoscopic and laparoscopic limited gastrectomy
combined with SLN navigation surgery has the potential

Abstract
Sentinel lymph node (SLN) navigation surgery is
accepted as a standard treatment procedure for
malignant melanoma and breast cancer. However,
the benefit of reduced lymphadenectomy based on
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to become the standard minimally invasive surgery for
early gastric cancer.

low sensitivity and inter-study heterogeneity. They
also reported that more than four collected SLNs
[5]
was only associated with its higher sensitivity . A
different meta-analysis was subsequently published
[6]
including 38 studies and 2128 patients . In this
meta-analysis, the detection rate, sensitivity, and
accuracy of the SLN examination were concordance
[4,5]
with the previous reports . T stage, type of tracers,
injection procedures, type of surgery (laparoscopic
or open), and using immunohistochemistry for dia
gnosis or not were related to the detection rate and
sensitivity. More recently, a multicentre prospective
study from the Gastric Cancer Surgical Study Group
of the Japanese Clinical Oncology Group (JCOG) was
[7]
published . This study revealed that the high false
negative rates and the necessity of a learning curve,
in addition to the pathological examination of only
one frozen section, were limitations for detecting SLN
metastasis. To overcome these limitations, a largescale prospective multicentre study was performed
by the Japanese Society of Sentinel Node Navigation
[8]
Surgery . Twelve skilled institutes who experienced
a lot of cases (> 30 cases) of SLN mapping took
part in the study. cT1-2N0M0 gastric cancers < 4
cm in diameter were included in this trial. Following
examination of the identified SLNs during surgery,
standard gastrectomy with D2 lymphadenectomy was
performed according to the current Japanese gastric
[9]
cancer treatment guidelines . Eventually, 397 patients
were included in the analysis. The detection rate,
sensitivity, and accuracy of the SLN examination were
97.5% (387/397), 93% (53/57), and 99% (383/387),
respectively. Surprisingly, false-negative rate was
only 1% (four patients). Three of these four patients
had pathological lymph node metastases only in the
lymphatic basin - a lymphatic area including SLNs and
downstream lymphatic flow. The other one patient
with a metastasis outside the lymphatic basin had a
primary tumour with > 4 cm. These results suggest
that the ‘‘lymphatic basin’’ based surgery rather than
the ‘‘SLN’’ based surgery was recommended for
early gastric cancer (EGC) treatment by the expert
institutes.

Tani T, Sonoda H, Tani M. Sentinel lymph node navigation
surgery for gastric cancer: Does it really benefit the patient?
World J Gastroenterol 2016; 22(10): 2894-2899 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i10/2894.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i10.2894

INTRODUCTION
The sentinel lymph nodes (SLN) are defined as the
first lymph nodes that drain from a primary tumour.
The SLN concept was first introduced after reports that
metastases of downstream lymph nodes were believed
to be absent when no metastasis of the SLN was
[1]
observed in patients with malignant melanoma (MM) .
SLN navigation surgery, based on the SLN concept,
has since become accepted as a standard treatment
procedure for MM. However, SLN navigation surgery
has not been as effective in gastrointestinal (GI)
cancers such as colorectal cancer and gastric cancer.
In MM and breast cancer, limited lymphadenectomy
based on the SLN examination has led to a decrease
in postoperative lymph oedema and improvement in
[2,3]
the patient’s postoperative quality of life (QOL) .
However, SLN navigation surgery has not been widely
accepted for the treatment of GI cancers worldwide.
Furthermore, the benefit of limited lymphadenectomy
based on SLN examination remains unclear in cases of
GI cancers.
In the present report, we review previous studies
in the literature to determine whether SLN navigation
surgery is beneficial in gastric cancer patients.

Is the sentinel lymph node
concept acceptable for gastric
cancer?
Currently, the application of the SLN concept to
gastric cancer is controversial due to the complexity
of the lymphatic drainage from gastric tumours. Since
2000, several studies have been performed in cases
of gastric cancer using the SLN concept in east Asian
countries. The reported detection rates, sensitivity,
and accuracy of the SLN examination procedure
were 55%-100%, 40%-100%, and 70%-100%,
[4]
respectively . A meta-analysis of SLN examination
with 46 studies, published between 2001 and 2009,
which included 2684 gastric cancer patients was
[5]
published . The authors reported that the detection
rate and sensitivity of SLN examination were 97.5%
and 87.8%, respectively. The authors cautioned
that SLN examination was probably not clinically
valid for limited lymphadenectomy because of its

WJG|www.wjgnet.com

How to detect the sentinel lymph
node in gastric cancer?
At present, a radioisotope (RI) alone or with a dye
are used as tracers for the detection of SLN in gastric
cancer.
In the RI method, 99mTc-phytate or 99mTc-tin
colloid is commonly applied as a tracer. Since the halflife of 99mTc is approximately 6 h, the 99mTc RI tracer
is injected endoscopically into the submucosa around
the tumour 1 d before operation, and we measured the
radioactivity of lymph nodes using a hand-held gamma
probe at surgery. An important advantage of the RI
method is the objective measurement of the intensity
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Figure 1 Minute sentinel lymph nodes could not be detected by indocyanine green alone (left), but could be detected by using photodynamic eye (right).

of radioactivity and the detection of SLN even in thick
intraperitoneal adipose tissues. Furthermore, RI tracers
remain in the lymph nodes for a relatively long period
of time and, therefore, are preferred in laparoscopic
surgery. However, RI tracers are expensive and a
radioactivity-controlled area is necessary when using
radioisotopes. Therefore, the RI method is performed
only in a limited number of institutes in Japan and
[4,10-12]
South Korea
.
Conversely, the dye method is widely used for
the detection of SLN in gastric cancer. Indocyanine
green (ICG), sulfan blue, and isosulfan blue are
commonly used as a tracer. These were injected into
the submucosa by intraoperative endoscopy, or into
the subserosa from luminal outside. The enhanced
visibility, low cost, safety, and the ability to stain not
only the lymph nodes but also the lymphatic route are
the reason why the dye method is widely used.
Recently, the double tracer method (i.e., dye and
RI) has been recommended for reliable SLN detection
[8]
in gastric cancer . Moreover, a different type of
fluorescence imaging system was developed for SLN
[13]
navigation surgery . The photodynamic eye (PDE;
Hamamatsu Photonics, Hamamatsu, Japan) is able to
visualize ICG fluorescence emitted by a light-emitting
diode. The PDE visualizes SLNs and lymphatic vessels
more clearly than the usual ICG staining method. In
our institute, we have performed SLN biopsy using
ICG fluorescence based on the established method
[14]
for breast cancer . We could detect minute SLN
metastasis with this method (Figure 1). However, it is
necessary to make the operating room pitch-darkness
for detecting SLNs while performing SLN mapping
using the PDE. However, newly developed ICG
fluorescence systems such as the D-light P system (Karl
Storz, Tuttlingen, Germany) do not need for switching
off the room lights when we try to detect SLN.
Moreover, with this system, we can perform the SLN
examination even in laparoscopic surgery. Therefore,
in the future, this may become the standard method
to detect SLN in GI malignancies.

WJG|www.wjgnet.com

How to perform sentinel lymph
node navigation surgery?
In order to apply the results of SLN examination to
surgery, accurate intraoperative diagnosis is required.
Intraoperative diagnosis using hematoxylin and eosin
(H-E) staining of a frozen section from the lymph node
is the standard technique for SLN biopsy. However,
the previous JCOG study questioned the reliability of
[7]
frozen section examination using just one section .
In a Japanese multicentre trial, it was also reported
that 24% of patients with SLN metastases that
were diagnosed using permanent sections could not
be identified using H-E staining of frozen sections
[8]
collected during surgery . Multistep level sections,
[15,16]
immunohistochemistry
, reverse transcription
[17-20]
polymerase chain reaction (RT-PCR)
, and the
[21]
one-step nucleic acid amplification assay (OSNA) ,
have all been developed for reduction of the falsenegative rate and provide additional tools for diagnosing
micrometastases in SLNs. By using both complete
serial sectioning and immunohistochemistry, lymph
node micrometastases were identified in four out
of 35 patients (11%), and in six of the 1028 nodes
(0.58%), where metastases were not detected with
[15]
[20]
the permanent section method . Shimizu et al
developed a more sensitive real-time RT-PCR method
by using cytokeratin 19 (CK19) mRNA, cytokeratin
20 (CK20) mRNA, and carcinoembryonic antigen
(CEA) mRNA. They reported that 27% of patients with
pathologically negative lymph nodes were positive for
RT-PCR. In this study, there were seven cases (6.8%)
that SLNs were negative but non-SLNs were positive
for RT-PCR. However, three of these seven cases
had RT-PCR positive lymph node in the same lymph
node station as corresponding SLNs and four of seven
cases had RT-PCR positive lymph node in the same
lymphatic basin. In our previous study, lymph node
micrometastases in pT1 cases were also limited to
the perigastric lymph nodes near the primary tumour
and the lymph node station along to the left gastric
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Figure 2 Mapping of lymph node micrometastases detected by MUC 2 RT-PCR in pT1 gastric cancer according to the tumour location[20]. Circular dots
represent lymph node micrometastases as detected by MUC 2 RT-PCR. Ca represents the tumour location.
[29,31,33]

[22]

studies either involved small case series
, or
[29-33]
were single-centre or retrospective studies
. There
is no published prospective randomised control trial
(RCT) comparing the patient’s postoperative QOL
between distal gastrectomy and PPG. Moreover,
it has been reported that patient’s QOL following
laparoscopy-assisted PPG is equivalent to that following
[35]
laparoscopy-assisted distal gastrectomy . With
regard to the extent of lymphadenectomy, an RCT
carried out in Taiwan reported that patients with D3
lymphadenectomy showed no significant difference in
short- and long-term QOL as compared to patients with
[36]
D1 lymphadenectomy .
In summary, pylorus-preserving and limited lympha
denectomy may not improve the patient’s postoperative
QOL following gastrectomy.

artery according to lymph node mapping (Figure 2) .
[23]
Moreover, Kumagai et al
demonstrated that the
sensitivity and specificity of the OSNA assay was higher
than conventional H-E examination. Recently, it has
been possible to reduce the detection time to 30-40
[24]
min , and these novel molecular techniques have
also raised the sensitivity to detect SLN metastases as
part of the intraoperative diagnosis. It is very important
to improve the precision of the intraoperative SLN
[25-27]
metastases by developing new technologies
.
However, increasing the diagnostic sensitivity leads
to increased false-negative rates for such molecular
diagnostic techniques. Therefore, the false-negative
rates may never become zero even if there are
further developments in molecular techniques in the
future. Nonetheless, almost all studies investigating
micrometastases in SLN examination support the
oncological safety of lymphatic basin dissection
[15,20,28]
(LBD)
. Currently, LBD is best method for limited
lymphadenectomy in gastric cancer.

Future perspective
The indications for endoscopic treatments such as
endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) are limited to cases with
(1) mucosal tumours; (2) histologically differentiated
adenocarcinomas; (3) tumours < 2 cm in diameter;
and (4) no ulcer or no ulcer scar in the lesions. This is
because if the primary tumour meets these criteria,
[37,38]
lymph node metastasis is considered to be absent
.
Standard gastrectomy is recommended even for cT1
gastric cancer, outside the general criteria for endoscopic
treatments, in the recent Japanese Guideline for Gastric
[37]
Cancer . However, lymph node metastasis is present
only in 10%-20% of such patients. Recent technical
advances in endoscopic treatments have enabled the
en-bloc resection regardless of the size and histological
type of the gastric tumour. Theoretically, if all SLNs are
histologically negative for cancer metastases, EMR/ESD,
instead of gastrectomy, may be appropriate for the
curative resection of cT1 EGC, outside the EMR/ESD
criteria. A combination of laparoscopic SLN biopsy and
EMR/ESD for cT1 EGC is a very attractive treatment

Is sentinel lymph node navigation
surgery beneficial for gastric
cancer patients?
If SLN navigation surgery is validated as a treatment, it
will enable the omission of extended lymphadenectomy
and will limit the area of gastrectomy [pylorus-pre
serving gastrectomy (PPG)/segmental gastrectomy].
A lot of investigators have reported postoperative
objective and subjective outcomes of such limited
surgery. These studies have reported that PPG leads
[29]
to better maintenance of body weight , lower
[30]
incidence of dumping syndrome or early emptying ,
[31,32]
mild regurgitation gastritis
, less disturbed bowel
[30]
movements , better preservation of gallbladder
[33]
[34]
function , less post-gastrectomy syndrome , and
[32]
lower incidence of cholecystolithiasis , as compared
to conventional distal gastrectomy. However, such
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option as a novel minimally invasive approach. However,
it is still arguable whether EMR/ESD would be sufficient
to achieve negative vertical margin. Therefore, surgical
or endoscopic full-thickness resection is oncologically
safer than EMR/ESD. Recently, laparoscopic fullthickness resection was developed for gastric tumours.
However, this procedure may be associated with the
iatrogenic dissemination of cancer cells due to the
exposure of the gastric mucosa to the peritoneal
[39]
cavity. Nunobe et al
developed a modified method
for laparoscopic and endoscopic cooperative surgery
(LECS) to avoid such dissemination. More recently,
different techniques have been developed, such as the
combination of laparoscopic and endoscopic approaches
to neoplasia with a non-exposure technique (CLEAN[40]
NET) , and non-exposed endoscopic wall-inversion
[41]
surgery (NEWS) . Such techniques theoretically avoid
the gastric mucosa from exposing to the peritoneal
cavity. These novel techniques with SLN mapping are
expected to enable the appropriate treatment of EGC
when EMR/ESD is not applicable. Recently, SENORITA
trial (NCT01804998) has been conducted in South
Korea. This study is a multicenter phase Ⅲ randomized
control trial (RCT) enrolling 580 patients. This trial is the
first large scale RCT to confirm the usefulness of SLN
navigation surgery for EGC, which is not suitable for
EMR/ESD. We need to pay attention to the final result
of this study.

6
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8

9
10
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12

CONCLUSION

13

The benefit of SLN navigation surgery for gastric
cancer patients, in terms of the postoperative
QOL, is limited. EMR/ESD and laparoscopic limited
gastrectomy combined with SLN navigation surgery
have the potential to become the standard minimally
invasive surgery for EGC patients.
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Abstract
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Gastric cancer is one of the most common human
malignancies, and its prevalence has been shown to be
well-correlated with cancer-related deaths worldwide.
Regrettably, the poor prognosis of this disease is mainly
due to its late diagnosis at advanced stages after the
cancer has already metastasized. Recent research has
emphasized the identification of cancer biomarkers
in the hope of diagnosing cancer early and designing
targeted therapies to reverse cancer progression. One
member of a family of growth-related nicotinamide
adenine dinucleotide (NADH or hydroquinone) oxidases
is tumor-associated NADH oxidase (tNOX; ENOX2).
Unlike its counterpart CNOX (ENOX1), identified in
normal rat liver plasma membranes and shown to be
stimulated by growth factors and hormones, tNOX
activity purified from rat hepatoma cells is constitutively
active. Its activity is detectable in the sera of cancer
patients but not in those of healthy volunteers,
suggesting its clinical relevance. Interestingly, tNOX
expression was shown to be present in an array of
cancer cell lines. More importantly, inhibition of tNOX
was well correlated with reduced cancer cell growth
and induction of apoptosis. RNA interference targeting
tNOX expression in cancer cells effectively restored
non-cancerous phenotypes, further supporting the
vital role of tNOX in cancer cells. Here, we review the
regulatory role of tNOX in gastric cancer cell growth.
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NADH oxidase (tNOX, also known as ENOX2), a
member of a family of growth-related NADH (or
[7-10]
hydroquinone) oxidases
. Unlike its counterpart
CNOX (ENOX1), identified in normal rat liver plasma
membranes and shown to be stimulated by growth
factors and hormones, tNOX activity purified from
rat hepatoma cells is unresponsive to growth stimuli
[7]
and is instead constitutively active . Subsequent
studies have confirmed that tNOX is present in an
array of cancer cell lines, including those derived
from breast, cervix, colon, and lung cancer as well
[11-14]
as leukemias
. Its activity is also observed in the
sera of cancer patients but not in those of healthy
[15-17]
volunteers, suggesting its clinical relevance
. tNOX
cDNA was subsequently cloned from a HeLa cell cDNA
[9]
library , and functional motifs of tNOX protein have
been identified. The important role of tNOX in cell
growth regulation is supported by a study that showed
that the growth rate of mouse embryo fibroblasts
(MEFs) from tNOX-overexpressing transgenic mice is
[18]
approximately twice that of wild-type cells . Given its
expression in an array of cancer cell lines and presence
in sera of cancer patients, taken together with other
characteristics discussed below, tNOX possesses
potential as a biomarker. Here, we briefly review the
regulatory role of tNOX in gastric cancer cell growth.

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

Core tip: Gastric cancer is one of the most common
human malignancies, and its prevalence has been
shown to be well-correlated with cancer-related
deaths worldwide. Here, we review the role of tumorassociated NADH oxidase tNOX (ENOX2) in cancer,
in particular its regulation of gastric cancer cell
growth. The most common inhibitors of tNOX and the
phenotypes associated with tNOX depletion are also
discussed.
Cheng HL, Lee YH, Yuan TM, Chen SW, Chueh PJ. Update on
a tumor-associated NADH oxidase in gastric cancer cell growth.
World J Gastroenterol 2016; 22(10): 2900-2905 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i10/2900.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i10.2900

INTRODUCTION
According to Global Cancer Statistics, nearly 1 million
new gastric cancer cases and more than 700000
gastric cancer-associated death were reported in
[1]
2012 . Unfortunately, despite progression in the
diagnosis and treatment of advanced gastric cancer,
many patients suffer from metastasis and later
recurrence of this disease. Thus, their poor prognosis
reflects the fact that gastric cancers are often diag
nosed at an advanced stage. Current research
efforts have focused on available diagnostic and
prognostic biomarkers of gastric cancer. For example,
carcinoembryonic antigen (CEA) and cancer antigen
19-9 (CA19-9) have been used as standard biomarkers
[2]
for gastric cancer diagnosis . A method for detecting
circulating tumor cells in gastric cancer patients, which
could provide important targets for treatment and
[3]
critical surrogate markers, is also being developed .
Moreover, polymorphisms of certain genes, such as
epidermal growth factor receptor (EGFR), have been
[4]
used as risk markers for gastric cancer . Serum level
of interleukin-18 (IL-18), which plays a role in the
pathogenesis of malignancies and is a determinant of
clinical outcome in gastric cancer patients, is another
[5]
risk marker . Recent studies have revealed that
several microRNAs, when abnormally expressed, are
[6]
potential biomarkers of gastric cancer . Although
intensive efforts to identify biomarkers in this field are
ongoing, universal biomarkers for gastric cancer are
scarce because of the heterogeneous properties of
[2]
this cancer . Thus, new and specific gastric cancer
markers for diagnoses and therapeutic purpose are
urgently needed.
We have previously described tumor-associated
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EXPRESSIONS OF tNOX PROTEIN IN
GASTRIC CANCER CELLS
Although tNOX expression has been demonstrated
in an array of cancer cell lines, there is relatively less
information regarding tNOX protein expression in
gastric cancer cells. To demonstrate the expression
of tNOX protein in gastric cancer cells, we utilized cell
lines derived from human stomach cancers, including
AGS (gastric adenocarcinoma), TMC-1 (derived from
the lymph node of a moderately differentiated stomach
adenocarcinoma), MKN45 (from the lymph node of a
moderately differentiated stomach adenocarcinoma),
SNU-1 (from a poorly differentiated primary carcinoma
of the stomach), TMK-1 (from a poorly differentiated
adenocarcinoma), and SCM (human gastric carcinoma)
cells. Western blot analyses showed that tNOX protein
was expressed to varying degrees in all gastric cancer
lines (Figure 1). tNOX expression was higher in TMC-1,
SCM, and TMK-1 cells than in SNU-1, MKN45, and
AGS cells. Antisera used in western blot analyses
were raised against bacterial tNOX, as described
[12]
previously , and they recognized the same tNOX
protein band as that identified by a commercially
[14]
available anti-tNOX polyclonal antibody
(Protein
Tech Group, Inc. Chicago, IL, United States).
We also continuously monitored cell growth dynamics,
measured as cell impedance and displayed in the form of
[19-22]
cell index (CI) values
. In this application of the cell
impedance assay, the existence of cells on top of the
electrodes creates an increase in electrode impedance,
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AGS

TMC-1

MKN45

SNU-1

TMK-1

effects of capsaicin, reflecting its anti-growth activity
against various human cancer cell systems, including
[30-32]
[33,34]
[35,36]
[11,37]
prostate
, colon
, hepatoma
, breast
[38-40]
cancer, as well as leukemic
. However, there are
few studies available reporting on the cytotoxicity of
[41-43]
capsaicin in gastric cancer cells
.
We have investigated the effects of capsaicin
on different gastric cancer cell lines, including SCM,
SNU-1, and TMC-1. In these studies, which measured
metabolic activity by 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) reduction assays,
we verified that capsaicin exerted a concentrationdependent inhibitory effect on SCM cell proliferation.
After 24 h exposure, 100 µmol/L and 200 µmol/L
capsaicin decreased SCM cell viability to less than
70% and 50% of control groups, respectively. Cell
proliferation, measured by counting SCM cell number,
was also significantly decreased in a concentration
[44]
and time-dependent manner by capsaicin exposure .
We studied the anticancer activity of capsaicin on the
proliferation of SNU-1 cells, which were derived from
a poorly differentiated human gastric carcinoma, and
[45]
TMC-1 cells, a metastatic gastric carcinoma line .
These assays showed that capsaicin induced significant
cytotoxicity in SNU-1 cells at 100 µmol/L, diminishing
cell numbers to smaller than 40% and 30% of control
groups after 48 and 72 h exposure, respectively. To our
surprise, 100 µmol/L capsaicin did not decrease the
[45]
number of TMC-1 cells, even after a 72 h exposure .
These results imply that capsaicin exerted differential
cytotoxic effects on gastric cancer lines derived from
different stages of cancer progression.

SCM

tNOX
Actin

Figure 1 tumor-associated NADH oxidase protein expressions in different
human gastric cancer lines. Aliquots of cell lysates were separated by SDSPAGE and analyzed for tNOX expression by western blot analysis. β-Actin was
used as an internal control to monitor for equal loading. Gastric cancer cell lines
including, AGS (gastric adenocarcinoma), TMC-1 (derived from the lymph node
of a moderately differentiated stomach adenocarcinoma), MKN45 (from the
lymph node of a moderately differentiated stomach adenocarcinoma), SNU-1
(from a poorly differentiated primary carcinoma of the stomach), TMK-1 (from
a poorly differentiated adenocarcinoma), and SCM (human gastric carcinoma),
were used to study the expression of tNOX protein. SDS-PAGE: Sodium
dodecyl sulfate polyacrylamide gel electrophoresis; tNOX: tumor-associated
NADH oxidase.

the degree of which is determined by cell numbers
and the level of cell adhesion. By comparing the
results from cell-impedance measurements with those
obtained with various commonly used cytotoxicity
assays, we confirmed that this novel measurement of
electrical impedance provides an effective, continuousmonitoring method for examining cellular processes in
[23,24]
a dye-free setting
. Using this approach, we found
that both SCM and AGS cell grew much faster than
MKN45 and TMC-1 cells (Figure 2). Surprisingly, the
growth rate of TMC-1 cells, as determined using this
method, was slower, notwithstanding the fact that they
were derived from patients with metastatic stomach
cancer. It has been reported that TMC-1 cells grown
in vitro exist as a mixture of attached and suspended
[25]
cells . Thus, since the degree of cell impedance is
determined by both cell numbers and the level of cell
adhesions, the cell impedance method used here may
yield a CI value that underestimates the number of
TMC-1 cells.

DUEL EFFECTS OF CAPSAICIN ON CELL
GROWTH AND tNOX IN TWO GASTRIC
CANCER LINES
To further investigate whether the differential inhibitory
effects of capsaicin on cell growth inhibition involves
cell death, specifically apoptosis, we analyzed cells
for apoptotic subpopulations using flow cytometry.
Interestingly, capsaicin provoked cytotoxicity in SCM
cells concurrently with caspase 3-mediated poly (ADPribose) polymerase (PARP) cleavage and apoptosis
[44]
induction . Using the pan-caspase inhibitor Z-VADFMK, we confirmed that capsaicin-induced apoptosis
[44]
in these cells was dependent on caspase activity .
Consistent with results obtained in other gastric cancer
cell lines, capsaicin was found to induce cytotoxicity
and apoptosis in SNU-1 cells, possibly through up[42]
regulation of p53 . We also demonstrated that 100
and 200 µmol/L capsaicin triggered apoptosis in 16.1%
[45]
and 26.2% of SNU-1 cells, respectively . In contrast,
TMC-1 cells were fundamentally unresponsive to the
apoptotic effect of capsaicin; exhibiting very little
apoptosis in response to capsaicin exposure. The
greater cytotoxicity of capsaicin toward SCM and
SNU-1 cells was also reflected in the apoptotic activity

INHIBITION OF tNOX PROTEIN
Numerous chemopreventive and anti-cancer drugs
have been shown to reduce tNOX activity accompanied
by a decrease in cell growth. These agents include
[11]
capsaicin, the major component of chili pepper ,
[26]
(-)-epigallocatechin-3-gallate (EGCg) , phenoxo
[27]
[28,29]
diol , and doxorubicin (trade name, Adriamycin)
.
Interesting, these chemopreventive agents, often used
to reverse cancer progression, preferentially inhibit
tNOX activity in cancer cells, reducing cancer cell growth
[11,26]
but having little effect on non-cancerous cells
. This
is important, since the dietary pattern and availability
of fresh fruits and vegetables as well as gastric cancer
incidence differ greatly among countries. Statistical
data bear this out, showing that South Korea, Mongolia,
Japan, and China in Eastern Asia have the highest
incidence rates of gastric cancer, whereas Northern
[1]
America and most parts of Africa have the lowest rate .
Recent progress has focused on the chemopreventive
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Figure 2 Cell growth monitored by cell impedance technology. For continuous monitoring of dynamic changes in cell proliferation, cells (104 cells/well) were
seeded onto E-plates and incubated for 30 min at room temperature, after which E-plates were positioned onto the Real-Time Cell Analysis station (Roche, Mannhein,
Germany). Cells were grown, and impedance was determined every hour, as previously described[21,22]. Cell impedance is defined by the cell index (CI) = (Zi - Z0)
[Ohm]/15[Ohm], where Z0 is background resistance and Zi is the resistance at an individual time point. A normalized cell index was determined as the cell index at a
certain time point (CIti) divided by the cell index at the normalization time point (CInml_time). Normalized cell index values measured over 92 h are shown. Gastric cancer
cell lines, including AGS (gastric adenocarcinoma), TMC-1 (derived from the lymph node of a moderately differentiated stomach adenocarcinoma), MKN45 (from
the lymph node of a moderately differentiated stomach adenocarcinoma), and SCM (human gastric carcinoma), were used to study cell growth pattern using cell
impedance measurements.

of capsaicin in these two lines, whereas capsaicin
induced neither cytotoxicity nor apoptosis in TMC-1
cells.
To identify molecular mechanisms underlying
the differential cytotoxicity of capsaicin in gastric
cancer cells, we assessed mitochondrial function,
by measuring 3,3’-dihexyloxacarbocyanine iodide
[DiOC6(3)] retention. We showed that capsaicin
instigated changes in mitochondrial membrane
[45]
potential in SNU-1 cells but not in TMC-1 cells .
Further protein analyses confirmed that capsaicin
up-regulated pro-apoptotic Bak protein and downregulated anti-apoptosis Bcl-2 protein in SNU-1 cells,
whereas these changes were less prominent in TMC-1
[45]
cells .
Given that capsaicin-induced cytotoxicity and
inhibition of tNOX activity was previously established
[11]
in cancer/transformed cells , we next tested
the possibility that tNOX protein is involved in the
differential effects of capsaicin in these two gastric
cancer lines. Interestingly, we found that capsaicin
enhanced tNOX down-regulation in SCM cells
[44]
concurrently with capsaicin-induced apoptosis .
Additionally, in SNU-1 cells, capsaicin-induced tNOX
down-regulation was accompanied by a concentrationdependent increase in caspase 3-mediated PARP
[45]
cleavage and apoptosis . In contrast, capsaicin
treatments promoted very slight changes in tNOX
expression or caspase 3-directed PARP cleavage in
TMC-1 cells, resulting in limited apoptosis. These
various lines of evidences indicate that tNOX is a
potential molecular target for capsaicin in gastric cancer
cells that is important for gastric cancer survival.

WJG|www.wjgnet.com

PHENOTYPES OF tNOX-DEPLETED CELLS
To examine whether tNOX expression level is crucial for
the survival of gastric cancer cells, we knocked down
tNOX expression in TMC-1 cells using small interfering
(hairpin) RNA (shRNA). These tNOX-depleted TMC-1
cells were more responsive to capsaicin treatments,
as evidenced by enhanced caspase 3-mediated PARP
cleavage, greater loss of mitochondrial membrane
potential, and higher intracellular oxidative stress level
[45]
compared with control groups . Thus, decreased
tNOX expression in TMC-1 cells resulted in greater
sensitivity to the effects of capsaicin. Interestingly,
reduced expression of tNOX appeared to affect cellcycle progression such that capsaicin-induced G1
accumulation was enhanced and proliferation was
[45]
reduced in tNOX-depleted TMC-1 cells , supporting a
significant role for tNOX in TMC-1 cell growth.
We also examined the possibility that decreasing
tNOX protein levels in cancer cells is sufficient to
diminish tumor growth in animals. To this end, mice
were injected with parental (wild type) HCT116 human
colon cancer and either control (scrambled RNAi)
HCT116 cells or tNOX-knockdown HCT116 cells, and
xenograft tumors were examined after 60 d. We found
that the growth of HCT116 xenograft tumors was
[46]
significantly reduced in tNOX-knockdown groups ,
indicating that tNOX depletion in cancer cells reduces
their capacity to form tumors in vivo.
The regulatory role of tNOX in cell growth is
not limited to gastric cancer cells. Utilizing a loss[47]
of-function approach, Chueh et al
reduced tNOX
expression in HeLa cervical cancer cells using antisense
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oligonucleotides and found that tNOX deficiency
reduced cell proliferation, as determined by colonyformation assays. A subsequent study utilizing shRNA
to specifically and effectively inhibit tNOX expression
in HeLa cells showed that tNOX knockdown attenuated
cell proliferation and migration by interfering with the
[14]
Rac pathway . In another study, tNOX-knockdown
was shown to sensitize cells to stress-induced
apoptosis in human HEK293 cells derived from human
[13]
embryonic tissues , which share properties with
cancer. Notably, we found that tNOX is abundantly
expressed in these embryonic cells. Conversely, a
gain-of-function approach showed that tNOX over
expression in non-cancerous MCF-10A cells gave rise
to enhanced invasiveness, an aggressive feature of
cancer cells, confirming a vital role for tNOX in cancer
[47]
progression . Moreover, transient up-regulation of
tNOX in HCT116 cells augmented cell proliferation and
[46]
migration in vitro and in vivo . These phenomena
were also observed in A549 human lung cancer cells,
demonstrating that an epithelial-to-mesenchymal
transition mechanism may be involved in the enhanced
[22]
cell migration associated with tNOX up-regulation .
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CONCLUSION
In this review, we summarized the recent literature
on the biological function of tNOX in gastric cancer
cells. We also considered the paradoxical effect of cap
saicin on cancer growth and tNOX expression, which
results in differential cellular outcomes. Collectively,
these various lines of evidence establish a significant
regulatory role for tNOX in cancer cell proliferation,
survival, and migration. This information may provide
a reasonable framework for the future development
of tNOX-targeting agents as a new class of anti-tumor
therapeutics.
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Abstract
In the two past decades, a number of communications,
case-control studies, and retrospective reports have
appeared in the literature with concerns about the
development of a complex set of clinical, laboratory and
histological characteristics of a liver graft dysfunction
that is compatible with autoimmune hepatitis. The
de novo prefix was added to distinguish this entity
from a pre-transplant primary autoimmune hepatitis,
but the globally accepted criteria for the diagnosis
of autoimmune hepatitis have been adopted in the
diagnostic algorithm. Indeed, de novo autoimmune
hepatitis is characterized by the typical liver necroinflammation that is rich in plasma cells, the presence
of interface hepatitis and the consequent laboratory
findings of elevations in liver enzymes, increases in
serum gamma globulin and the appearance of nonorgan specific auto-antibodies. Still, the overall features
of de novo autoimmune hepatitis appear not to be
attributable to a univocal patho-physiological pathway
because they can develop in the patients who have
undergone liver transplantation due to different
etiologies. Specifically, in subjects with hepatitis C virus
recurrence, an interferon-containing antiviral treatment
has been indicated as a potential inception of immune
system derangement. Herein, we attempt to review
the currently available knowledge about de novo liver
autoimmunity and its clinical management.
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transplant recipients for ESLD not caused by a previous
autoimmune liver disease, has been described over
the years in pediatric and adult LT. Likely because of
its incomplete understanding, this disease has not
yet been given a universally accepted denomination.
The most common name of this condition, i.e., de
[9]
novo autoimmune hepatitis, was first used in 1998
(herein, “de novo” followed by the acronym AIH
will be used), but has also been called post-LT AIH[10]
[11]
like hepatitis , graft dysfunction mimicking AIH ,
[12]
posttransplant immune hepatitis , plasma-cell
[4,13]
[14]
hepatitis
, and de novo immune hepatitis . The
earliest descriptions of de novo AIH were reported
in 1998 in pediatric patients and in 1999 in adult LT
recipients who presented laboratory, autoimmune and
[9,15]
histological features consistent with classic AIH
.
A series of subsequent reports and studies increased
[12,16-30]
the awareness of this disease in both children
[4,11,13,14,31-53]
and adults
. The experiences published
thus far appear to be very heterogeneous in terms of
methodology, patient identification and population size.
The earliest description of autoimmunity-related
[9]
graft dysfunction in children concerned 7/180 children
who were observed for at least 5 years after LT. All
seven of the patients presented histological features
that were suggestive of de novo AIH: hypergammag
lobulinemia, high titers of antinuclear antibodies (ANA),
and/or smooth muscle antibodies (SMA) and/or liver
kidney microsomal (LKM) or even “atypical” LKM (only
kidney stained) autoantibodies, and 6/7 exhibited
[9]
satisfactory responses to steroids and azathioprine . In
this cohort, 5/7 patients had donor-HLA-DRB1*03:01
and/or HLA-DRB1*04:01 allele for human leukocyte
[9]
antigen (HLA) , but the frequency was similar to
the control group. Shortly after this description, a
particularly severe course of de novo AIH in a pediatric
[18]
population was described by Gupta et al
in 2001.
These authors reported on 6/115 LT recipients with at
least 5 years of post-LT observation who developed de
novo AIH. The diagnosis was definitively confirmed by
[54,55]
International Autoimmune Hepatitis Group (IAHG)
score in only one child, and the results from the other
[18]
children indicated probable de novo AIH . Regardless,
severe progression to bridging fibrosis occurred in
80% of the patients, and graft loss occurred in 33%
[18]
despite steroid and azathioprine treatment . In the
past decades, the monitoring of graft dysfunction with
possible autoimmune etiology was globally sensitized
for adult LT recipients. Particular focus was put on
patients with HCV recurrence who developed de novo
AIH features during or following an interferon-based
antiviral treatment course. At our hospital, 9/44 LT
patients who were treated from 2001 to 2004 with
pegylated interferon (Peg-IFN) and ribarivin (RBV)
for HCV recurrence experienced graft dysfunction
[32]
compatible with de novo AIH . Despite prompt
treatment, 2/9 of these patients died, one had graft
failure, and one required re-LT. Among the 5 patients

Core tip: A post-transplant pathological entity that is
characterized by liver enzyme peaks, circulating autoand alloantibodies and histological findings of interface
hepatitis and plasma-cell infiltrates has been described
and is considered to be a diagnostic challenge.
Although the optimization of the immunosuppressive
regimen should be an efficacious tool for both its
prevention and treatment, rescue onsets can occur
with scenarios that threaten the graft and the patient’s
life. Hepatitis C recurrence is not the only pathogenic
context of its occurrence in liver transplants, thus the
clinical interest in this condition remains high.
Vukotic R, Vitale G, D’Errico-Grigioni A, Muratori L, Andreone P.
De novo autoimmune hepatitis in liver transplant: State-of-the-art
review. World J Gastroenterol 2016; 22(10): 2906-2914 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i10/2906.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i10.2906

INTRODUCTION
Liver transplantation (LT) represents the rescue therapy
for end-stage liver disease (ESLD). The management
of LT recipients is a complex issue because the
natural history of the long-term survivors has been
observed to depend on the possible development of
unpredictable clinical complications such as acute and
chronic rejection, de novo autoimmunity, and fibrosing
[1-3]
cholestatic hepatitis . For nearly two decades, the
literature has provided information about series of LT
patients, including children and adults, who develop
transaminases increases, histological features of
plasma-cell infiltrate and typical autoimmune liver
serology. This phenomenon has been observed to
be particularly challenging when it occurs during
treatment with interferon for hepatitis C virus (HCV)
[4]
recurrence . While the recurrence of genuine
autoimmune hepatitis (AIH) after LT should be dreaded
[5-8]
in the mid-long-term , true de novo AIH can develop
unpredictably in any period following LT, particularly
in the setting of HCV recurrence. The hypotheses
regarding the pathogenic pathways are not conclusive,
and the examined risk factors have primarily focused
on immunosuppression reductions or withdrawals,
predisposing graft and/or host haplotypes and the use
of immunomodulating agents. A prompt diagnosis and
appropriate treatment of de novo AIH can prevent
disease progression and graft loss.

COMMON DEFINITIONS AND CURRENT
KNOWLEDGE
Autoimmune-based liver graft injury typically
characterized by features of AIH, but occurring in
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for whom remission was obtained, 3 experienced
HCV-RNA relapse. In this series, no association was
observed between the HLA type and the development
of de novo AIH. In contrast, the administration of
granulocyte colony-stimulating factor (GCSF) for the
treatment of neutropenia appeared to be a protective
factor while the use of anti-lymphocyte antibodies was
significantly correlated with the development of de
[32]
[4]
novo AIH in this cohort . Fiel et al reported series of
214 biopsies from 38 LT recipients between 1994 and
2006 that met the criteria for plasma-cell hepatitis. A
high rate (55%) of acute graft rejection was reported
in this population. The patients received one of the
following treatments either alone or in combination:
azathioprine, 6-mercaptopurine, prednisone, methylprednisolone, mycophenolate mofetil (MMF), and
increased doses of a calcineurin inhibitor. Satisfactory
outcomes were observed in 40% of the patients, and
among the remaining patients, 10 died, 3 underwent
re-LT, and 10 developed disease progression to
[4]
cirrhosis . More recently, cases of plasma-cell hepatitis
during or after triple antiviral therapy with Peg-IFN, RBV
[38]
and telaprevir have been described. Ikegami et al
reported 3 cases of plasma-cell hepatitis development
during Peg-IFN and RBV treatment, shortly after the
completion of triple regimen with telaprevir. Because
significant drug-drug interactions are known to
occur between calcineurin inhibitors and telaprevir,
the patients received reduced doses of cyclosporine
during telaprevir co-administration and were closely
[38]
monitored for cyclosporine levels . Following the
onset of plasma-cell hepatitis, all cases were rescued
with immunosuppressive regimen optimization via
steroid pulses, increased cyclosporine doses, and/or the
addition of MMF. In one case, the antiviral treatment
[38]
was stopped for safety issues .

function via the recognition of self-antigens of the
type Ⅱ major histocompatibility complex (MHC) by
the T cells in a manner similar to that observed in
graft-vs-host disease, by inducing a reduction in the
production of interleukin-2 which is normally required
[62]
for the survival and the proliferation of T-reg cells .
Notably, interactions between immunosuppressors and
the maturation of the T cells have been hypothesized
to exert even greater influence on immature immunity
[63]
e.g., in child LT recipients .
Moreover, viral molecular mimicry is believed to be
[59]
among the potential causes of de novo autoimmunity ,
particularly the one exhibited by ubiquitous viruses, such
as cytomegalovirus, Epstein-Barr virus and parvovirus,
which are often found to infect immunosuppressed
subjects and have been confirmed to be involved in a
[49,64]
series of LT developing autoimmune features
.
With special regard to the recurrence of HCV,
the possible mechanisms that characterize de novo
[2]
AIH in this setting have recently been delineated .
Specifically, it is hypothesized that interferon-alpha
(acting on specific interferon-stimulated genes and
in the context of the up-regulation of class I MHC)
stimulates the activation of T-cells which, through
the intensification of pro-inflammatory activity,
[2]
enhance the presentation and release of antigens .
Apart from the virtuous effect on viral clearance, the
recognition of viral antigens at the same time may
lead to the expression of self-antigens, which can
result in an alloimmune reaction sustained by memory
[2,42,65]
T-cells
.

HISTOLOGICAL FEATURES
In complex clinical settings in which different
parameters (e.g., the presence of autoantibodies
without signs of effective liver injury) can mislead
diagnosis, if a reasonable clinical suspicion emerges
the liver biopsy should be performed. Thus far, the
commonly observed histological characteristics of de
novo AIH have been assimilated with those already
described for classic AIH. Interface hepatitis and portal
tract mononuclear infiltrate rich in plasma-cells are
typical findings (Figure 1) along with accentuated
lobular inflammation and necrosis, hepatocellular
rosette (Figure 2) and features of centrolobular perive
[1,66]
nulitis
. The interpretation of the liver histology is
more complex for de novo AIH than for primary AIH
because the former may be affected by conditions
that resemble autoimmune liver injury and that by
definition do not affect native livers, such as acute
[1]
and chronic rejection . A particularly abundant
presence of plasma cells in the portal tract and an
intense interface inflammation generally address the
diagnosis but do not exempt from a careful differential
[67,68]
appraisal
. Moreover, some intrinsic variables may
influence the reading of liver allograft biopsy, such as
the primary diagnosis that led to LT, the time from LT,

PATHOGENESIS INSIGHTS
Although the pathogenesis of de novo AIH in LT has
not yet been fully clarified, it is generally accepted that
this entity shares similar movens mechanisms with
classical AIH. The susceptible genetic milieu given by
HLA DRB1*0301 and/or DRB1*0401 alleles has been
implicated in AIH pathogensis while its role in de novo
AIH is inconclusive. It is thought that the presentation
of antigens, either by the recipient or donor-presenting
cells, triggers the memory T cells of the host’s immune
system, which results in consequent self-directed
[8,56-58]
immune reactions
. The auto-reactivity of the
T cells is stimulated by a cause that is independent
of chronic inflammatory noxa and possibly leads to
[59]
the endogenous presentation of self-epitopes . This
[59-61]
phenomenon is known as “epitope spreading”
.
The mechanisms that are thought to contribute to the
genesis of liver graft autoimmunity are at least in part
[8]
induced by immunosuppressive agents . Calcineurin
inhibitors may cause the impairment of T-reg cells
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Figure 2 The lobule shows hepatocellular rosettas. HE staining, 20 ×.

absence of prior major clinical or laboratory findings.
Recently, an evaluation of the significance of nonorgan specific autoantibodies was performed in a
large transplanted population and revealed that the
presence of serological autoimmunity seldom occurs
in parallel with concrete clinical manifestations of
[36]
autoimmune hepatitis . This finding suggests, and it
is indeed also our real-life experience, that liver biopsy
is the most reliable diagnostic tool. The exclusion of
possible distinct causes of graft dysfunction should
comprise acute and chronic rejection, HCV recurrence
focusing on its autoimmune-like presentation, biliary
obstruction/stenosis, vascular complications, recurrent
disease in recipients who received LT for primary biliary
cirrhosis or primary sclerosing cholangitis and ex novo
viral infections. Alternative biliary complications should
be carefully excluded, particularly in patients who
present with rapid laboratory deterioration including
hyperbilirubinemia, which could reflect either a
mechanical obstruction or the progression of underlying
misrecognized de novo AIH to the deterioration of
liver functionality. The application of the internationally
[54,70]
agreed scoring systems for the diagnosis of AIH
to
clinical, laboratory and histological parameters should
definitely (or with high likelihood) confirm a suspected
diagnosis of de novo AIH in subjects with consistent
scores for whom the abovementioned alternative
diseases can be excluded. However, in LT setting the
immunosuppressive therapy could interfere with some
of the parameters of the diagnostic criteria for the
genuine AIH (e.g., autoantibody profile). A complete
response to the standard immunosuppressive regimen
for AIH (i.e., generous steroids doses in association
with azathioprine) further supports the diagnosis.
Notably, the steroids introduction for de novo AIH
should be based on a meticulous diagnostic evaluation,
particularly in patients with HCV recurrence, to prevent
[4]
the exacerbation of viral replication .
The typical features that are common to each
potential etiology of late graft dysfunction may be
purposely reassumed to aid the differential diagnosis
(Table 1). Nevertheless, despite apparently welldelineated diagnostic proceedings, a sharp distinction

Figure 1 The portal tract. A: A moderate plasmacellular infiltrate. There is
moderate interface hepatitis. The bile duct is regular. HE staining, 10 ×; B: A
moderate chronic inflammatory infiltrate with plasma-cells. There is moderate
interface hepatitis. The bile duct is regular. HE staining, 20 ×.

the immunosuppressive regimen, the center’s previous
experience in and awareness of the field, and the
quality of information exchange between the clinician
[1,69]
and pathologist
.

CLINICAL ONSET AND DIFFERENTIAL
DIAGNOSIS
The currently available data regarding the incidence
of de novo AIH indicate rates of 5%-10% in pediatric
LT recipients and 1%-2% in adult LT recipients,
suggesting an infrequent post-LT complication in
adults. Nonetheless, this disease should be considered
when liver necrosis enzymes increase occurs in
LT recipient, regardless of the post-LT epoch of
development. Beginning with this laboratory finding, a
differential algorithm is crucial for a correct diagnostic
conclusion. Contextually, the elevation of gammaglobulin levels should be observed and graded, and
the non-organ specific autoantibodies should be
[7,8]
characterized
by an expert laboratory. In this sense,
smooth-muscle antibodies positivity appears to be the
most pathognomonic finding. With these concerns, the
liver biopsy is performed and the histological features
of de novo AIH should be observed to predominate
[66]
over other etiologies of liver damage . It is of note
that in some cases, the diagnosis of de novo AIH
arises from a standard one-year post-LT biopsy in the
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[1,2,7,8,58]

Table 1 Differential features of de novo autoimmune hepatitis from other resembling etiologies of late graft dysfunction

Laboratory
onset

de novo AIH

HCV recurrence

Acute rejection

Chronic rejection

HBV/HCV/HIV/CMV/EBV
negative
Moderate liver enzymes increase

HCV-RNA positive

Transaminases elevation

Low-moderate liver enzymes
increase
ANA frequently positive

Immunosuppressants levels
under protective limits
Autoantibodies negative or
mild positive

Transaminases normal/slightly
increased
Immunosuppressants levels under
protective limits
Autoantibodies negative/mild
positive

Gradual progression to
cirrhosis except severe forms

Rapidly progressive
deterioration of liver function
scores

Silent onset
Slow progression to deterioration
of liver function scores

Chronic logistic infiltrate

Central perivenulitis

Biliary inflammatory and ischemic
pattern: bile ductopenia and
inflammation, artheriolar/capillary
obliterative features or loss

High IgG concentrations

Clinical
presentation

Histology

Treatment

Positivity for ANA, SMA, LKM,
atypical LKM (anti-GSTT1), and/or
AMA
Onset variable from indolent to
overt, may follow an antiviral
treatment for HCV recurrence,
especially when viral clearance is
obtained
IAHG probable/definite diagnosis
Portal tract infiltrate rich in plasmacells
Interface hepatitis
Rosette
Lobular inflammation ± bridging/
confluent necrotic foci

SMA, AMA, LKM rarely
positive

Possible interface hepatitis
Confluent/bridging necrosis
Progression to cirrhosis
Possible fibrosing cholestatic
hepatitis
Prednis(ol)one ± MMF/azathioprine
Antiviral treatment
Immunosuppression levels
monitoring

Hepatic venous endothelitis
Mononuclear/mixed portal
infiltrate
Bile ducts inflammation
Steroids bolus
Adjustment of
immunosuppressive regimen

Steroids bolus
Switch to/addition of a new
immunosuppressant and/or
optimization of current regimen)

AIH: Autoimmune hepatitis; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; CMV: Cytomegalovirus; EBV: EpsteinBarr virus; ANA: Antinuclear antibody; SMA: Smooth muscle antibody; LKM: Liver kidney-microsomal antibody; GSTT1: Glutathione S-transferase T1;
AMA: Anti-mitochondrial antibody; IAHG: International autoimmune hepatitis group; MMF: Mycophenolate mofetil.

[17]

of de novo autoimmunity, particularly from forms of
graft rejection, continues to be frequently question of
[4,34,65,66,71]
nuance
.

was found to be different between the two groups .
In contrast, the authors found that the number of
patients in mono-immunosuppression, the number of
patients to whom steroids were discontinued and the
number of those who presented an allograft rejection
[17]
were all higher in the group of de novo AIH . Notably,
in nearly all of the patients, prednisone with or without
[17]
MMF was found to be a successful treatment choice .
[33]
In 2008 , a study examined the potential role in
the pathogenesis of de novo AIH of immunoglobulin
subtype 4 (IgG4), which has been implicated in
[72]
different autoimmune diseases . Four of 72 (5.6%)
adult living donor LT recipients who underwent trans
plantation within a 10-year period at a single center
[33]
were diagnosed with de novo AIH . The serum
and liver tissue levels of IgG4 of these patients were
adequately measured and found to be normal with
the exception of one patient who exhibited only a
mild positivity and thus suggesting that IgG4 is not
a plausible co-factor in the development of de novo
[33]
AIH .
[73]
Lodato et al
compared LT recipients treated with
GCSF to those who did not receive GCSF in terms of
the incidence of de novo AIH. A significantly lower
incidence was observed in the GCSF group, which
supports the protective immunomodulatory effect
of GCSF against liver autoimmunity in the post-LT
[73]
setting .

RISK FACTORS, PREVENTION AND
TREATMENT
The current knowledge of de novo AIH suggests that
whether and when a patient who has undergone LT
for autoimmunity-unrelated liver disease will develop
de novo AIH are not predictable. The relatively recent
increase in the awareness of this clinical entity has
effectively resulted in numerous reports in literature,
but their heterogeneity continues to preclude the
identification of clear predictive and risk factors of
de novo AIH. Nevertheless, some studies have been
conducted with this purpose. A large case-control study
[17]
was conducted in the United States by Venick et al
with data from 788 grafts received by 619 children in
a single center during an approximately twenty-year
period. Among patients, 41 children who developed
a de novo AIH (6.6%) were successively compared
with control subjects who were matched in terms of
[17]
the year of LT, age at LT and initial diagnosis . None
among the variables that were compared (age, gender,
race, initial diagnosis, ischemia time, graft type,
Epstein-Barr virus and cytomegalovirus infections,
HLA haplotype and immunosuppressive regimen)
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Several studies
were conducted that focused
on the role of the glutathione S-transferase T1 (GSTT1)
gene as a risk factor for de novo AIH development.
[77]
Aguilera et al identified in patients who present with
de novo AIH, specific antibodies produced against donor
GSTT1 gene due to a mismatch between the wild-type
carried by the donor and recipient’s null genotype.
Moreover, a retrospective analysis of liver biopsies
from patients with de novo AIH who expressed GSTT1Ab was conducted by the same authors to explore the
[77]
presence of complement component 4d (C4d) . C4dpositivity was observed to localize in the portal tracts of
nearly all of the de novo AIH specimens, while in two
control groups, sinusoidal C4d-positive pattern was
present in 4/7 biopsies from patients who experienced
[77]
rejection . Finally, this question was further explored
in successive studies that identified the influence of
the type of immunosuppression on the definite clinical
[78]
manifestations of GSTT1 genetic mismatch . In the
latter data, among 35 LT recipients a significantly
greater proportion of those who did not produce
anti-GSTT1 antibodies and did not manifest de novo
AIH was observed among the patients who received
tacrolimus (± MMF) than among those who received
[78]
cyclosporine . In a study of a GSTT1-mismatch
positive LT population, the male gender of the donor
and non-alcohol related pre-LT disease were found to
[79]
be predictive of de novo AIH .
[80]
In another study an enhanced immunosuppressive
regimen that included steroids in addition to tacrolimus
and MMF, has been shown to be protective against
late graft rejection. In turn, as reported in the above
mentioned studies, the occurrence of rejection was
implied to be a predisposing factor for the appearance
[17]
of de novo AIH . Indeed, a study of a large series of
adult LT recipients with features compatible with acute
rejection observed that more than half of the patients
[4]
were effectively diagnosed with de novo AIH .
Finally, it is worth noting that in LT recipients for
HCV-related end-stage liver disease, HCV per se can be
associated with serum autoimmunity profile positivity
[81,82]
and the systemic manifestations of this condition
.
Indeed, HCV infection is thought to incite autoimmune
[83]
injury in genetically predisposed subjects .
Corticosteroids remain the milestone of the
treatment of de novo AIH but should be accompanied
[84]
by the optimization of calcineurin inhibitors posology .
Azathioprine or MMF should be added, whereas
calcineurin inhibitors and steroids do not provide prompt
[84]
benefit .

in-depth pathophysiological studies and the sharing of
real-life experiences of therapeutic approaches. Steroids
seem to be successful in most cases, but there is no
universally accepted therapeutic scheme, and the most
adequate treatment needs to be tailored according to
each patient’s clinical history and situation.
In the near future antiviral treatments for post-LT
HCV recurrence will hopefully be fully based on potent
new direct-acting antiviral agents in all-oral, interferonfree regimens. However, de novo AIH has been widely
observed to develop in LT recipients with etiologies
other than HCV. Therefore, given the complexity of
the follow-up of liver allografts, strict awareness is
needed in this setting for the detection and correct
interpretation of liver enzymes increase, particularly
during but not limited to long-term post-LT follow-up.
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REVIEW

Combination could be another tool for bowel preparation?
Jae Seung Soh, Kyung-Jo Kim
decreasing the procedural time and procedural-related
complications. Although high-volume polyethylene
glycol (PEG) solution is the most frequently used
preparation for bowel cleansing, patients are often
unwilling to take PEG solution due to its large volume,
poor palatability, and high incidence of adverse
events, such as abdominal bloating and nausea.
Other purgatives include osmotic agents (e.g. ,
sodium phosphate, magnesium citrate, and sodium
sulfate), stimulant agents (e.g. , senna, bisacodyl,
and sodium picosulfate), and prokinetic agents (e.g. ,
cisapride, mosapride, and itopride). A combination of
PEG with an osmotic, stimulant, or prokinetic agent
could effectively reduce the PEG solution volume and
increase patients’ adherence. Some such solutions
have been found in several published studies to not
be inferior to PEG alone in terms of bowel cleansing
quality. Although combination methods showed similar
efficacy and safety, the value of these studies is limited
by shortcomings in study design. New effective and
well-tolerated combination preparations are required, in
addition to rigorous new validated studies.
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Core tip: Selecting optimal purgatives is essential
for achieving effective bowel preparation. Although
polyethylene glycol is the most widely used solution,
there are several agents for bowel cleansing including
osmotic and stimulant agents. Thus, combination
methods of these agents could be an option to improve
the cleansing quality and patients’ adherence. We
reviewed comparison studies between combination
and single agent preparations. The biggest benefit of
combinations in most studies is to reduce the volume
of cleansing solutions, which could improve patients’
compliance for bowel preparation. However, new
effective and well-tolerated combination preparations
are required for more effective bowel preparations.
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Abstract
Optimal bowel preparation increases the cecal intu
bation rate and detection of neoplastic lesions while
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reviewed and additional references were identified
from the references listed in each paper.

Soh JS, Kim KJ. Combination could be another tool for bowel
preparation? World J Gastroenterol 2016; 22(10): 2915-2921
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
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COMBINATION METHODS FOR BOWEL
CLEANSING
Combination of PEG and osmotic agents

INTRODUCTION

PEG and NaP are the two most widely studied solutions
for bowel preparation. Despite a high volume and
unpleasant taste, PEG has a good cleansing effect.
Currently, aqueous NaP, a low-volume hyperosmotic
agent, is not recommended due to safety issues,
with acute phosphate nephropathy reported following
the use of NaP. Thus, patients with impaired renal
function, dehydration, hypercalcemia, or hypertension
treated with angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers should not use this
[9-11]
solution
. The Food and Drug Administration in
the United States recommend that NaP was used
as a laxative at the lower dose. In response to the
[12]
disadvantages of these two agents, Bae et al
reported that 2 L PEG with a single dose of 45 mL
NaP provided good cleansing quality and compliance,
which was similar to 4 L PEG. Although the serum
levels of sodium and phosphorus increased and the
serum levels of calcium and potassium decreased after
bowel preparation using 2 L PEG and NaP, there were
no serious adverse events. Another study in Korea
showed that 2 L PEG plus 90 mL NaP resulted in better
bowel preparation quality than 4 L PEG, although
[8]
the frequency of hyperphosphatemia was higher .
A low dose PEG plus NaP was not inferior for bowel
cleansing and patients showed better compliance than
those with a full-dose single agent. In addition, the
electrolyte imbalance resulting from elevated sodium
and phosphate was acceptable.
Sequential intake of PEG and sodium sulfate is
another PEG and osmotic agent combination option.
Sodium sulfate does not cause renal tubular injury
[13]
in animal models . A randomized, controlled trial
examining bowel preparation quality showed that 473
mL oral sulfate solution plus 2 L sulfate-free PEG was
not inferior to 2 L PEG solution containing ascorbic acid
[14]
or 10 mg bisacodyl plus 2 L sulfate-free PEG . In that
study, the combination method of PEG and sodium
sulfate given in a split dose had a bowel preparation
success rate of 93.5%. Although vomiting was more
frequent in the PEG plus sodium sulfate group, serious
adverse events did not occur.
Studies have also investigated the use of com
bination regimens of magnesium citrate and PEG
for bowel preparation before colonoscopy. A study
published in 1997 showed that oral magnesium citrate
taken 2 h prior to PEG reduced the volume of PEG
required for bowel cleansing, decreased endoscopic
time, enhanced the preparation quality, and was
[15]
better tolerated by patients . A recent prospective
randomized study was performed in patients who

Adequate bowel preparation is one of the most
important prerequisites for effective and safe
colonoscopy. Suboptimal bowel preparation leads to
a lower cecal intubation rate, prolonged procedural
time, reduced adenoma detection rate, and increased
[1-3]
risk of procedural-related complications
. To
achieve excellent or good bowel preparation, effective
purgatives are essential. Several bowel preparation
agents for colonoscopy are available, including polye
thylene glycol (PEG)-based solutions that contain
a nonabsorbable polymer; osmotic agents such as
sodium phosphate (NaP), magnesium citrate, and
sodium sulfate; and stimulant agents such as senna,
bisacodyl, and sodium picosulfate. Finally, several
prokinetic agents, intended to improve bowel motility,
may be used, such as cisapride, mosapride, and
itopride. Comparison studies have investigated several
agents to identify the best colonic cleansing agents
[4,5]
in terms of effectiveness, compliance, and safety .
However, none have shown consistent results regarding
a clean colon, which is vital because up to 20%-25%
of all colonoscopies may have an inadequate bowel
[6]
preparation .
Although the use of a single bowel preparation
agent is efficient and comfortable for patients, the
compliance and adverse events of purgatives vary.
Therefore, several studies have evaluated various
combinations of two agents to improve compliance and
reduce adverse events. Such combinations include the
addition of laxatives to PEG solution or a combination
of two types of laxatives, such as sodium picosulfate/
[1,7]
magnesium citrate (SP/MC)
. In our present
investigation, we reviewed only those studies that
compared combination and single agent preparations.
Here, the combination methods have been classified
as the combination of PEG with osmotic, stimulant, or
prokinetic agents and as the combination of osmotic
and stimulant agents.

SEARCH STRATEGY
We conducted a bibliographic search of the PubMed
(MEDLINE) database from January 1, 1994 to April
30, 2015 using the following keywords: “bowel
preparation”, “bowel cleansing”, “polyethylene glycol”,
“sodium phosphate”, “sodium picosulfate”, “magnesium
citrate”, “bisacodyl”, and “senna”. The search
specifically included English-language medical journals,
[8]
with the exception of one Korean study . All papers
identified by the electronic database search were
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ingested 250 mL magnesium citrate on the day before
the procedure followed by 2 L PEG on the day of the
procedure and in those who received 4 L PEG in a 1-d
[16]
or split-dose (2 L + 2 L) regimen . Colonic cleansing
(excellent or good according to the Aronchick scale)
was more satisfactory in the combination group than
in the 1-d 4 L PEG group. Moreover, patients preferred
the combination preparation than either 4 L PEG
preparations.
A new combination protocol for bowel preparation
using 2 L of magnesuim sulphate mineral water and
2 L of low-volume PEG with electrolyte was studied in
[17]
13914 European patients . Excellent or good bowel
cleansing was achieved in 13378 (96.23%) patients
and it proved that combination method was effective
in large population.
Taken together, the results of the above studies
show that the addition of osmotic agents to PEG solu
tion could reduce the PEG volume, thereby improving
patients’ bowel preparation compliance and bowel
cleansing quality.

bisacodyl produced similar rates of excellent/good
bowel cleansing compared with 4 L PEG. Therefore,
low-volume PEG with bisacodyl might be a reasonable
regimen if it is proven in additional trials to not
increase the risk of ischemic colitis.
Sodium picosulfate, another stimulant agent,
has been combined with low-volume PEG solution
for bowel preparation. A combination trial of sodium
picosulfate and PEG was compared with NaP tablet in a
[23]
prospective randomized crossover design in Japan .
The colon cleansing effectiveness of a combination
of 2 L PEG with 150 mL sodium picosulfate was not
significantly different from that of NaP. However,
the patients’ overall satisfactory impressions of the
preparations were worse in the combination group
than in the NaP group (60.5% vs 77.9%, P = 0.001)
because the frequency of nausea was higher in the
PEG and sodium picosulfate group.
High-dose senna (24 tablets, each containing
12 mg of concentrated extract of sennosides),
an anthraquinone derivative that promotes the
accumulation of water and electrolytes in the colonic
lumen and stimulates intestinal motility, has been
shown to be an effective colon cleanser with good
patients’ compliance and overall tolerance of colon
[24]
cleansing compared with PEG . However, about
30% of patients reported abdominal pain and cramps
after taking senna. For that reason, a combination
method of a half-dose of senna (12 tablets of 12 mg)
and 2 L PEG was compared with high-dose senna (24
[25]
tablets) . The combination group showed a similar
colonic cleansing quality as the high-dose senna group
(90.1% vs 88.3%, P = 0.62). On the other hand, the
rates of moderate-to-severe abdominal pain related to
bowel preparations were 6% in the combination group
and 15.2% in the high-dose senna group (P = 0.009).
The half-dose combination method of senna and PEG
could be a reliable alternative method to the standard
high-dose senna regimen.

Combination of PEG and stimulant agents

Bisacodyl has long been used as a laxative, despite
the risk of ischemic colitis at high doses. However, the
efficacy of a regimen of 15 mg bisacodyl at bedtime
and 2 L PEG in the morning was similar to that of a
4 L PEG regimen in terms of bowel cleansing, cecal
intubation time, and adenoma detection rates and
[18]
did not increase the incidence of ischemic colitis . A
modified regimen of 15 mg bisacodyl plus 2 L splitdose PEG (1 L given the day before and on the day of
colonoscopy) resulted in a 90.6% good or satisfactory
bowel preparation rate, compared with 77% in a 4 L
[19]
PEG group (P = 0.003) . In addition, adherence to
the regimen instructions was higher in the bisacodyl
plus PEG group than in the 4 L PEG alone group (97.1%
vs 87.3%, P = 0.003).
One meta-analysis examined the use of lowvolume PEG and bisacodyl for bowel preparation
[20]
before colonoscopy . This meta-analysis included
six randomized controlled studies and found no
statistically significant differences in the rates
of satisfactory and excellent bowel preparations
between 2 L PEG with bisacodyl 10-20 mg and 4 L
PEG. However, patients who received 2 L PEG with
bisacodyl had a significantly less nausea, vomiting,
and bloating than those who received 4 L PEG. A
newly developed electrolyte-free PEG (MiraLAX; Merck,
Whitehouse Station, NJ, United States) combined
with a carbohydrate-electrolyte solution (Gatorade;
PepsiCo, Chicago, IL, United States), which have the
advantages of low volume and improved palatability,
was inferior to regular 4 L PEG in a meta-analysis of
[21]
various randomized controlled trials . Accordingly, the
ability of the MiraLAX-Gatorade plus bisacodyl regimen
[22]
to improve bowel preparation has been studied .
The combination of MiraLAX-Gatorade and 20 mg
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Combination of PEG and prokinetics

Prokinetics stimulate colonic peristalsis and may be
used as an adjuvant agent for bowel preparation. One
prokinetic, cisapride, has been used in an attempt to
improve colonic cleansing. A combined regimen of
cisapride and PEG improved colonoscopy visualization
[26,27]
and alleviated symptoms such as vomiting
.
However, cisapride has been withdrawn from the
market because of serious cardiac adverse events. The
efficacy of other prokinetics, including mosapride and
itopride, for bowel preparation before colonoscopy has
[28]
been studied. Mishima et al
showed that patients
who received 5 mg mosapride citrate or 50 mg
itopride hydrochloride 30 min before administration
of PEG solution had fewer uncomfortable abdominal
symptoms than those who received placebo. However,
the addition of mosapride or itopride did not improve
bowel cleansing quality. A randomized controlled study
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SP/MC 2 sachets1 (n = 296)[34]

Osmotic + stimulant agents
SP/MC 2 sachets1 (n = 140)[33]

PEG + prokinetic agents
PEG 2 L + mosapride 5 mg (n = 103) or itopride
50 mg (n = 103)[28]
PEG 2 L + mosapride 15 mg (n = 124)[29]

PEG 2 L + senna 12 tablets (n = 141)[25]

MiraLAX-Gatorade + bisacodyl 20 mg (n =
383)[22]
PEG 2 L + sodium picosulfate 150 mL (n = 41)[23]

PEG 2 L in split dose + bisacodyl 15 mg (n =
138)[19]
PEG 2 L + bisacodyl 10-20 mg
(n = 761, meta-analysis from six studies)[20]

PEG + stimulant agents
PEG 2 L + bisacodyl 15 mg (n = 78)[18]

PEG 2 L + magnesium citrate 250 mL (n = 73)[16]

PEG 2 L with
bisacodyl 10 mg
(n = 302)

PEG 4 L (n = 145)

PEG 2 L plus
placebo (n = 99)
PEG 2 L plus
placebo (n = 125)

Senna 24 tablets
(n = 145)

NaP tablets
(total 50 g, n = 50)

PEG 4 L (n = 395)

PEG 4 L (n = 779)

PEG 4 L (n = 126)

PEG 4 L (n = 76)

PEG 2 L with
ascorbic acid
(n = 185)
PEG 4 L on the day
before (n = 79) and
in split-dose (n = 80)

PEG 4 L (n = 249)

PEG 2 L + NaP 90 mL (n = 277)[8]

PEG 2 L + oral sulfate 473 mL (n = 186)[14]

PEG 4 L (n = 141)

Comparable agents

PEG + osmotic agents
PEG 2 L + NaP 45 mL (n = 130)[12]

Combination agents

The bowel preparation of the combination group was
more satisfactory than that of the day before group. Patient
satisfaction was highest in the combination group

The overall and segmental bowel preparation quality of the
combination group was better
Successful preparation rates were identical in the two groups

The bowel preparation quality and rate of adverse events were
not different between the two groups

Results

There were fewer uncomfortable abdominal symptoms in the
PEG with prokinetic group
The optimal cleansing rate of left-sided colon was higher in
the PEG with mosapride group. Patients who had previous
colonoscopy experience felt that the bowel preparation was
easier after mosapride addition

The bowel cleansing quality was similar in the two groups.
Tolerability and palatability was better in the SP/MC group
RCT, 12 centers in the United Aronchick and The quality of bowel cleansing was similar in the two groups.
States
Ottawa
Patients' acceptability and tolerability on a questionnaire were
greater in the SP/MC group

Boston

Aronchick

RCT, single center in Japan

RCT, 3 centers in Italy

Aronchick

RCT, single center in Japan

Ottawa

Aronchick

Aronchick

Aronchick

Ottawa

Preparation
scales
Serum sodium and phosphorus were
increased and serum calcium and
potassium were decreased in the
combination group
Occurrence of hyperphosphatemia was
greater in the combination group.
Vomiting was more frequent in the
combination group

Weakness of combinations

The addition of prokinetics did not
improve the bowel cleansing effect

The bowel cleansing quality and adenoma detection rate were
equivalent in the two groups. Mucosal visibility was superior
in the combination group
RCT, single center in Italy
Harefield
The good or satisfactory preparation rate and adherence to the
drinking instructions were higher in the combination group
RCT, 6 studies in the United Aronchick and
The preparation quality was similar in the two groups. The
States, Norway, Canada, and
Ottawa
incidence of adverse events such as nausea, vomiting, and
Australia
bloating was lower in the combination group
Retrospective database
Aronchick
The rates of excellent or good bowel cleansing were similar in
analysis in the United States
the two groups
Crossover design trial, single
Likert
The effectiveness of colonic cleansing was not different
Patients’ overall impressions were worse
center in Japan
between the two groups
and the frequency of nausea was higher in
the combination group
RCT, single center in Italy
Aronchick
The preparation quality was similar in the two groups. The
incidence of abdominal pain was lower in the combination
group

RCT, 2 centers in Italy

RCT, single center in South
Korea

RCT, single center in South
Korea
RCT, 24 centers in the United
States

RCT, single center in South
Korea

Study methods

Table 1 Summary of the combination methods reviewed in this study
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Magnesium citrate 2
sachets2 (n = 182)

RCT, single center in the
United Kingdom

RCT, single center in South
Korea

The overall colon cleansing was superior and the tolerability
was better with the SP/MC regimen

Aronchick and The cleaning efficacy of the right colon of the SP/MC plus PEG Nausea and bloating were more frequent
Ottawa
2 L group was better than that of the SP/MC group
in the SP/MC plus PEG 2 L group than in
the SP/MC group
Likert
Adequate visualization of colonic mucosa was better in the Incidence of abdominal cramps was higher
combination group
in the combination group

RCT, 10 centers in the United Aronchick and
States
Ottawa
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Although the use of a split-dose regimen of a 4 L PEG solution is strongly recommended for elective colonoscopy, the rate of adequate bowel cleansing is only
[41]
approximately 85% . The remaining 15% may have insufficient bowel cleansing for colonoscopy, which results in missed precancerous lesions and increased costs
related to early repeated procedures. Thus, for patients who presented with an inadequate preparation at a previous colonoscopy, combination methods for bowel
preparation should be considered, even though none have consistently shown improved efficacy and safety because of small sample sizes and the use of different
measurements of bowel cleansing quality. Table 1 demonstrates the main results and weakness of combination methods reviewed in this study. Nevertheless, the
biggest benefit of combinations in most studies is the reduced cleansing solution volume. Accordingly, patients tend to experience less adverse events such as
abdominal bloating or nausea, which could improve the compliance of patients for bowel preparation.
To consistently confirm the efficacy of combination regimens, a newer study with new agents such as prucalopride should be performed. Furthermore, simplified
instructions for patients are essential for any successful combination regimen.

CONCLUSION

SP/MC in powder form is a mixture of sodium picosulfate 0.01 g, magnesium oxide 3.5 g, and citric acid 12.0 g . When the powder is dissolved in water, the
magnesium oxide and citric acid form magnesium citrate. This low-volume bowel-cleansing agent has dual osmotic and stimulant activity and has been used in many
countries, including the United States. Two studies showed that SP/MC had adequate efficacy for bowel cleansing and similar patient satisfaction compared with
[31,32]
PEG
. Moreover, two sachets of SP/MC showed better tolerability and palatability than PEG with or without bisacodyl in a few studies, as well as efficient cleansing
[33-35]
[36]
quality
. On the other hand, one study showed that SP/MC provided a lower quality of bowel cleansing than PEG containing ascorbic acid . Thus, one study
[37]
compared all three regimens: three packets of SP/MC, two packets of SP/MC with 1 L PEG, and two packets of SP/MC with 2 L PEG . The combination group of two
packets of SP/MC and 2 L PEG showed better cleansing efficacy in right-sided colon than the other two groups. However, the combination of SP/MC with 2 L PEG was
[38,39]
the least preferred because of nausea and abdominal bloating. Hyponatremia accompanied by seizure and mental change has been reported after using SP/MC
.
Electrolyte imbalance is also a potential problem with SP/MC, especially in older patients.
Senna has also been combined with magnesium citrate for bowel preparation before colonoscopy. One study showed that patients who received magnesium citrate
[40]
plus senna granules were more likely to have adequate visualization of the colonic mucosa than those who took magnesium citrate alone .

Combination of osmotic and stimulant agents

showed that a 2 L PEG plus 15 mg of mosapride citrate regimen had significantly higher optimal bowel cleansing in left-sided colon than 2 L PEG plus placebo
addition, in the subgroup that had previous colonoscopy experience, the patients receiving PEG plus mosapride reported easier bowel cleansing than before.

[29]

One packet contains 10 mg sodium picosulfate, 3.5 g magnesium oxide and 12 g citric acid; 2One sachet contains 11.6 g magnesium carbonate and 17.8 g anhydrous citric acid. PEG: Polyethylene glycol; NaP: Sodium phosphate;
SP/MC: Sodium picosulfate plus magnesium citrate; RCT: Randomized controlled trial.

1

Magnesium citrate 2 sachets2 and senna
(n = 160)[40]

PEG 2 L with
bisacodyl 10 mg
(n = 297)
SP/MC 2 sachets1 + PEG 2L (n = 282) or PEG 1 SP/MC 3 sachets1
L (n = 303)[37]
(n = 307)

SP/MC 2 sachets1 (n = 304)[35]
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MINIREVIEWS

Advances in liver transplantation allocation systems
Michael L Schilsky, Maryam Moini
new and modifying existing allocation policies that
prioritize patients for liver transplantation. Policy
should ensure fair allocation that is reproducible and
strongly predictive of best pre and post transplant
outcomes while taking into account the natural
history of the potential recipients liver disease and its
complications. There is wide acceptance for allocation
policies based on urgency in which the sickest patients
on the waiting list with the highest risk of mortality
receive priority. Model for end-stage liver disease and
Child-Turcotte-Pugh scoring system, the two most
universally applicable systems are used in urgencybased prioritization. However, other factors must
be considered to achieve optimal allocation. Factors
affecting pre-transplant patient survival and the quality
of the donor organ also affect outcome. The optimal
system should have allocation prioritization that
accounts for both urgency and transplant outcome.
We reviewed past and current liver allocation systems
with the aim of generating further discussion about
improvement of current policies.
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Core tip: This manuscript is a review on the different
allocation systems developed in the field of liver
transplantation. The review includes an overview of
the past and current policies with critical discussion. It
also reviews specific studies and suggested allocation
models developed with the aim of improving current
systems.
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Abstract
With the growing number of patients in need of
liver transplantation, there is a need for adopting
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INTRODUCTION

Table 1 Child-Turcotte-Pugh scoring system used as
prognostic tool in cirrhosis

Liver transplantation is accepted as the curative
treatment for end-stage liver diseases (ESLDs), acute
liver failure, for metabolic disease where the liver is
affected or affects other organs and for selected cases
of hepatocellular carcinoma (HCC). Other indications
for liver transplant included selected malignancies such
as hepatoblastoma and neuroendocrine tumors. As
outcomes have improved for graft and patient survival
post liver transplant and the numbers of patients
with liver disease and liver cancer grows, there is
an increasing demand for donor organs. Policies for
allocation and organ sharing have developed world
wide as demand has exceeded supply of donor livers.
Allocation policies vary among different regions of the
world, in specific countries and even between centers
in one area when policy allows.
The most important aim of current allocation
systems is prioritization of patients with the highest
need for transplantation (based on mortality) while not
sacrificing transplant outcome. Systems have been
developed to predict the mortality of patients on the
waiting list for liver transplantation. The Child-TurcottePugh (CTP) score was the first prognostic system used
to prioritize cirrhotic patients for liver transplantation
by the United Network for Organ Sharing (UNOS) in
the United States. Today, model for end-stage liver
disease (MELD) scoring and its modifications has been
succeeded CTP as the standard for use in allocation
policy by many liver transplantation centers worldwide.
In this manuscript we will review the previous and
current accepted allocation policies and discuss
potential modifications aimed at improving overall
outcomes for liver transplantation.

Parameter
Encephalopathy
Ascites

2

3

None
Absent

Grade Ⅰ-Ⅱ
Mild
2.8-3.5 g/dL
4-6
1.7-2.3

Grade Ⅲ-Ⅳ
Moderate to
Severe
< 2.8 g/dL
>6
> 2.3

2-3 mg/dL

> 3 mg/dL

Albumin
> 3.5 g/dL
Prothrombin time
<4
< 1.7
prolongation over control
(in seconds) or INR
Total Bilirubin
< 2 mg/dL
INR: International normalized ratio.
[2]

et al in 1973 substituted prothrombin time for
nutritional status. This grading system was used to
predict the post operation survival of cirrhotic patients
undergoing emergency trans-section of esophagus for
[2]
ligation of bleeding varices . Based on 5 variables,
each scored from 1-3 with total score range of 5-15
(Table 1), the CTP scoring was found to be a valuable
tool to estimate the prognosis in cirrhotic patients,
and had good specificity, high sensitivity, low cost and
[3]
was simple to apply for individual patients . Based
on the prognostic validity of CTP scoring system,
UNOS incorporated CTP score into the classification of
candidates on the wait list for liver transplantation to
help prioritize organ offers (Table 2). CTP score was
used in the classification of UNOS status 2A, 2B and
3, while status 1 was applied for patients with acute
fulminant hepatic failure at high risk of death without
liver transplantation.
In 1997 the American Society of Transplant
Physicians and American Association for the Study of
Liver Diseases released a report on minimal criteria
for placement of adults on the waiting list for liver
transplantation. These included non-disease specific
criteria for cirrhotic patients requiring a minimal CTP
score of 7, and listing irrespective of CTP score for
those who experienced gastrointestinal bleeding
caused by portal hypertension or a single episode of
spontaneous bacterial peritonitis. Disease-specific
criteria included fulminant hepatic failure regardless of
etiology. It was also suggested that specific risk scores
for primary biliary cirrhosis and primary sclerosing
[4]
cholangitis (PSC) would replace Child’s classification .
There were several limitations of the allocation
system based on CTP score. Grading of encephalopathy
and the amount of ascites, subjectively determined
variables, may be affected by inter-observer variability
and also by medical treatment. The status of renal
function was not directly accounted for in CTP scoring.
Renal dysfunction has a negative impact on the survival
[5]
of patients with ESLD and specially for the rapidly
progressive type of renal failure that occurs in the
setting of advanced portal hypertension in cirrhotics,
hepatorenal syndrome type 1, where mortality is very

Past Liver Allocation Policies
(Pre-MELD era)
Prior to 1997, the patient’s need for liver transplantation
was determined by the hospital status (intensive care
vs standard care) and also by time on the wait list.
Patients admitted to the intensive care unit (ICU)
received the highest priority, next were non-ICU
hospitalized patients followed by those who were
outpatients. After 1998 UNOS adopted the CTP scoring
system for prioritization of patients in need of liver
transplantation.

CTP scoring system

The CTP scoring system was first introduced by Child
and Turcotte as a pre-operative risk assessment
tool for cirrhotic patients with variceal bleeding who
[1]
were candidates for portosystemic shunt surgery .
Five variables were utilized: ascites, encephalopathy,
nutritional status, serum bilirubin and albumin levels
for scoring and divided the scores into 3 classes of
A-C for prognosis levels. A later modification by Pugh
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Table 2 Old United Network for Organ Sharing classification
for of candidates for liver transplantation

Table 3 Current United Network for Organ Sharing status
and score assignment for liver transplant candidates

Status

Status 1A: adult or pediatric patient with fulminant hepatic failure
Status 1B: severely ill pediatric patient (≤ 18 yr) with MELD or PELD ≥
25, in ICU
Calculated MELD/PELD score
Exceptional MELD or PELD score
Status 7: inactive status, temporarily unsuitable for transplant

11

Characteristics
Patients with fulminant liver failure or those who their
newly transplanted liver does not function
Patients with chronic liver disease, in critical care unit and
with life expectancy of < 7 d. They have a CTP score ≥ 10
and meet other medical criteria.
Patients with chronic liver disease becoming more urgently
in need of a liver transplantation but do not meet the
criteria of status 2A. They have a CTP score ≥ 10, or a CTP
score of ≥ 7 and at least one of the other medical criteria.
Patients with chronic liver disease under medical care but
not admitted in the hospital and do not meet the criteria for
status 2B.

2A

2B

3

ICU: Intensive care unit; MELD: Model for end-stage liver disease; PELD:
Pediatric end-stage liver disease.

aspects. It relied on only a few objective parameters.
The parameters were simple, reproducible and
measurable by standard tests and offered a continuous
and broad spectrum of scoring.
MELD development was based on adult data and
was not entirely applicable for pediatric groups where
patient growth and development are real concerns.
Therefore, another model, Pediatric end-stage liver
disease (PELD) was developed using data from the
[10]
Studies of Pediatric Liver Transplantation (SPLIT) .
This model utilizes 5 parameters of bilirubin, INR,
albumin, growth failure, and age was shown to be
accurate in the prediction of 3 mo mortality for pediatric
patients waiting on the liver transplant list.
Since 2002, MELD was adopted by UNOS for
prioritization of patients on the wait list for liver
transplantation in the United States. The previously
defined status I was maintained and MELD replaced
status 2A, 2B and C (table 3). The new system had
gone through multiple analyses in different groups
of patients with various causes of liver disease on
the waiting lists for liver transplantation. As a result
of these analyses, some modifications were made.
The maximum serum creatinine level was set as 4
mg/dl for patients on hemodialysis (and other forms
of renal replacement therapy) were given a serum
creatinine level of 4 mg/dl even if treatment reduced
their laboratory values. MELD score was given a cap of
40 and higher levels did not receive additional priority
as all patients at this level have a very high mortality.
Waiting time was applied only for patients with equal
MELD/PELD score, and those with longer wait time on
[11]
the list received priority .
In this new era, other indications for prioritization
for liver transplantation not addressed by MELD/PELD
scoring were considered. Patient with HCC stage Ⅰ and
Ⅱ received a MELD score of 24 and 29, respectively
and would receive additional points every three
months, granted by UNOS Regional Review Boards
(RRB) for the 11 regions, after re-evaluation of their
tumor status while on the waiting list. It was also
possible to grant higher priority (MELD exception
scores) after review by individual RRB. Exceptions
were granted and eventually standardized with respect
to criteria for conditions such as hepatopulmonary
and portopulmonary syndrome, and other metabolic

1

These most critical patients include patients with fulminant hepatic
failure; Primary non-function within 7-d of transplant; hepatic artery
thrombosis (HAT) within 7-d of transplant and acute decompensated
Wilson’s disease. CTP: Child-Turcotte-Pugh.

[6]

high . Another problem with this classification was the
extremely broad categorization of class 2B. The system
had only 3 categories of disease severity and many
patients in class 2B category had low mortality risk,
and the number of patients in this group expanded
and became very large. This led to long wait time for
transplantation as time on the list within a particular
category determined which patients received organ
offers. There also was no priority for patients with HCC,
leading many of these patients to be removed from
the list due to tumor progression or spread beyond the
liver.

Current Standard Allocation
System (model for end-stage liver
disease era)
[7]

In April 2000, Malinchoc et al published the result
of their multicenter study leading to development
of a survival model in cirrhotic patients undergoing
trans-jugular intrahepatic protosystemic shunt (TIPS)
procedure. The model, introduced as Mayo TIPS
model, was shown to be valid in prediction of early
death following elective TIPS insertion for refractory
ascites or prevention of variceal bleeding. In 2001
the same group released their study result showing
reliability of this model with minor modification for
the prediction of early mortality in patients with end
[8]
stage liver disease . The new scoring system was
introduced as model for end-stage liver disease (MELD)
and utilized the variables serum bilirubin and creatinine
level, International Normalized Ratio (INR), and the
etiology of liver disease. The impact of the etiology
of liver disease on the predictive ability of MELD was
revealed to be minimal in further analysis, so it was
[9]
later deleted from the MELD .
MELD was superior to CTP scoring in several
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[11]

disorders including familial amyloidosis . Other
exceptions for treatment failures for complications
of liver disease were considered on a case by case
basis by the local RRB whose membership voted to
approve or disapprove exceptions submitted for review
(discussed below).
The first year impact of the new MELD/PELD
allocation prioritization system was impressive. Fewer
candidates were added to the wait list for liver trans
plantation, there was a significant increase in deceased
donor liver transplantation and fewer (but non-signi
ficant) removals from the list because of death or being
too sick without changing post-transplant outcomes.
The application of MELD predictably led to an increase
in the rate of transplantation for HCC, but also to a less
desirable effect of increasing the numbers of combined
[12]
liver and kidney transplantation .
An important concept was introduced into practice
following the analysis of the survival benefit of
patients receiving liver transplantation for patients
stratified by pre-transplant MELD score. One-year
survival of patients with MELD scores of less than 15
was adversely affected by liver transplantation when
compared with patients who remained on the list.
This effect was highest among patients with MELD
[13]
score of 6-11 . This finding altered the practice of
many transplant centers in that they no longer actively
placed patients on the wait list if their MELD score
was < 15 unless they had other complications of their
liver disease or HCC that increased the urgency for
transplantation.
To facilitate prioritization of the most urgent
patients and reduce the waiting list mortality, a new
policy called “Share 35” was adopted by UNOS in
2013. Increasing MELD increment correlates with
increased wait list mortality, but patients with MELD
scores over 35 are at the highest risk of mortality,
[14]
similar to that for patients with Status 1-A .
According to Share 35 policy, patients with MELD
scores over 35 on waiting lists within a region get the
highest priority for organ receiving after Status 1-A
patients. The first 12 mo analysis after adoption of
Share 35 policy showed an increase in transplant rate,
less drop outs due to medically too ill to transplant,
lower wait list mortality and no change in early post
[15]
transplant outcomes . These data suggest that
“share 35” achieved its initial goals of helping those
most ill on the United States national wait list for liver
transplant, but further analysis of long-term outcomes
will be important to determine if true survival benefit
was achieved by transplanting these very ill patients.
Although the MELD system has many advantages
over other scoring systems for organ prioritization,
it is not a perfect system. MELD does not account
for laboratory variability in the measurement of
parameters utilized or the effect of medical therapy to
alter them, an example being the effect of warfarin on
[16]
INR . Serum creatinine is not a perfect indicator of
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renal function, especially in patients with ESLD due to
their low muscle mass and also falsely low estimate of
creatinine measurement in icteric serum when levels
[17]
of bilirubin are very elevated .
The role of clinical judgment in the MELD system
is limited to not listing a patient, or inactivating or
removing patients from the wait list. Complications of
ESLD such as ascites or hepatic encephalopathy are not
considered by the system. Ascites without or with low
serum sodium as a sign of hemodynamic derangement
in the setting of advanced disease was shown to be
associated with increased mortality, even in patients
[18]
with low MELD scores . For this reason new UNOS
policy to modify the MELD score is being implemented
(see below). Hepatic encephalopathy, another com
plication of liver cirrhosis was associated with poor
[19,20]
outcomes
. Even after adjustment for MELD, hepatic
encephalopathy grade 2 and higher was shown to be
associated with poor survival in patients with cirrhosis,
suggesting that encephalopathy grade provides addi
[21]
tional prognostic information independent of MELD .
In another study, poorer outcomes were also observed
with lower grades of hepatic encephalopathy (covert
hepatic encephalopathy) in patients with cirrhosis. An
increased rate of death, hospitalization and progression
to higher grades of encephalopathy occurred despite
[22]
controlling for MELD . However judgement of ence
phalopathy grade is subjective, and influenced by
patient medication adherence, so there has been little
traction for bringing back this parameter of the former
CTP allocation system.
The MELD system is also defective in not consi
dering the impact on quality of life of the cirrhotic
patient. Severe disabling pruritus, recurrent cholangitis
and recurrent variceal bleeding poorly responsive to
accepted medical and interventional management are
[23]
among these complications . For patients with these
complications, it is left to the judgment of the center
and RRB as to whether to appeal for and grant a MELD
exception to these individuals.
In early phase of implementation of the MELD
allocation system, the exception points offered to
HCC patients led to a marked advantage for these
patients to receive liver transplants in comparison with
[12]
non HCC patients on the waiting list . The potential
negative impact of HCC priority on non HCC patients
and low risk of progression to the advanced forms in
[24]
stage I HCC warranted further modification of MELD
priority for HCC. According to the adjustment made
in 2003 and 2005, patients with T1 tumors did not
receive exception points anymore and those with T2
lesions were awarded a score of 22 that was increased
every 3 mo by an amount based on predicted 10%
[25]
increase in 3 mo mortality . Further refinement of
the system included adoption of very specific radiologic
criteria for HCC beyond the prior presence of “arterial
enhancement” that all centers needed to document in
liu of direct histological demonstration of HCC.
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MELD exceptions

would possibly be negatively affected by this delay and
authors suggested MELDEQ based prioritization of these
patients. For those with higher MELD scores, further
evaluation has been suggested before a conclusion is
[25]
reached .
Other standardized MELD exception conditions
include hepatopulmonary syndrome, portopulmonary
hypertension, familial amyloid polyneuropathy, cystic
fibrosis and cholangiocarcinoma.

There are several conditions for which liver transplan
tation is curative that are not addressed by MELD
score alone. To compensate for these limitations of
MELD based allocation for these conditions, a system
of granting exception points was developed. MELD
exceptions fall within two categories: (1) standardized
[26]
exceptions; and (2) non-standard exceptions . For
standardized exceptions such as HCC, hepatopulmonary
and portopulmonary syndrome, due to the presence of
sufficient supporting data, exception points are granted
to patients either automatically with RRB approval or by
RRB discretion. Increases in exception priority scoring
are reviewed by RRB every 3 mo. Non-standardized
exceptions are those conditions considered important
by the transplant team; however, there is no general
agreement for their increased risk of mortality. These
conditions could include cholangitis, recurrent pruritus
[26,27]
and complications of portal hypertension
.

Non-standardized MELD exceptions

HCC beyond Milan criteria is the most common
indication for non-standardized MELD exceptions for
RRB review. There is no standard guideline for offering
exception points to these patients at this time, and
regions are free to establish local policy. One suggestion
published as a consensus recommendation is to
consider only tumors within University of CaliforniaSan Francisco (UCSF) criteria that are down-staged by
ablative or alternative therapies to within UNOS criteria
[26]
(Milan criteria) for exception points . Consideration
is also being given to holding transplantation for those
with elevated AFP above 1000 ng/ml and for not
prioritizing patients with low MELD scores who had a
single small T2 lesion that was successfully ablated
who remain without evidence of tumor recurrence.
Adoption of this AFP cap would reduce transplantation
of patients with high rates of tumor recurrence, and
delay or exclude transplant for those with stable liver
disease in whom there is low probability of death
related to their HCC. Adoption of both criteria would
reduce transplantation of patients with HCC and make
more livers available for others on the list. Current
UNOS requirements for data collection and reporting
for patients transplanted for HCC will help provide
evidence to support either or both of these potential
policy modifications.
Other categories of non-standardized exception
may include hyponatremia, ascites, recurrent bacterial
cholangitis in the setting of PSC and polycystic liver
and kidney disease.
There is a current mandate for UNOS to adopt
a more uniform policy for MELD exceptions so that
allocation remains and even across regions. Whether
there will be creation of a national review board
(as some countries such as the United Kingdom
have adopted) or larger regional review boards that
combine several existing UNOS regions to provide
broader representation is under discussion. However
there are already in place mandated standardized
training for RRB membership and plans to study
some of the issues that have been included in nonstandardized exceptions to determine if there is an
adequate evidence base to consider making nationally
standardized exceptions for these other conditions.
The limitations and imperfect nature of the MELD
allocation system has been an attractive subject for
many studies that have generated suggestions for

Standardized MELD exceptions

Hepatocellular carcinoma is the most common
condition for which standardized MELD exception is
utilized. In the final revision of eligibility of patients
with HCC for MELD exception, T2 tumors within
Milan criteria (one single tumor no more than 5 cm
in diameter or up to 3 tumors each ≤ 3 cm) without
evidence of extra hepatic or vascular involvement
(UNOS criteria) are automatically granted a MELD
score of 22, and no priority was given to T1 patients.
In addition, rules for radiologic criteria for tumor were
adopted, (OPTN criteria, http://optn.transplant.hrsa.
gov/publiccomment/pubcommentpropsub_273.pdf)
and arterial enhancement or “tumor blush” alone was
no longer accepted in isolation. However, even after
implementation of this last policy revision, there was
concern about the advantage of HCC patients over
patients with other indications for liver transplantation
[28,29]
with lower drop out from the list
.
In order to prevent the negative impact of HCC
prioritization on other patients on the transplant
waiting list, UNOS policy is to cap the score given to
patients with HCC exceptions at 34 points so as to not
compete with the most ill patients on the transplant
list being offered organs under Share 35. In addition,
a delay in granting the exception points for all HCC
patients for up to 6 mo was also implemented in order
to weed out those with high risk for rapid tumor growth
and metastatic potential. In a recently published study
a MELD equivalent score (MELDEQ) was introduced to
evaluate the effect of this delay on HCC patients’ list
[25]
drop out and post transplantation survival . MELDEQ
was developed based on the laboratory MELD score,
alpha fetoprotein levels, maximum tumor size, and
number of tumors. The study result supported the 6
mo delay for exception points being granted in patients
with MELDEQ ≤ 15 given the low risk of waiting list
dropout. However, the patients with MELDEQ of 16-21
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system improvement. Some of the suggested models
are based on urgency and consider the highest
priority for the sickest patients similar to CTP and
MELD systems. Others are designed to obtain the
best post-transplant outcomes for graft and longterm patient survival, and take into consideration pre[17]
transplant mortality and post transplant outcomes .
In the following section several of these models are
presented.

MELD/month) was superior to initial MELD score for
prediction of intermediate term outcome in these
[45,46]
patients in some studies
, this predictive ability has
[47]
been also questioned .
However, a national survey on nearly 70000
patients on the waiting list for liver transplantation
demonstrated that registrants with a sudden increase
in their MELD scores defined as “MELD spike” with
more than 30% increment in the MELD over 7 d have
risk for a higher short term mortality but no increased
post transplant mortality. In this study incorporating
“spikes” and MELD scores to a model, the predictive
[48]
ability was superior to MELD alone .

SUGGESTED MODIFICATIONS FOR
CURRENT LIVER ALLOCATION POLICY
MELD-Na

Donor factors

Hemodynamic derangements seen in advanced
cirrhosis usually parallel the severity of disease and
[30]
degree of portal hypertension . Activation of the
renin-angiotensin system and sympathetic nervous
system and secretion of antidiuretic hormone are the
compensatory mechanisms evoked by splanchnic and
systemic vasodilation, with a resulting decrease in
[31-33]
arterial pressure
. The sodium and water retention
that result from these mechanisms are responsible
for ascites formation and in the more advanced form,
dilutional hyponatremia. In addition to reflecting the
severity of hemodynamic derangement, development
of hyponatremia in the setting of liver cirrhosis could
be a predictor of hepatorenal syndrome with its very
[34,35]
poor prognosis
.
Hyponatremia was shown to correlate with a poor
outcome in patients with cirrhosis even after adjusting
[18,36-38]
for MELD score
and incorporation of serum
sodium level to MELD was shown to increase the
[39,40]
predictive ability of MELD for short term survival
.
Using serum sodium level in addition to the bilirubin,
creatinine and INR in a new scoring system named
United Kingdom End-stage Liver Disease was shown to
be superior to MELD score for predicting liver transplant
[41]
wait list mortality . Even in acute decompensated
liver disease the two sodium adjusted MELD models
provided higher prognostic accuracy in comparison with
[42]
MELD .
Although addition of serum sodium to MELD could
increase its predictive ability, it should be considered
that the serum sodium level is not a constant. Serum
sodium may vary by time, treatment and even the
[43]
laboratory . In the United States, one region had
adopted the policy of granting priority exceptions for
[44]
MELD-Na, and published their results . Their data
and the aggregate published data worldwide led to a
policy change whereby MELD-Na will be adopted by
UNOS for allocation. This will be implemented in the
United States in 2016.

Current organ allocation systems based on prioritizing
the sickest patients first are not as perfect in their
prediction of post transplant outcomes given the
dependence of outcome on other factors, the most
important being donor organ quality.
Donor age is one of the most important factors
[49]
affecting both patient and graft survival . This factor
was reported to be particularly important for the
transplant outcome of recipients with hepatitis C, and
the association of older donor age with more rapidly
progressive disease recurrence in the graft and lower
[50-52]
graft and patient survival has been reported
. In
one study, a simple statistic, D-MELD was introduced
for predicting the post-transplant survival. D-MELD was
developed using both pre-transplantation recipient’s MELD
and the donor age, and could be applied for the both
HCV (+) and HCV (-) recipients. In this study authors
concluded that a cut-off level of 1600 could be used to
[53]
predict the poor short and long term outcome .
However, waiting for the best matched donors may
adversely affect patients on the list due to dropout.
Despite the accepted importance of donor age effect
on post transplant outcome, there are some studies
showing good results even with very old donors,
supporting the possibility of expanding the donor
criteria in the era of organ shortage. Furthermore, for
those with HCV, newer therapies with direct acting
antiviral agents offering very high cure rates without
graft or patient injury may counter the effects on post
transplant survival of older donor age with active HCV.
The effect of factors independent of the recipient’s condition
other than the donor age alone has been discussed for
careful older donor selection, including favorable graft
[54]
biopsies and short ischemia time .
Other aspects of the role of age, both for the donor
and recipient in organ allocation have been addressed
in studies. To achieve the best post-transplant outcome,
the kidney allocation system tries to match donors
and recipients’ characteristics (including their ages)
[55]
called longevity matching . Age matching between
donor and recipient has been also addressed in liver
[56,57]
allocation
. Related studies have shown superior
post transplant outcomes for age matched transplants.

Delta MELD

Rapid MELD increment in patients was proposed to
be associated with a worse prognosis. Although it
was shown that MELD increment within 30 d (Delta
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The negative impact of age mismatch on transplant
outcome was observed even among recipients of
[58]
living donor livers . In a recently published study,
the age mapping allocation model was introduced by
[59]
Cucchetti et al
and was shown to be effective in
decreasing the life lost years, mostly for the younger
recipients, achieving an overall 14% reduction. Age
mapping is different from age matching in several
aspects. Age mapping is in keeping with the ethical
principal of justice in that all candidates in any age
have the same chance of receiving an organ. The
system also considers that transplant outcome is not
only defined as post transplant survival rates; but also
takes into account the total life expectancy according
to the expected mortality rate of the general for each
recipient. This model is limited in not addressing other
complexities of liver allocation, particularly status 1
recipients and using only 3 covariates of MELD score >
[60]
30, HCV status, and donor age in the final model .
Several indices using different donor factors have
been developed to help for selecting the best-matched
donors. Donor risk score (DRI) included seven donor
factors and two transplant factors in calculation and
was shown to be useful for prediction of both early
[61]
and late graft failure . In a recently published study,
donor factors found to be independent predictors
of one year graft failure in HCV (+) recipients were
transformed to donor age scales to develop a model
[62]
of corrected donor age . However the use of these
indices in practice has been very limited and center
and patient judgment in offering and accepting organs
remains common practice. Future models that will
help centers and patients calculate the benefit and risk
of accepting or declining an organ will be helpful in
offering a better informed consent to the patient and
may help better match donor organs with recipients.
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CONCLUSION
Current liver allocation systems (MELD/PELD) are
based on prioritization of the sickest patients in
need of transplantation. Studies of specific factors
related to complications of liver disease provided an
evidence base that supported policy changes that has
improved the ability of allocation models to recognize
and help prioritize patients with the most urgent
conditions. Further insights towards understanding
factors, recipient and donor related, that improve
post transplant outcomes should be factored into
future changes in allocation policy. Changes in current
allocation policies for liver transplantation must
continue to strive to achieve optimal fairness while
accomplishing the best utilization of organs.
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AIM: To evaluate the effect of resveratrol, alone and
in combination with fenofibrate, on fructose-induced
metabolic genes abnormalities in rats.
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METHODS: Giving a fructose-enriched diet (FED)
to rats for 12 wk was used as a model for inducing
hepatic dyslipidemia and insulin resistance. Adult male
albino rats (150-200 g) were divided into a control
group and a FED group which was subdivided into
4 groups, a control FED, fenofibrate (FENO) (100
mg/kg), resveratrol (RES) (70 mg/kg) and combined
treatment (FENO + RES) (half the doses). All
th
treatments were given orally from the 9 week till the
end of experimental period. Body weight, oral glucose
tolerance test (OGTT), liver index, glucose, insulin,
insulin resistance (HOMA), serum and liver triglycerides
(TGs), oxidative stress (liver MDA, GSH and SOD),
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serum AST, ALT, AST/ALT ratio and tumor necrosis
factor-α (TNF-α) were measured. Additionally, hepatic
gene expression of suppressor of cytokine signaling-3
(SOCS-3), sterol regulatory element binding protein1c (SREBP-1c), fatty acid synthase (FAS), malonyl CoA
decarboxylase (MCD), transforming growth factor-β1
(TGF-β1) and adipose tissue genes expression of leptin
and adiponectin were investigated. Liver sections were
taken for histopathological examination and steatosis
area were determined.

and fenofibrate ameliorate fructose-induced nonalcoholic
steatohepatitis by modulation of genes expression. World J
Gastroenterol 2016; 22(10): 2931-2948 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i10/2931.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i10.2931

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) and nonal
coholic steatohepatitis (NASH) are now the number
one cause of liver disease in Western countries, in
the Middle East, Far East, Africa, the Caribbean and
[1]
Latin America . The most reproducible risk factors for
NAFLD/NASH are central obesity, insulin resistance,
[2]
fasting hyperglycemia and hypertriglyceridemia .
Induction of NASH seems to be a multi-factorial
process. Thus, suppressor of cytokine signaling
(SOCS) proteins appears to play a key role in the
[3]
induction of insulin resistance in obese rodents .
Furthermore, studies in obese mice proved that SOCS-3
overexpression was linked to decreased tyrosine
phosphorylation of insulin receptor (IR) and insulin
receptor substrate (IRS) proteins. Besides, increased
expression of SOCS-3 was supplementary to enhanced
expression of sterol-regulatory element-binding protein
(SREBP)-1c, a transcriptional activator of all lipogenic
[4]
enzymes . These changes would eventually end up by
an increased rate of fatty acid synthesis and would lead
[5]
to classic fatty liver and increased lipogenesis .
Moreover, adipose tissue plays a key role in energy
homeostasis, since its metabolic products, adipokines
(leptin and adiponectin) exert local, peripheral and
central effects. Leptin is thought to participate in NASH
development while adiponectin is considered as an
[6]
anti-inflammatory adipokine .
Recent studies ascertained that obesity is a
[7]
systemic, low-grade inflammation and that enhanced
expression of tumor necrosis factor-α (TNF-α) is one
of the earliest events after liver injury and that it
[8]
represents a major trigger of the cytokine response .
Currently, the role of oxidative stress in disease
progression from steatosis to steatohepatitis and
[9]
potentially cirrhosis cannot be ignored .
On the other hand, it is well known that fructose is
a highly lipogenic sugar molecule, which triggers the
accumulation of TGs and FFAs into the hepatic tissues
as well as in circulating blood, and leads to insulin
[10]
resistance . Fructose feeding has therefore been
historically utilized as a model for studying various
aspects of hepatic dyslipidemia and insulin resistance.
As for the management of NASH, treatments other
than lifestyle modification by diet and exercise have
[11]
not been fully established . Nonetheless, the use of
antihyperlipidemic agents stems from the association
[12]
of dyslipidemia with NAFLD .
Additionally, several antioxidants were found to
[12]
be effective in NAFLD treatment . One of these is

RESULTS: Rats fed FED showed damaged liver,
impairment of glucose tolerance, insulin resistance,
oxidative stress and dyslipidemia. As for gene
expression, there was a change in favor of dyslipidemia
and nonalcoholic steatohepatitis (NASH) development.
All treatment regimens showed some benefit in
reversing the described deviations. Fructose caused
deterioration in hepatic gene expression of SOCS-3,
SREBP-1c, FAS, MDA and TGF-β1 and in adipose tissue
gene expression of leptin and adiponectin. Fructose
showed also an increase in body weight, insulin
resistance (OGTT, HOMA), serum and liver TGs, hepatic
MDA, serum AST, AST/ALT ratio and TNF-α compared
to control. All treatments improved SOCS-3, FAS, MCD,
TGF-β1 and leptin genes expression while only RES
and FENO + RES groups showed an improvement in
SREBP-1c expression. Adiponectin gene expression
was improved only by RES. A decrease in body weight,
HOMA, liver TGs, AST/ALT ratio and TNF-α were
observed in all treatment groups. Liver index was
increased in FENO and FENO + RES groups. Serum TGs
was improved only by FENO treatment. Liver MDA was
improved by RES and FENO + RES treatments. FENO +
RES group showed an increase in liver GSH content.
CONCLUSION: When resveratrol was given with
half the dose of fenofibrate it improved NASH-related
fructose-induced disturbances in gene expression
similar to a full dose of fenofibrate.
Key words: Fructose; Nonalcoholic steatohepatitis;
Suppressor of cytokine signaling-3; Sterol regulatory
element binding protein-1c; Fatty acid synthase;
Malonyl CoA decarboxylase; Leptin; Adiponectin;
Transforming growth factor-β; Tumor necrosis factor-α
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The current work may justify the use of lower
doses of fenofibrate in combination with resveratrol to
protect the liver from fructose induced hepatic steatosis
and damage. The synergistic effect may be due to
antioxidant, anti-inflammatory and anti-hyperlipidemic
effect of resveratrol. As an add-on therapy, resveratrol
can augment the beneficial outcome of a lower dose of
fenofibrate and reduces its toxic or side effects.
Abd El-Haleim EA, Bahgat AK, Saleh S. Resveratrol
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resveratrol, a polyphenol with known antioxidant and
anti-inflammatory effects. Although the antioxidant
effects of resveratrol have been proposed to contribute
to its beneficial effects, the underlying molecular
mechanism is not completely understood. Resveratrol
treatment in mice fed a high calorie diet consistently
improved various health parameters including glucose
[13]
homeostasis and survival , and has therefore been
suggested to act as a calorie restriction mimetic. More
[14]
over, resveratrol decreased NAFLD severity in rats .
In the present study, we investigated the effect of
resveratrol treatment on fructose-induced NASH in
rats and explored the potential molecular mechanisms
through which the protective effects of resveratrol
may work. We also explored the possible modulatory
effects of fenofibrate and resveratrol given separately
and in combination (half doses) on fructose-induced
NASH. Besides, the expressions of a number of genes
known to be critically involved in lipid metabolism were
targeted.

The high fructose fed groups received the same diet
plus fructose (10%) in drinking water for a period
of 12 wk. Treatments were carried out by each drug
separately and in combination of half the dose of each,
th
for 4 wk from the 9 week until the end of the 12 wk
experimental period. Group Ⅰ : normal control, Ⅱ :
control FED, Ⅲ: fenofibrate 100 mg/kg (FENO), IV:
resveratrol 70 mg/kg (RES), V: fenofibrate combined
with resveratrol 50 mg/kg + 35 mg/kg (FENO + RES).
Body weight was determined during the experimental
period (12 wk) at two weeks intervals.

Blood sampling and serum preparation

At the end of the treatment period, blood samples
were taken from retro-orbital sinus of rats under ether
anesthesia, after being fasted for 18 h, to minimize
feeding-induced variations in lipid pattern. Blood
samples were allowed to clot at room temperature
then serum was separated by centrifugation of
blood at 3000 rpm for 15 min using a centrifuge
(Hettich universal 32A, Germany). Each sample was
divided into several aliquots, one for each estimated
biochemical parameter, and stored at -20 ℃ until
analysis was performed.

MATERIALS AND METHODS
Animals and diet

Adult male albino rats, weighing 150-200 g, were used
in the present study. They were purchased from the
animal house of the National Cancer Institute (Cairo,
Egypt). The animal protocol was designed to minimize
pain or discomfort to the animals. Animals were
housed under controlled environmental conditions:
constant temperature (25 ℃ ± 2 ℃), humidity (60% ±
10%), and a 12/12-h light/dark cycle. Standard chow
diet and water were allowed ad libitum two weeks
prior to experimentation. All animals except the normal
group were given 10% fructose in drinking water for
[15]
12 wk in order to induce NASH . All experiments on
laboratory animals were performed in accordance with
the protocol approved by Faculty of Pharmacy, Cairo
University Research Ethics Committee, Cairo, Egypt.
PT number (660).

Tissue sampling

The tested agents and doses used in the present study
[16]
were: fenofibrate (100 mg/kg; po) (Eva Pharm)
and resveratrol (70 mg/kg po) (Finest Nutrition,
[17]
Walgreen) . The drugs were suspended in 0.5%
carboxymethyl cellulose (CMC).

Animals were then sacrificed by cervical dislocation.
Livers and epididymal fats were carefully and rapidly
excised. The removed livers were washed with cold
normal saline and dried on filter papers then weighed
for the determination of liver index. Liver index percent
was determined (= liver weight / body weight × 100).
Samples of the liver, taken 5 mm away from the
edge of the largest hepatic lobe were frozen at -80 ℃
for the determination of hepatic genes expressions.
The other lobes of the liver were homogenized in icecold saline, using a homogenizer (Heidolph Diax 900,
Germany), to prepare 20% homogenate. The prepared
homogenate was divided into several aliquots that
were stored at -20 ℃ until assayed later for estimation
of the chosen biochemical parameters. The remaining
part of the large hepatic lobe was fixed with 10%
formaldehyde for histopathological examination.
Besides, the epididymal fat located above the
epididymis was dissected and frozen at -80 ℃ for
estimation of adipose tissue gene expression.
The dead bodies were frozen till incineration.

Experimental design

Extraction of liver lipids

Treatments

After a period of adaptation, animals were randomly
assigned into a normal control group and a fructose
enriched diet group (FED). The FED group was
distributed into 4 groups, a control FED group and
3 treated groups, each composed of 8-12 rats. The
normal control group was fed a normal chow diet
consisting of 66% carbohydrates, 22% protein, 6%
fats, 3% fiber and 3% minerals and vitamins mixture
and purchased from Alfa Media Trade (Giza, Egypt).

WJG|www.wjgnet.com

Liver lipids were extracted according to the method
[18]
of Bligh and Dyer
for the determination of liver
triglycerides.

Histopathological examination

The liver fixed with 10% formaldehyde was dehydrated
and embedded in paraffin wax, cut into sections of
7-10 µm thickness, stained with hematoxylin and
eosin (HE) and then examined under light microscope.
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Table 1 Primer pairs sequences
Primer name

Forward primer

Reverse primer

GAPDH
SOCS-3
SREBP1c
FAS
MCD
Leptin
Adiponectin
TGF-β1

5'-ACAAGATGGTGAAGGTCGGTGTGA-3'
5'-CTGGCCGCCGCCTCGTCTCGG-3'
5'-GGAGCCATGGATTGCACATT-3'
5'-AGAGGCTGTTCTCAAGGAAGG-3'
5'-CGGCACCTTCCTCATAAAGC-3'
5'-TTCAAGCTGTGCCTATCCACAAAG-3'
5'-GGAAACTTGTGCAGGTTGGATG -3'
5'-TGAGTGGCTGTCTTTTGACG-3'

5'-TTGAACTTGCCGTGGGTAGAGTCA-3'
5'-ACGGCACTCCAGTAGAATCCG-3'
5'-GCTTCCAGAGAGGAGCCCAG-3'
5'-AGGGTACATCCCAGAGGAAGT-3'
5'-GGGTATAGGTGACAGGCTGGA-3'
5'-TGAAGCCCGGGAATGAAGTC-3'
5'-GGGTCACCCTTAGGACCAAGAA-3'
5'-ACTTCCAACCCAGGTCCTTC-3'

Images were acquired with a Leica ICC50 HD digital
camera attached to a Leica motorized light microscope
system. Steatosis area was determined using Leica
application suite (LAS) image analysis program
which automatically detects, measures and evaluates
multiple image features.

Hepatic and adipose tissue genes expression:
Hepatic genes expressions of SOCS-3, SREBP-1c,
fatty acid synthase (FAS), malonyl CoA decarboxylase
(MCD), TGF-β1, and adipose tissue genes expressions
of leptin and adiponectin were measured using real
time-polymerase chain reaction (RT-PCR).

Estimation of biochemical parameters

RNA isolation and RT-PCR

Blood glucose and oral glucose tolerance test:
Two days before the end of the treatment period, rats
were fasted for 18 h, with free access to water, to
minimize feeding-induced variations in glucose pattern.
Glucose level was determined in a blood sample
obtained from the tail vein. The blood glucose and oral
glucose tolerance test (OGTT) was carried out using
glucometer test strips (Fine test, Korea). Rats were
given oral glucose (20% solution in a dose 2 g/kg of
body weight), and droplets of blood from the tail vein
were withdrawn at 0 (prior to glucose administration),
15, 30, 60 and 120 min after glucose load, to evaluate
the resulting blood glucose concentrations.

Total RNA was isolated from the liver samples stored
for determination of hepatic genes expressions
using Thermo Scientific GeneJET RNA Purification
Kit following the manufacturer’s protocol. Total RNA
was purified using the supplied purification column,
after which it was reverse transcribed using Thermo
Scientific RevertAid First Strand cDNA Synthesis Kit.
RT-PCR analysis was performed using the SYBR Green
procedure and Stratagene Mx3000P instrument.
Expression of mRNA values was normalized relative to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
as an internal standard.
The following primer pairs were employed (PrimerBlast program was used to assist in the design of
primers) (Table 1).
At the end of a RT-PCR running with SYBR Green
chemistry, the relative quantification was determined
[25]
according to the method of Pfaffl . The RT-PCR
results were analyzed with applied biosystem software.

Serum insulin and Insulin resistance: Insulin was
®
determined using DRG Insulin (Rat) ELISA (EIA-2048)
version 8.0, 2013. Insulin resistance was calculated
using homeostasis model of assessment (HOMA) =
[19]
blood glucose (mmol/L) × serum insulin (pmol/L)/155 .

Statistical analysis

Serum and liver TGs: Serum and liver TGs were
determined according to the method of Bucolo and
[20]
David .

Data are expressed as means ± SE. Comparisons
between means were carried out using one way
analysis of variance test followed by Tukey Kramer
multiple comparison’s test. For all statistical tests, the
level of significance was fixed at P < 0.05.
®
GraphPad Prism software package, version 6
(GraphPad Software, Inc., United States) was used to
carry out all statistical tests.
The statistical methods of this study were reviewed
by Dr. Nelly Alieldin, professor of biostatistics and
cancer epidemiology, National Cancer Institute, Egypt.

Oxidative stress parameters: Liver homogenate was
used for determination of thiobarbituric acid reactive
[21]
substances (TBARs), measured as MDA , reduced
[22]
[23]
glutathione (GSH) and superoxide dismutase (SOD) .
Liver function tests: Serum alanine transaminase
(ALT) and aspartate aminotransferase (AST) were
determined according to the method of Reitman and
[24]
Frankel .

RESULTS

Serum TNF-α: TNF-α was determined using Quan
®
tikine ELISA Rat TNF-α Immunoassay kit. c2012 R&D
Systems, Inc.
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As presented in Figure 1A, there was a gradual gain
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Figure 1 Effect of fenofibrate (100 mg/kg) and resveratrol (70 mg/kg) alone and in combination (half doses) on the body weight (A) and percentage of liver
index (B) in fructose-induced NASH in rats. Values are means ± SE (SE was omitted in Figure 1A body weight for clarification). n = 8-12 rats. The significance of
the difference between means was tested by ANOVA followed by Tukey Kramer multiple comparisons test. aP < 0.05 vs control; bP < 0.05 vs FED; cP < 0.05 vs FENO;
d
P < 0.05 vs RES. FED: Fructose enriched diet; FENO: Fenofibrate; RES: Resveratrol; Liver index: Liver weight/body weight.

Serum and liver TGs

in body weight in all groups although the extent
was variable. Comparing body weights on week 12,
fructose-fed rats reached a body weight of 330.0
g compared to 289.8 g in control rats, indicating a
10% more weight gain in the FED group. This rise in
body weight was virtually normalized by all treatment
regimens.
Figure 1B shows that there was no change in liver
index in the FED group compared to control and that
treatment with FENO alone or FENO + RES significantly
increased liver index% nearly to the same extent i.e.,
3.83% and 3.75% respectively.

The changes in serum and liver triglycerides are
illustrated in Figure 3A and B respectively. Fructose
fed rats showed a rise of 44.5% in serum TGs and
86.3% in hepatic triglycerides content as compared
to the control group. FENO, being a well-documented
antihyperlipidemic drug, was effective in preventing
the accumulation of both serum and liver TGs. RES, on
the other hand was much less effective in this respect.

Hepatic MDA, GSH contents and SOD activity

Figure 4 shows the changes in the redox balance in
the liver. Fructose feeding significantly elevated liver
MDA by 59% without affecting both liver GSH content
and SOD activity. Being an antioxidant free radical
scavenger, RES alone, or in combination FENO + RES
prevented the upsurge of MDA. Moreover, the effect
of the drug combination on GSH superseded that of
either treatment alone.

OGTT, blood glucose, insulin and HOMA

Figure 2A depicts the impairment of glucose tolerance
in the fructose-fed group as compared to control.
Thus, in the control group ingestion of glucose caused
a marked steady rise in blood sugar level that reached
a peak of 126.7 mg/dL at 15 min; it was maintained
at 30 min (130.0 mg/dL) and became nearly normal
2 h after glucose loading. In FED rats, blood glucose
peaked at 15 min, there was another peak at 60
min, and was still 26% higher than normal after 2
h. Moreover, the peak blood glucose level in the FED
group was higher (156.9 mg/dL) and delayed. Glucose
tolerance was improved but not normalized by all
treatments.
Beside the alterations in OGTT, feeding rats with
fructose caused an increase in blood glucose level to
93.00 mg/dL compared to control (76.25 mg/dL), an
increase in serum insulin level to 0.753 µg/L compared
to control (0.560 µg/L) leading to a 58% rise in HOMA
index. Treatment did not affect blood sugar level but
it caused a recovery of both insulin level and HOMA
index. It was noticed that the improvement produced
by a full dose of FENO was equivalent to that of half
the dose given with RES. Figure 2B, C and D illustrate
the changes in glucose, insulin and HOMA respectively.

WJG|www.wjgnet.com

Serum AST, ALT, AST/ALT ratio and TNF-α

As shown in Figure 5A-C, feeding fructose amplified
the activity of AST without affecting ALT; there was a 2
fold increase in the AST/ALT ratio. Additionally, Serum
TNF-α (Figure 5D) was augmented (1.6 fold) compared
to control. All treatments opposed the injurious effect
of FED and normalized both AST/ALT ratio and serum
TNF-α level. Interestingly, RES enhanced the effect
of half the dose of FENO in the above-mentioned
parameters such that it was equivalent to the effect of
a full dose.

Hepatic expression of SOCS-3, SREBP-1c, FAS, MCD
and TGF-β 1

The expressions of SOCS-3, SREBP-1c, FAS, MCD
and TGF-β1 in the control group were 1.287, 0.177,
1.04, 1.21 and 0.0084 respectively. Fructose feeding
displayed profound changes in these signaling
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pathways. Thus, there was about 7-fold increase in
SOCS-3 gene expression, 2-fold increase in SREBP1c, 8-fold increase in FAS, whereas MCD genes
expressions revealed a 4-fold decline compared to
control group.
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Treatment of the rats given FED with FENO,
RES and FENO + RES trimmed down SOCS-3 gene
expression to 5.958, 3.933 and 3.707 respectively
compared to FED (9.500). Again in this context, the
decrease in SOCS-3 gene expression by half the dose
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and FENO+RES treatments to 5.34, 5.14 and 3.78
respectively compared to FED (8.60).
Furthermore, MCD gene expression in liver was
increased in FENO, RES and FENO + RES treatment
groups by 2.5, 3.0 and 3.5-fold respectively compared
to FED group. The improvement afforded by FENO
+ RES combination was significantly better (38.6%)
compared to FENO alone (Figure 6B, C and D).
TGF-β gene expression was upregulated in fru
ctose fed rats (1.4-fold) as compared to the control
counterpart and was normalized by treatment with
either FENO or RES, while FENO + RES group showed
86.6% suppression in TGF-β gene expression compared
to the FED group. Again, RES enhanced the effect
of FENO such that the amelioration offered by the
combination of half doses exceeded that of the full
FENO dose as shown in Figure 6E.
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alone and in combination (half doses) on liver MDA (A), GSH (B) and
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rats. The significance of the difference between means was tested by ANOVA
followed by Tukey Kramer multiple comparisons test. aP < 0.05 vs control; bP <
0.05 vs FED; cP < 0.05 vs FENO; dP < 0.05 vs RES. FED: Fructose enriched
diet; FENO: Fenofibrate; RES: Resveratrol; MDA: Malonaldehyde; GSH:
Glutathione; SOD: Superoxide dismutase.

of FENO when combined with RES was 38% more
compared to FENO indicating that insulin sensitivity
was better in the combination (Figure 6A).
Although FENO treatment did not modify SREBP1c gene expression, RES alone or combined with FENO
caused moderation by 68.7% and 56% respectively.
The hepatic expression of the FAS gene, responsible
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DISCUSSION
Several studies emphasized that consumption of
high fructose diets led to obesity, fatty liver, hypertri

2937

March 14, 2016|Volume 22|Issue 10|

Abd El-Haleim EA et al . Resveratrol and fenofibrate effects on NASH

B

150
120
c

90

ALT (U/L)

b

60

20

30

RE

RE
S

b

FE
NO

+

RE
S

b

200
a

b

b

b

1.5
1.0
0.5

Serum TNF-a (pg/mL)

2.0

0.0

150

100

b

50

S
RE
+
FE

NO

nt
Co

+
NO
FE

S

ro
l

S
RE

S
RE

NO

D
FE

FE

Co

nt

ro
l

0

FE

AST/ALT

FE
NO

D

a

NO

Co
nt
ro

l

RE
S
FE
NO

+

RE
S

FE
NO

FE
D

l
Co
nt
ro
2.5

FE
D

0

0

C

40

D

AST (U/L)

60

a,c

a

80

FE

A

Figure 5 Effect of fenofibrate (100 mg/kg) and resveratrol (70 mg/kg) alone and in combination (half doses) on serum AST (A), ALT (B), AST/ALT ratio
(C) and serum TNF-α (D) in fructose-induced NASH in rats. Values are mean ± SE, n = 8-12 rats. The significance of the difference between means was tested
by ANOVA followed by Tukey Kramer multiple comparisons test. aP < 0.05 vs control; bP < 0.05 vs FED; cP < 0.05 vs FENO. FED: Fructose enriched diet; FENO:
Fenofibrate; RES: Resveratrol; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TNF-α: Tumor necrosis factor-α.
[26,27]

[33]

glyceridemia and insulin resistance
. One of
the contributing factors is the fast hepatic uptake
of fructose from the portal circulation compared to
glucose and its bypassing the phosphofructokinase
step in glycolysis. In the liver, fructose increases
[28]
de novo synthesis of fatty acids
and increases
[29]
inflammation , both contribute to increased hepatic
lipogenesis.
In the present study fructose accelerated the
accumulation of fat in the liver of rats, as evidenced by
histological analysis and hepatic triglyceride content.
In addition to hepatic fat accumulation, fructose
induced hyperglycemia, hyperinsulinemia and insulin
resistance. These results are in harmony with other
[10,30]
previous studies
.
One mechanism of fructose-induced insulin resistance
[31]
is the defective transduction of insulin signaling .
Decreased number of IR in liver and skeletal muscle
[32]
could provide an alternative explanation .
Several studies found that fructose-induced insulin
resistance correlated with serum concentration of
[33,34]
triglycerides
. Although insulin resistance is, at
least partly, responsible for hypertriglyceridemia
the possibility that hypertriglyceridemia itself may
contribute to insulin resistance should not be ruled
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out . As a consequence of increased circulatory TGs,
the current study showed an accumulation of TGs
in the liver. This is an important cause of NASH and
may be the major risk factor for the observed glucose
intolerance, hyperglycemia and insulin resistance
in the FED rats. The primary source of hepatic TGs
[35]
synthesis are the adipose tissue derived FFAs .
Although an excessive availability of plasma fatty acids
is an important determinant of steatosis, lipogenesis
is also considered as an important contributing factor.
In fact, prolonged consumption of fructose also
increases de novo lipogenesis and this contributes to
[26,36]
fat accumulation in the liver
.
Another important factor which plays an important
role in NASH development by high fructose diet is
[30]
fructose-induced oxidative stress . This was demon
strated in this study by increased hepatic MDA
content, reflecting enhanced lipid peroxidation. The
fructose-induced oxidative stress could be attributed to
[37,38]
accumulation of advanced glycation end-products
.
In parallel with these abnormalities, the AST/ALT
ratio was elevated. Most causes of liver cell injury
are associated with a release of AST and ALT from
damaged hepatocytes into the blood. The magnitude
of AST and ALT elevations vary depending on the
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[39,40]

augmented TGF-β1 expression. This is because a
positive correlation exists between the expression of
TGF-β1 in the liver and insulin resistance, obesity and
[43]
steatosis . Clinically, TGF-β1 plasma concentration is
elevated in NASH patients compared to patients with
hepatic steatosis and healthy subjects, suggesting that
[44]
this cytokine is involved in fibrogenesis in NASH .
The possible molecular mechanism responsible
for all these detrimental effects of fructose may

cause of the hepatocellular injury
.
The role of fructose in the development of hepatic
oxidative stress and predisposition to necroinflam
[41]
mation and fibrogenesis has been emphasized .
Indeed we found a significant increase in the gene
expression of hepatic fibrogenic marker TGF-β1 and
this result was in agreement with that of Sivakumar
[42]
and Anuradha . Moreover, fructose-induced increase
in leptin gene expression could be another cause of
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to be associated with reduction of leptin-mediated JAK[52]
STAT signaling, and induction of SOCS-3 . Therefore,
the observed hypertriglyceridemia and hepatic
steatosis induced by fructose in the present study
would have resulted from a reduction in the hepatic
catabolism of fatty acids driven by a state of leptin
resistance.
There was an increase in leptin gene expression
together with a significant reduction in epididymal
adipose tissue adiponectin gene expression. In
[53]
turn this would lead to insulin resistance
through
accumulation of hepatic TGs and down-regulation of
insulin signalling.
It is now known that adipose tissue has a pivotal
role in obesity, insulin resistance, NASH and other
metabolic abnormalities and that obesity is associated
[54]
[55]
with insulin resistance , inflammation , macrophages
[56]
accumulation and expression of TNF-α. This explains
the rise in TNF-α in rats given high fructose diet. The
possible cause of serum TNF-α increase is the rise
observed in leptin gene expression as this confirms the
finding of a dramatic increase in serum TNF-α level after
[57]
leptin injection .
Fenofibrate has been used for many years to treat
dyslipidemias and has also recently been shown to have
anti-inflammatory effects. In view of the lipid lowering
properties of fenofibrate, we attempted to study its
efficacy in controlling the metabolic derangements in
rats fed fructose to induce NASH. Our study showed
that fenofibrate, besides decreasing body weight, it
restored liver histology to normal, prevented hepatic
steatosis and maintained irregular blood sinusoids and
some degree of cytoplasmic vacuolations in hepatic cells
and this was reflected by improvement in liver function
tests. These effects are in harmony with those reported
[58,59]
by many investigators
.
The histological improvement observed by
fenofibrate was accompanied by restoration of insulin
sensitivity and reduction in hepatic and serum TGs.

be explained by the changes observed in hepatic
SOCS-3, SREBP-1c, FAS and MCD genes expression in
addition to adipose tissue leptin and adiponectin genes
expression.
Regarding the SOCS-3 gene, its enhanced expression
would result in decreased tyrosine phosphorylation of
IRS proteins and consequently attenuation of insulin
action. Another contributing role of SOCS-3 arises
from its ability to increase fatty acid synthesis by
up-regulation of SREBP-1c expression, presumably
through suppression of STAT3 phosphorylation and
[4]
persistent hyperinsulinemia .
As for the increased SREBP-1c gene expression,
[5]
this leads to increased lipid synthesis . Beside SREBP1c, FAS gene expression was increased. These results
are in accordance with another study that reported the
upregulation of FAS and SREBP-1c protein expression
[45]
in high-fructose-fed rats . Increased FAS expression,
which is responsible for fatty acid synthesis, together
with decreased MCD expression, which is responsible
for fatty acid oxidation, would collectively explain
the increased fat accumulation in the liver currently
noticed in the FED rats. Overproduction of fatty acids
results in further insulin resistance, creating a vicious
cycle. The overexpression of SOCS proteins may be a
[4]
critical step in this vicious cycle .
Aside from hyperinsulinemia and insulin resistance,
fructose feeding caused an increase in leptin gene
expression in epididymal adipose tissue. This could
possibly be mediated by elevation in serum TNF-α.
Previous studies pointed to a direct correlation between
[46]
[47]
TNF-α and leptin levels in mice , hamsters
and in
[48]
diabetic patients . Likewise, leptin gene expression
was increased in diet-induced obese mice, in mice with
[49]
[50]
genetic obesity (db/db) and in obese patients .
Leptin plays an important role in limiting TGs
accumulation in liver and skeletal muscle through direct
[51]
activation of AMPK and consequently increases fatty
acid β-oxidation. However, leptin resistance was found
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E

Figure 8 Representative photomicrographs of liver sections of control (A), FED (Bs), fenofibrate (100 mg/kg) (Cs), resveratrol (70 mg/kg) (Ds) and
fenofibrate + resveratrol (half doses) (E) in fructose-induced NASH in rats. A: Control rat liver showing a central vein (C), hepatocytes (H) arranged in the form
of plates separated from each other by irregular blood sinusoids (S). B1: Fructose-fed rat liver showing cellular infiltration (arrows) near the central vein (C); B2:
Fructose-fed rat liver showing pyknotic hepatic nuclei (arrowheads), cytoplasmic vacuolations (V) and apoptotic hepatic cells (arrows); B3: Fructose-fed rat liver
showing central vein (C) with macrovesicular steatosis (MS) compressing hepatic nuclei to the right side of the vein, and cytoplasmic vacuolations (V), pyknotic nuclei
(P) and binucleated hepatic cells to the left side of the vein; C1: Fenofibrate-treated rat liver showing nearly normal liver. A central vein (C), hepatocytes (H) arranged
in the form of plates separated from each other by irregular blood sinusoids (S); C2: Fenofibrate-treated rat liver showing cytoplasmic vacuolations (arrowheads) of
hepatic cells; D1: Resveratrol-treated rat liver showing macrovesicular steatosis (MS); D2: Resveratrol-treated rat liver showing vacuolations (V) of the cytoplasm
of the hepatic cells; E1: Fenofibrate + Resveratrol-treated rat liver showing macrovesicular steatosis (MS) not compressing hepatic nuclei; E2: Fenofibrate +
Resveratrol-treated rat liver showing macrovesicular steatosis (MS) and vacuolations (V) within the cytoplasm of the hepatic cells (HE × 400).

effects. Genes expressions were remodeled either
in the liver or adipose tissue where the drug caused
a decrease in hepatic genes expressions of SOCS-3
and FAS and increased MCD without affecting that of
SREBP-1c.
Enhanced liver MCD expression would result in
decreased malonyl CoA and, subsequently, decreased
free fatty acid and TGs deposition in liver. This confirms
[66]
Lee et al
finding that, PPAR-α activates rat hepatic
MCD transcription. In support, the highly elevated
malonyl-CoA levels in the skeletal muscle and liver of
pre-diabetic, high fat fed-rat were significantly reduced
[67]
by fenofibrate .
An unexpected finding was the suppression of
FAS expression by FENO although SREBP was not
decreased to any significant extent. This might be by
virtue of the activation of AMPK as reported by Chen
[68]
et al
who showed that, the lipid lowering effects of
fenofibrate may be exerted through a PPAR-α/AMPK
dependent pathway leading to increased fatty acid
β-oxidation. AMPK activation by fenofibrate would also
suppress FAS expression.
Because fibrogenesis is an integral part of steato
hepatitis, another devastating effect that was ame
liorated by fenofibrate is the elevated expression of
hepatic TGF-β, a fibrogenic marker. The reduction
in TGF-β expression was associated with attenuated
obesity, reduced adipose leptin expression, increased
serum TNF-α and hepatic SOCS-3 expression, factors
that precipitate fibrosis.
In adipose tissue, fenofibrate caused an improve
ment in leptin sensitivity as it decreased adipose
tissue leptin gene expression. This was associated
with decreased SOCS-3 gene expression. This adds
support to the finding that, SOCS-3 insufficiency
[69]
enhances leptin sensitivity . Several studies showed
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Figure 9 Effect of fenofibrate (100 mg/kg) and resveratrol (70 mg/kg) alone
and in combination (half doses) on steatosis area in fructose-induced
NASH in rats. Values are mean ± SE, n = 400 images. The significance of the
difference between means was tested by ANOVA followed by Tukey Kramer
multiple comparisons test. aP < 0.05 vs control; bP < 0.05 vs FED; cP < 0.05
vs FENO; dP < 0.05 vs RES. FED: Fructose enriched diet; FENO: Fenofibrate;
RES: Resveratrol.

Other investigators demonstrated that, PPAR-α
activators improve insulin sensitivity in rodents
with genetic and/or high fat diet-induced insulin
[60]
resistance , in rats with NASH induced by high fat
[61]
and low methionine and choline diet and in patients
[62]
with metabolic syndrome . This was attributed to
[63]
limitation of lipid accumulation in liver and muscles
and increasing fatty acid β-oxidation in hepatocytes
[64]
mitochondria .
The current investigation showed that, fenofibrate
increased liver index. Being a PPAR-α agonist, it may
[65]
cause hepatomegaly in rodents but not in humans .
The current study offers possible molecular
mechanisms responsible for fenofibrate beneficial
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that, PPAR-α agonists decrease leptin levels in obesity
induced animal models and in type 2 diabetic patients
[70]
with hypertriglyceridemia .
Adiponectin is implicated to be an anti-inflammatory
adipokine and TNF-α antagonist. Accordingly, its
expression is related to obesity, insulin resistance and
TNF-α. However, in the current model, fenofibrate caused
no change in adipose tissue adiponectin gene expression.
This effect was in harmony with the study showing
that, fenofibrate treatment in high fat fed rats failed to
decrease adiponectin plasma level or gene expression in
[71]
adipose tissue . Similarly, in obese women with type
2 diabetes, serum adiponectin concentration was not
[72]
significantly affected by fenofibrate treatment . One
of the explanations afforded is that PPAR-α activation,
besides reducing adiposity of body, it increases
adiponectin receptor-1 expression in adipose tissue
and this could enhance adiponectin effects although
no change can be detected in circulating adiponectin
[73]
levels .
The effect of fenofibrate on oxidative stress is a
matter of controversy, depending on the condition in
which it is used. In the present study 4 wk treatment
with fenofibrate did not alter the oxidative stress
parameters in the liver. This was consistent with the
results of El-Sheikh and Rifaai who reported that,
PPAR-α could not ameliorate cyclophosphamide-induced
[74]
oxidative stress . However, some studies have shown
[75]
a detrimental effect of long term fenofibrate use .
Others have shown a beneficial effect in streptozotocin[76]
induced diabetic rats .
Resveratrol is a natural dietary polyphenol which
has been shown to combine antioxidant, anti-inflam
[14,17]
matory and antihyperlipidemic effects
. In the
present study, when resveratrol was given to rats fed
high fructose diet it prevented the gain in body weight
and modulated the severity of liver damage seen
microscopically and relieved the development of NASH.
It ameliorated insulin resistance via reducing hepatic
lipid deposition, prevented lipid peroxidation and ROS
formation and inhibited inflammation by suppressing
the production of TNF-α.
The first observation with resveratrol was a desirable
decrease in body weight. It has been reported that
[77]
resveratrol supplementation decreases body weight
[78]
and it has an anti-obesity potential . The decrease in
body weight could also be attributed to the enhanced
insulin sensitivity and decreased accumulation of
body-fat mediated in part by adipokines changes as
resveratrol reduced leptin and increased adiponectin
mRNA levels. This is in harmony with a number of
previous studies showing the importance of leptin
[79,80]
adiponectin balance
. In contrast, other studies
denied beneficial effects of resveratrol on body weight
[13,81]
and obesity
. The discrepancy could be due to the
duration of study, dosage of resveratrol, and age of
animals.
In the histopathological examination, the only abnor
mality seen was macrovesicular steatosis together with
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hepatic cell vacuolations, both of which are less than
that observed in the FED group. Several investigators
have demonstrated a similar hepatoprotective effect
[81]
[82]
of resveratrol against steatosis in mice or rats fed
high fat diet.
The histological improvement of resveratrol was
extended to involve an improvement in insulin sen
sitivity. This lends credit to previous studies showing
[83]
improved insulin sensitivity in NAFLD rats
fed high
[84]
fat diet and in obese humans . The enhanced insulin
sensitivity was reflected herein by decreased hepatic
TGs deposition. This was in accordance with other
investigators who demonstrated a reduction in hepatic
[14,83]
fat deposition in experimental NAFLD models
.
Another important property of resveratrol is having
anti-inflammatory activity. This was shown in the
present study by preventing the rise in serum TNF-α.
Anti-inflammatory activity was also indicated by
[80]
inhibition of inflammation in mice fed high fat diet ,
[14]
in NAFLD rats and decreasing IL-6 and TNF-α mRNA
and reduced the Kupffer cells number induced in the
[85]
injured liver of mice after bile duct ligation . In obese
humans, resveratrol decreased expression levels of
genes of inflammatory pathways, and plasma levels of
[84]
several inflammatory markers .
Being an effective antioxidant, resveratrol could also
inhibit the progression of steatosis or steatohepatitis.
In the fructose fed rats it decreased hepatic MDA
content. Resveratrol has been shown to prevent free
radicals and inflammatory cytokines-induced hepatic
damage by scavenging ROS and decreasing lipid
[86]
peroxidation . Resveratrol administration reduces
[87,88]
oxidative stress in obese rats
and in hyperlipidemic
[17]
rats . Other studies supposed that, the intake of
resveratrol containing preparations and polyphenols
from muscadine grapes suppress or prevent oxidative
[89]
stress induced by high fat high carbohydrate meal .
The observed resveratrol-induced improvement
in NASH related parameters and histopathology was
associated with a significant hepatoprotective effect
revealed by the reduction in AST/ALT ratio. Other
study showed that, resveratrol significantly reduced
[85]
both ALT, AST serum levels in cholestatic liver injury .
On the molecular basis, resveratrol decreased
hepatic SOCS-3 gene expression, therefore preventing
insulin and leptin resistance. Similar findings were
reported clinically in normal, healthy subjects in the
postprandial state where resveratrol suppressed
oxidative and inflammatory stress responses to in high
[89]
fat high carbohydrate meal .
Additional findings reported in this study were the
down-regulation of the expressions of the lipogenic
genes; SREBP-1c and FAS. This was also reported in
[90]
an earlier study . Resveratrol may improve fructoseinduced metabolic abnormalities by activating AMPK
[83]
pathway . Because resveratrol activates AMPK,
one would expect that, AMPK activation in the liver
shuts down anabolic processes like cholesterol and TG
biosynthesis by reducing the activities of SREBP-1c and
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TNF-α and liver function tests could be additive.
The decrease in hepatic SOCS-3 gene expression
by fenofibrate was substantiated when combined
with resveratrol. There was a significant reduction in
SREBP-1c expression as compared to fenofibrate alone
possibly due to enhanced adiponectin expression. FAS
gene expression in liver dropped off and this could be
an additive effect. Besides, the combination exerted a
favorable synergistic effect on MCD expression.
The reduction in adipose leptin gene expression,
which was additive, was associated with a reduction in
hepatic SOCS-3 expression. Fenofibrate has no effect
on the reduced adiponectin expression caused by
fructose, but it increased adiponectin receptors number,
while resveratrol enhanced adiponectin expression. So,
combining the two drugs produced a favorable effect on
insulin sensitivity and TGs accumulation.
Furthermore, the combination exerted a beneficial
synergistic effect on the fibrogenic marker, TGF-β
possibly due to decreased leptin gene expression
caused by both treatments in addition to enhanced
adiponectin expression driven by resveratrol treatment.
However, the anti-hypertriglyceridemic effect of
fenofibrate, in the combination, was attenuated,
possibly due to lowering the dose of fenofibrate to one
half.
In conclusion, the current work may justify the
use of lower doses of fenofibrate in combination with
resveratrol to protect the liver from fructose induced
hepatic steatosis and damage. The synergistic effect
may be due to antioxidant, anti-inflammatory and
anti-hyperlipidemic effect of resveratrol. As an addon therapy, resveratrol can augment the beneficial
outcome of a lower dose of fenofibrate and reduces its
toxic or side effects.

FAS. AMPK activation also promotes catabolic processes.
This would lead to a reduction in lipid synthesis and
higher fatty acid oxidation rates and finally, prevention
of liver steatosis. Furthermore, resveratrol positively
[91]
activates SIRT-1 through activation of AMPK . In
turn, SIRT-1 activation gives protection against insulin
[92]
resistance and results in SREBP-1c inhibition.
The expression of hepatic MCD gene was upregulated
by resveratrol leading to suppression of lipogenesis
and enhanced β-oxidation.
As for adipose tissue, resveratrol attenuated the
expression of leptin gene, indicating an enhancement
of leptin sensitivity and at the same time it increased
adiponectin expression. Both of these actions would,
[51,93]
in turn, lead to activation of AMPK
. The reduction
in adipose leptin gene expression was associated with
decreased hepatic SOCS-3 expression with consequent
[69]
enhancement of leptin sensitivity .
The reduction observed in oxidative stress, serum
TNF-α and leptin expression in addition to stimulation
of adiponectin expression was reflected in reduced
TGF-β expression in liver by resveratrol treatment. As
an anti-inflammatory, resveratrol decreased TGF-β1
mRNA expression. It has been reported that resveratrol
decreases NF-kB which controls transcription of TGF-β
[94]
induced by CCl4 .
There is an interplay between obesity, leptin,
adiponectin, TNF-α and TGF-β.
Fenofibrate is an important lipid-regulating drug and
could ameliorate NASH as shown in the present study.
However, its use for long-term and in high-dose could
[95,96]
induce the possibility of liver function damage
. In
order to regulate blood lipid effectively, protect against
NASH and avoid the occurrence of drug-induced
liver injury, we investigated the effect of combining
RES and half the dose of FENO. This will provide a
definite experimental basis for the clinical use of this
combination. The combination of half dose fenofibrate
with half dose resveratrol showed a protection that
was equivalent to the effect of the full FENO dose.
Thus, there was a sort of additive or synergistic effect.
The histopathological abnormalities observed in the
FED group were prevented; the only abnormality seen
was macrovesicular steatosis together with hepatic
cell vacuolations, both of which are less than that
observed in the FED group. This was accompanied by
a correction of insulin resistance and a reduction in the
deposition of TGs in the liver. Both effects could be, at
least, additive.
One side effect of fenofibrate reported in the
present investigation was increased lipid peroxidation.
However, the combination improved the oxidative
stress state as evidenced by a significant decrease
in MDA as compared to fenofibrate alone and the
decrease was even comparable to the full dose of
resveratrol. In addition the combination produced a
synergistic effect on liver GSH level.
Moreover, the effect of combination on serum
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Background

Obesity, insulin resistance, hypertriglyceridemia and oxidative stress all
contribute to the development of steatosis and its progression to nonalcoholic
steatohepatitis (NASH). Fenofibrate that corrects dyslipidemia and resveratrol,
an antioxidant, are possible candidates for NASH therapy. This study aimed
to investigate the potential molecular mechanisms through which these two
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agents may work and the benefit from their combined use in lower doses.

Research frontiers

6

There is still no approved drug for the treatment of NASH. However potential
targets for NASH therapy are insulin resistance, inflammatory signaling and
fibrosis, both of the latter two effects are promoted by oxidative stress. PPARα
agonists as fenofibrate inhibits the development of steatosis, improves insulin
resistance, and reduces hepatic inflammation, while resveratrol gives favorable
results through both its antioxidant effect and non-antioxidant properties on
genes expressions, downregulation of the hepatic inflammatory pathways, and
antifibrogenesis effects. Novel therapies with insulin-sensitizing effects but also
anti-inflammatory and antifibrotic actions are under research and development.

7
8
9

Innovations and breakthroughs

Several studies have tested either fenofibrate or resveratrol individually in
NASH, however neither of them alone can be an ideal therapy for NASH as
fenofibrate, although it prevented steatosis and improved insulin resistance,
it poses the risk of developing liver function damage which is both dose and
time-dependent while resveratrol, although it blunts many of the underlying
disturbances characteristic of NASH, its use individually is insufficient.
Combining both, in half dosesm has given better results than the full dose of
fenofibrate alone in terms of hepatoprotection and correction of the underlying
genes expressions responsible for insulin resistance as SOCS3, lipogenesis as
SREBP-1C and fibrogenesis as TGFβ-1 that have been altered in NASH.

10
11
12

Applications

The combination, in the reduced doses, provides a promising experimental
evidence for better hepatoprotection, and amelioration of the underlying insulin
resistance, hepatic inflammation, and fibrogenesis in fructose-induced NASH
and would thus establish the basis for further clinical investigation.

13

Terminology

“Non-alcoholic fatty liver disease” is the accumulation of fat in liver due to
causes other than excessive alcohol use (also called steatosis). NASH “nonalcoholic steatohepatitis” is the accumulation of fat in liver that is associated
with inflammation and often accompanied by fibrosis. Fenofibrate is an
antihyperlipidemic drug. Resveratrol is an antioxidant polyphenol extracted from
grape.

14

Peer-review

15

The paper shows that the use of lower doses of fenofibrate in combination
with resveratrol to protect the liver from fructose induced hepatic steatosis and
damage.
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Abstract
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AIM: To evaluate the effect of artesunate (AS) supple
mentation on bacterial translocation (BT) and gut
microbiota in a rat model of liver cirrhosis.

Core tip: Artesunate (AS) is antimalarial yet potentially
anti-inflammatory. We evaluated the effect of AS
supplementation on bacterial translocation (BT) and
the gut microbiota in a rat model of liver cirrhosis.
Dysbiosis of gut microbiota, injury of intestinal mucosal
barrier and BT occurred as liver cirrhosis progressed,
which might enhance inflammation and aggravate
liver injury. AS may have other non-antimalaria
effects that modulate gut microbiota, inhibit BT and
alleviate inflammation, leading to a reduction in carbon
tetrachloride, alcohol and high fat-caused damages to
the liver and intestine.

METHODS: Fifty-four male Sprague-Dawley rats were
randomly divided into a normal control group (N), a
liver cirrhosis group (M) and a liver cirrhosis group
intervened with AS (MA). Each group was sampled at 4,
6 and 8 wk. Liver cirrhosis was induced by injection of
carbon tetrachloride (CCl4), intragastric administration
of 10% ethanol, and feeding a high fat diet. Rats in the
MA group were intragastrically administered with AS (25
mg/kg body weight, once daily). Injuries of the liver
and intestinal mucosa were assessed by hematoxylineosin or Masson’s trichrome staining. Liver index was
calculated as a ratio of the organ weight (g) to body
weight (g). The gut microbiota was examined by
automated ribosomal intergenic-spacer analysis of fecal
DNA. BT was assessed by standard microbiological
techniques in the blood, mesenteric lymph nodes
(MLNs), liver, spleen, and kidney.

Chen YX, Lai LN, Zhang HY, Bi YH, Meng L, Li XJ, Tian XX,
Wang LM, Fan YM, Zhao ZF, Han DW, Ji C. Effect of artesunate
supplementation on bacterial translocation and dysbiosis of gut
microbiota in rats with liver cirrhosis. World J Gastroenterol
2016; 22(10): 2949-2959 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i10/2949.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i10.2949

RESULTS: Compared to group N, the body weight
was reduced significantly in groups M and MA due to
the development of liver cirrhosis over the period of 8
wk. The body weight was higher in group MA than in
group M. The liver indices were significantly elevated at
4, 6 and 8 wk in groups M and MA compared to group
N. AS supplementation partially decreased the liver
indices in group MA. Marked histopathologic changes in
the liver and small intestinal mucosa in group M were
observed, which were alleviated in group MA. Levels
of pro-inflammatory interleukin-6 and tumor necrosis
factor-α were significantly elevated at 8 wk in ileal
homogenates in group M compared to group N, which
were decreased after AS supplementation in group MA.
The dysbiosis of gut microbiota indicated by the mean
diversity (Shannon index) and mean similarity (Sorenson
index) was severe as the liver cirrhosis developed,
and AS supplementation had an apparent intervention
effect on the dysbiosis of gut microbiota at 4 wk. The
occurrence of BT was increased in the liver of group
M compared to that of group N. AS supplementation
reduced BT in group MA at 8 wk. BT also occurred in
the MLNs, spleen, and kidney, which was reduced by
AS supplementation. BT was not detected in the blood
in any group.

INTRODUCTION
There are a wide variety of micro-organisms in the
human gut, which are harmless and have an important
role in human nutrition and health, promoting nutrient
supply, preventing pathogen colonization, and shaping
[1]
and maintaining normal mucosa immunity . Under
certain circumstances, these normally harmless
bacteria pose an imminent threat when intestinal
[2-5]
bacteria translocate to extra-intestinal organs , that
is, bacterial translocation (BT). BT is defined as the
migration of intestinal flora and/or their toxins into
mesenteric lymph nodes (MLNs) and/or other extraintestinal organs, which can lead to the development
of many diseases, such as sepsis, multiple organ
[6]
dysfunctions and even multiple organ failure .
In patients with cirrhosis, BT is the main cause of
spontaneous infection, and its incidence is up to 30%
in patients with decompensated cirrhosis, which can
[7]
cause high mortality . Antibacterial prophylaxis
is effective in preventing infectious complications.
However, increasing antimicrobial resistance makes the
patients at high risk, thus non-antibiotic pathways are
desperately needed to decrease the risk of bacterial
infections by reducing pathological BT as we enter the
[8]
post-antibiotic era .

CONCLUSION: Dysbiosis of gut microbiota, injury
of intestinal mucosal barrier and BT occurred as liver
cirrhosis progressed, which might enhance inflammation
and aggravate liver injury. AS may have other nonantimalarial effects that modulate gut microbiota,
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Assessment of BT

Phytomedicines, such as artesunate (AS), are one
of several non-antibiotic approaches to the treatment
[9]
and prevention of infection . AS, a water-soluble
hemisuccinate derivative of artemisinin extracted
from the Chinese herb Artemisia annua, is a safe and
[10]
effective antimalarial drug . It has been reported
that AS could also decrease serum endotoxin levels
[11]
in sepsis mice , and have a significant effect on
[12]
endotoxin-induced uveitis in rats . AS exerts an
anti-inflammatory role, for example, decreasing the
expression and secretion of tumor necrosis factor
[13]
(TNF)-α, interleukin (IL)-1β, IL-6, and IL-8 .
However, it is uncertain whether AS is effective in
preventing BT. In this study, we investigated the effect
of AS on BT and composition of intestinal bacteria in
rats with liver cirrhosis.

MLN, liver, spleen and kidney specimens were
homogenized in sterile saline (1 mL per 0.1 g) using
a glass homogenizer, and 100 μL of suspension or
blood was cultured on agar plates for 24 h under
aerobic conditions and for 72 h under anaerobic
conditions, both at 37 ℃. Growth of bacteria was
considered as evidence of BT. The translocation ratio
(TR) was calculated as a ratio of the total number of
positive cultures of blood, MLNs and organs to the
total number of cultures of blood, MLNs and organs
tested in each group. Bacteria were identified based
on colony characteristics, morphological features, and
[15]
biochemical reactions .

Histological examination

Samples from the ileal tissue and the liver were fixed
in 10% formalin and embedded in paraffin. Thereafter,
5 μm thick sections were prepared and stained with
hematoxylin and eosin (HE), and Masson’s trichrome
staining was performed in the liver sections. All
sections were studied under light microscopy in a blind
fashion.

MATERIALS AND METHODS
Animal experiments and sampling

Sprague-Dawley (SD) rats (specific pathogenfree grade), weighing 180-220 g, were obtained
from the Laboratory Animal Center of Academy of
Military Medical Sciences (Peking, China). All animals
were cared carefully during the entire period of this
study, under a protocol that was in accordance with
institutional guidelines for animal research and was
approved by the Ethical and Research Committee of
Changzhi Medical College (Changzhi, China).
After two weeks of acclimatization, 54 male SD
rats were randomly divided into a liver cirrhosis model
group (M), a normal control group (N) and a group (MA)
of cirrhosis plus AS (JK Scientific, China) intervention.
Each group was divided into three subgroups (n = 6)
for testing at 4, 6 and 8 wk, which reflected different
stages of hepatic cirrhosis development. Liver cirrhosis
(M and MA) was induced by multiple pathogenic
factors (including subcutaneous injection with carbon
tetrachloride oil solution, intragastric administration of
10% ethanol and feeding a mixture of maize flour, lard,
[14]
and cholesterol) as described previously . Animals
in group MA were intragastrically administered with
AS (25 mg/kg body weight, once daily). The animals
of group N were fed a standard diet, subcutaneously
injected with equal volume of oil solution, and
intragastrically administered with water. Animals were
sacrificed and sampled at 4, 6 and 8 wk.
At every stage of cirrhosis, animal anatomy was
performed after 12 h of food deprivation. Animals
were weighed and then anesthetized with 3% sodium
pentobarbital (0.1 mL/100 g·w), and the skin was
disinfected with alcohol. Blood was collected from the
abdominal aorta, and the whole liver was removed and
weighed. Tissue samples of the MLNs, liver, spleen,
kidney and ileum were dissected and removed. The
cecal content was collected and stored at -80 ℃ for
microbiota analysis. All operations were performed
under strict sterile conditions.

WJG|www.wjgnet.com

Liver index

Liver index was calculated as a ratio (%) of the organ
weight (g) to body weight (g).

Cytokine levels

The tissue homogenates of the liver and ileal tissue
were prepared using sonication. The concentrations of
proteins were quantified using a BCA protein assay kit
(Beyond, China). The levels of IL-6 and TNF-α were
determined using enzyme-linked immunosorbent
assay (ELISA) kits (RD, United States). The levels of
IL-6 and TNF-α were expressed as ng/g protein.

Gut microbiota census with ARISA

Bacterial genomic DNA was extracted from the cecal
content using a QIAamp DNA Stool Mini Kit (QIAGEN,
Germany), according to the manufacturer’s instructions.
The extracted DNA was stored at -20 ℃ for further
analyses.
The ribosomal intergenic DNA was amplified
by PCR using a primer set of ITS-F (5’-GTCGTAAC
AAGGTAGCCGTA-3’) and ITS-R (5’-GCCAAGGC
[16]
ATCCAC-3’) as described . A fraction (5 μL) of the
50 μL reaction mixture was analyzed with the ABI
PRISM 3100 Genetic Analyzer. To identify the DNA
amplicons, the rest PCR products were separated on
agarose gels, and the major DNA bands were excised,
cloned into pMD-19T (Takara, China) and sequenced.
Identification of the resulting DNA sequences was
conducted by BLAST (http://www.ncbi.nlm.nih.gov/).
ARISA was performed by Beijing Protein Innovation.

Statistical analysis

For ARISA data, the electropherograms were digitized,
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liver cirrhosis, the body weight improvement by the
AS supplementation was partial as the average body
weight in group MA was still lower than that in group N
(Figure 1A). Compared to the rats in group N, the liver
indices of rats in group M were significantly elevated at
4, 6 and 8 wk. And the liver indices of the rats in group
MA were decreased at 4, 6 and 8 wk compared with
the indices of the rats in group M (Figure 1B).
The liver architecture of group N was normal
with intact lobule structure and with sinusoids and
cord located in order around central veins (Figures
2 and 3A). Derangement of hepatic cord and central
lobular necrosis with infiltration of inflammatory cells,
cytoplasm rarefaction in liver cells with balloon-like
alteration and steatosis, and increased fiber amount
in interlobular area were found in the rats of group
M at 4 wk (Figures 2 and 3B). Furthermore, more
typical balloon-like alteration and steatosis, fiber
network formation, further aggravated infiltration of
inflammatory cells were observed in the rats of group
M at 6 wk (Figures 2 and 3D). False lobule formation,
secondary degeneration and necrosis in liver cells with
infiltration of inflammatory cells were observed in the
rats of group M at 8 wk (Figures 2 and 3F). Compared
with group M, hepatic steatosis and fibrosis were
obviously reduced in group MA at 4 wk (Figures 2 and
3C), 6 wk (Figures 2 and 3E) and 8 wk (Figures 2 and
3G). AS appeared to have a protective effect on liver
injury induced by the multiple pathogenic factors.
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Figure 1 Body weight and organ indices in rats. A: Body weight; B: Liver
index. bP < 0.01 vs N group at 4 wk; dP < 0.01 vs N group at 6 wk; fP < 0.01 vs
M group at 6 wk; hP < 0.01 vs N group at 8 wk; jP < 0.01 vs M group at 8 wk.

Effect of AS on ileal injury during development of
cirrhosis

The villous height was homogenously distributed,
and the intestinal glands were in order in the rats
of group N (Figure 4A). In the rats of group M, ileal
histopathological changes were consistent with the
hepatic histopathological changes. As the liver injury
progressed in the rats of group M, the villi became
progressively sparse, short and irregular, the lamina
propria in villous roots was gradually thinning, the
gland lumen was more enlarged, and the gland cells
were much shorter compared to those of the rats in
group N (Figure 4B-D). Compared with the rats in
group M, the intestinal villi of the rats in group MA
were more uniform and longer, and injuries of glands
were less at 4 wk (Figure 4E), 6 wk (Figure 4F) and 8
wk (Figure 4G).
Compared to the rats in group N, levels of proinflammatory IL-6 and TNF-α in the ileal homogenates
of the rats in group M were significantly elevated at
8 wk. In the liver homogenates of the rats in group
M, the levels of IL-6 and TNF-α were elevated at 4
and 6 wk but not at 8 wk. Compared to group M, AS
supplementation decreased the levels of IL-6 and
TNF-α in the liver homogenates of rats in group MA at
4 and 6 wk. Also compared to group M, the levels of
IL-6 and TNF-α in the ileal homogenates of the rats in
group MA at 8 wk were significantly decreased by AS

and the results were exported to Microsoft Excel for
further analysis. For diversity analysis, the Shannon
indices were calculated in every cecal sample, which
took into account the number of species present
and the relative content. The similarity values were
calculated as the normalized similarity between group
pairs using the Sorenson index. Data are presented
as mean ± SD, and evaluated using analysis of
variance and multiple comparisons between groups
with SPSS19.0 software. Differences were considered
significant when P-values were less than 0.05.

RESULTS
Characteristics of animals and AS-mediated prevention
of progressive liver injury

The rats in group N grew well, covered with supple and
shiny fur. In group M, the rats had significant less food
intake and activity, and were covered with dried and
messy fur. The ill manifestation observed in the rats of
group M improved obviously in the rats of group MA.
No obvious increase in body weight was seen in the
rats of group M, but in the rats of group MA there was
a sustained body weight increase similar to that of the
rats in group N. However, due to the development of
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G

Figure 2 Histopathological changes of hepatic tissues as revealed by HE staining (n = 6, × 200). A: N; B: M at 4 wk; C: MA at 4 wk; D: M at 6 wk; E: MA at 6 wk; F:
M at 8 wk; G: MA at 8 wk.

supplementation (Figure 5A and B).

between two groups in microbiota composition. In
group N, the diversity was significantly lower at 8 wk
than at 4 wk and 6 wk, although the characteristics of
the liver and ileum of the animals were normal. The
similarity between 8 wk and 6 wk was lower than that
between 6 wk and 4 wk.

Effect of AS on microbiota dysbiosis in rats with liver
cirrhosis

Table 1 shows the mean diversity (Shannon index) of
each group and the mean similarity (Sorenson index)
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G

Figure 3 Histopathological changes of hepatic tissues as revealed by Masson’ trichrome staining (n = 6, × 200). A: N; B: M at 4 wk; C: MA at 4 wk; D: M at 6
wk; E: MA at 6 wk; F: M at 8 wk; G: MA at 8 wk.

Compared with group N, the microbiota diversity
of group M was significantly reduced at 4 and 6 wk,
but increased at 8 wk. The similarity was lower in
group M than in group N, which implies that the
dysbiosis of gut microbiota became much severe
during the development of cirrhosis. The PCR products

WJG|www.wjgnet.com

of gut bacteria that were prominent in group N and
dramatically diminished in group M, were sequenced
and identified as Lactobacillus, Eubacterium and
Desulfotomaculum. The PCR products of gut bacteria
that were prominent in group M but diminished
in group N were also sequenced and identified as
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E
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G

Figure 4 Histopathological change of small intestinal mucosa as revealed by HE staining (n = 6, × 200). A: N; B: M at 4 wk; C: M at 6 wk; D: M at 8 wk; E: MA
at 4 wk; F: MA at 6 wk; G: MA at 6 wk.

Clostridium or Desulfosporosinus.
Compared to group M, the diversity in group MA
was significantly increased at 4 wk while the similarity
was reduced at 6 and 8 wk. There was no obvious
change in diversity between group MA and group

WJG|www.wjgnet.com

M at 6 and 8 wk. The PCR products of gut bacteria,
which were diminished in group M and dramatically
reappeared in group MA at 4 wk, were also sequenced
and identified as Lactobacillus, indicating that AS
had some intervention effects on the dysbiosis of gut
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Table 1 Effect of artesunate on gut microbiota in rats with cirrhosis (n = 6)
Time points

N

M

Shannon index
4 wk
6 wk
8 wk

2.98 ± 0.00608
2.94 ± 0.0284
2.32 ± 0.103b,d

Sorenson index

Shannon index
b

0.686 vs N at 4 wk
0.581 vs N at 6 wk

2.44 ± 0.0606
2.44 ± 0.0103d
2.63 ± 0.123e

MA
Sorenson index
0.571 vs N at 4 wk
0.686 vs N at 6 wk
0.462 vs N at 8 wk

Shannon index
g

2.59 ± 0.0566
2.39 ± 0.0417
2.66 ± 0.119

Sorenson index
0.600 vs M at 4 wk
0.615 vs M at 6 wk
0.875 vs M at 8 wk

The diversity of each group was obtained using Shannon index. The normalized similarity between different groups was obtained using Sorenson index,
and the values closer to 0 indicate a lower similarity, meaning high degree of difference in bacterial composition between the two groups, while the values
closer to 1 indicate a higher similarity, implying that a little change occurred between the two groups. bP < 0.01 vs N group at 4 wk; dP < 0.01 vs N group at
6 wk; eP < 0.05 vs N group at 8 wk; gP < 0.05 vs M group at 4 wk.

A

800

found in MLN culture in group N. At 4 wk, Enterococcus
faecalis, E. coli, coagulase negative staphylococci
and Pseudomonas aeruginosa, mainly Enterococcus
faecalis, were found in groups M and MA, and one
or two types of bacterium was noted on the positive
cultured plates. At 6 wk, Enterococcus faecalis, E.
coli, and coagulase negative staphylococci were found
in groups M and MA; three species of bacterium in
most of positive cultured plates of MLNs and kidney
were found simultaneously, and one or two species
in other organs. More translocated bacterial species
were found at 8 wk than at 4 and 6 wk, which included
E. coli, Enterococcus faecalis, coagulase negative
staphylococci, Candida albicans, and Clostridium
difficile in groups M and MA. In addition, there were
2-5 species of translocated bacterium in MLNs and 1-3
species in other organs in group M, however, there
were 2-3 species in MLNs and 1-2 species in other
organs in group MA at 8 wk.

N

a

M

TNF-a (ng/g protein)

MA
600

400

200

0

B

c

350

Ileal

Liver
N

b

M

IL-6 (ng/g protein)

300

MA

250

c

200
150

DISCUSSION

100

In patients with advanced liver cirrhosis, intestinal
bacterial overgrowth and BT often exist, causing
[17-19]
spontaneous bacterial peritonitis and endotoxemia
.
It has been reported that the multiple pathogenic
factors-induced advanced liver disease such as
cirrhosis is associated with gastrointestinal function
disorder, intestinal bacteria overgrowth, intestinal
mucosal barrier injury, suppressed immune function,
BT and intestinal endotoxemia (IETM). BT and IETM
further exert harmful biologic effects that aggravate
[20]
liver injury and promote liver failure . BT in MLNs is
closely related to the overgrowth of intestinal bacteria
and the enhanced permeability of enteric mucosa
[21-25]
during development of liver cirrhosis
. In this
study, multiple pathogenic factors-induced liver injury
in rats was associated with gastrointestinal micro
biota dysbiosis, in which Lactobacillus, Eubacterium
and Desulfotomaculum dramatically diminished,
Clostridium or Desulfosporosinus appeared which was
not detected in the normal rats. This is significant
because Lactobacillus and Eubacterium belong to the
genera that produce short chain fatty acids (SCFAs)
[26]
and are dominant in the healthy people . As an
important energy source for intestinal epithelial cells,

50
0

Ileal

Liver

Figure 5 Levels of TNF-α and IL-6 in the tissue homogenates of liver and
ileum (n = 6). A: The levels of TNF-α; B: The levels of IL-6. aP < 0.05, bP < 0.01
vs N group; cP < 0.05 vs M group.

microbiota at early stage of cirrhosis development.

Effect of AS on BT during cirrhosis

No bacterium was detected in the blood of rats in all
groups. A few bacteria translocated to MLNs in rats
of group N. However, the occurrence of BT and the
numbers of translocated bacteria were increased in
MLNs, liver, spleen and kidney of the rats in group M
compared to those in group N. TR was significantly
higher in group M than in group N at 6 and 8 wk.
AS supplementation decreased the occurrence of BT
during the development of liver cirrhosis, and TR in
group MA was significantly lower than that of group M
at 8 wk (Table 2).
A few Escherichia coli (E. coli) and Proteu were
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barrier in the intestine through inhibiting BT. In the
present study, BT occurred mainly in MLNs at 4 wk, the
occurrence of BT in MLNs and kidney was significantly
increased at 6 wk, and the incidences of BT in MLNs,
liver and kidney were also significantly increased
at 8 wk. The species of translocated bacteria were
identified as E. coli, Enterococcus faecalis, coagulase
negative staphylococci, Proteu, Pseudomonas aeru
ginosa, Candida albicans, and Clostridium difficile,
which are common spontaneous pathogens in patients
with cirrhosis. However, no bacteria were detected in
cultured blood in this study. However, this observation
dose not exclude the possibility of BT to blood.
[36]
Teltschik et al
reported no bacterial growth in blood
culture in the model of CCl4-induced liver cirrhosis,
however, bacterial DNA was present in blood in the
[37]
model of cirrhosis , implying that BT may occur in
blood of patients with liver cirrhosis.
It has been shown that AS could effectively
[38]
suppress rat liver fibrosis by CCl4
or by immune
[39]
agents (bovine serum albumin) , and there were
[40]
no remarkable effect of AS on normal rats . In the
present study, the body weight of rats intervened
with AS in group MA increased gradually, and this
increase was more apparent as the experimental
time extended. The liver indices of rats in group MA
were lower than those in group M to some extent.
Meanwhile, the reduced liver histopathological changes
indicate that AS may have an effective intervention on
the development of cirrhosis.
Previously, it has been reported that AS can
[41]
increase the susceptibility to β-lactam antibiotics .
Here, the results showed that the numbers and
species of translocated bacteria declined, and the TR in
group MA was significantly lower than that of group M
at 8 wk. The damage to the intestinal mucosa caused
by liver injury was partially improved, and the levels
of pro-inflammatory IL-6 and TNF-α in group MA were
decreased in the ileal homogenates. In group MA, the
diversity of gut microbiota was significantly increased,
and Lactobacillus that were diminished in group M
reappeared at 4 wk. All these results suggest that AS
could reduce BT occurrence and have some effects
on the dysbiosis of gut microbiota during the early
development of cirrhosis. We hypothesize that AS may
play a role in maintaining the normal intestinal flora,
through antagonizing function of inflammatory factors
from liver damage and preventing BT. The underlying
molecular events need to be investigated further.
In summary, BT, dysbiosis of gut microbiota and
injury of intestinal mucosal barrier may occur and
become much severe as the liver cirrhosis progresses.
The key role of BT and dysbiosis of gut microbiota in
liver cirrhosis might be to promote infection-caused
inflammation that further aggravates liver injury.
Some non-antimalaria effects of AS could intervene
on dysbiosis of gut microbiota, alleviate inflammation
and inhibit BT, which collectively reduce the multiple

Table 2 Effect of artesunate on bacterial translocation in rats
with liver cirrhosis (n = 6)
Groups
4 wk

6 wk

8 wk

N
M
MA
N
M
MA
N
M
MA

Blood

MLNs

Liver

Spleen

Kidney

TR

0
0
0
0
0
0
0
0
0

2
4
2
0
6b
3
1
6c
5

0
1
0
0
2
2
0
5c
3

0
0
0
0
1
1
0
3
2

0
1
0
0
5a
3
0
6d
2

6.67%
20.00%
6.67%
0
46.67%b
30.00%
3.33%
66.67%d
40.00%e

The numbers in the table represent the positive number of cultures of
various organs and TR in all groups. aP < 0.05, bP < 0.01 vs N group at 6
wk; cP < 0.05, dP < 0.01 vs N group at 8 wk; eP < 0.05 vs M group at 8 wk

SCFAs improve gut barrier function by promoting cell
differentiation, producing mucin and antimicrobial
peptide, and upregulating expression of tight junction
[27,28]
proteins
. Furthermore, SCFAs have anti-inflam
matory effects that inhibit activation of the transcription
factor NF-κB, and consequently reduce formation
[29,30]
of pro-inflammatory cytokines
. Clostridium is
enriched in patients with liver cirrhosis and has been
[26]
reported to cause opportunistic infection . Clostridium
difficile was among the species of translocated
bacterium in our results. Increased numbers of
bacterial flora with diminished diversity in a susceptible
genotype has been shown in animal models to
[31,32]
contribute to the pathogenesis of Crohn’s disease
.
Lactobacillus, Eubacterium and Clostridium are the
bacteria known to have bile salt hydrolase activity
or 7α-dehydroxylation ability, and changes of these
bacteria would impair bile acid metabolism, thus
[33]
causing liver damages . Desulfotomaculum and
Desulfosporosinus are sulfate-reducing bacteria, which
may play a role in gut function.
In rats with liver cirrhosis induced by the multiple
pathogenic factors, dysbiosis of gut microbiota
occurred, Lactobacillus and Eubacterium were
reduced, enteric mucosa was damaged, levels of proinflammatory IL-6 and TNF-α were elevated, and
numbers of translocated bacteria were increased from
the intestine to MLNs, liver, spleen and kidney. All
these events could produce massive biologic effects,
aggravating liver injury and promoting liver failure.
It has been reported that among the intestinal
microbiota, Gram-negative enteric bacilli, such as E.
coli, Proteus and Enterobacter, translocate at high
levels to the MLNs in gnotobiotic mice, whereas Grampositive bacteria translocate at intermediate levels
[34]
and obligatory anaerobe at only very low levels . In
Peyer’ patches- and MLN-competent mice, BT in MLNs
was noted in 100% of tested mice, but BT in extraintestinal organs was rare (25%); on the other hand,
in Peyer’ patches- and MLN-deficient mice, BT in extra[35]
intestinal organs was noted in 91% of tested mice ,
further demonstrating that MLNs exert an important
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pathogenic factors (e.g., CCl4, alcohol and high fat)
induced liver cirrhosis.

7
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Background

8

In patients with advanced liver cirrhosis, intestinal bacteria overgrowth and
bacterial translocation (BT) often exist, causing spontaneous bacterial peritonitis
and endotoxemia. Antibacterial prophylaxis is effective in preventing infectious
complications. However, increasing antimicrobial resistance makes the patients
at high risk, thus non-antibiotic pathways are desperately needed to decrease
the risk of bacterial infections by reducing pathological BT as we enter the postantibiotic era.

9
10

Research frontiers

Artesunate (AS), extracted from the Chinese herb Artemisia annua, is a
safe and effective antimalarial drug. It has been reported that AS could also
decrease serum endotoxin levels in sepsis mice, and have an anti-inflammatory
role. However, it is uncertain whether AS is effective in preventing BT.

11

Innovations and breakthroughs

12

This is the first study investigating the effect of AS on BT and composition of
intestinal bacteria in rats with liver cirrhosis.

Applications

13

BT, dysbiosis of gut microbiota and injury of intestinal mucosal barrier may
occur and become much severe as the liver cirrhosis progresses. The key
role of BT and dysbiosis of gut microbiota in liver cirrhosis may be to interfere
with a number of biological process that further aggravate liver injury. AS could
intervene on dysbiosis of gut microbiota, alleviate inflammation and inhibit BT,
which collectively reduce the multiple pathogenic factors induced liver cirrhosis.
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Terminology

Gut microbiota, a wide variety of micro-organisms in the human gut, are
harmless and have an important role in human nutrition and health, promoting
nutrient supply, preventing pathogen colonization, and shaping and maintaining
normal mucosa immunity. BT is defined as the migration of intestinal flora and/
or their toxins into mesenteric lymph nodes and/or other extra-intestinal organs.

15

Peer-review
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The authors employed a model of cirrhosis in rats receiving both carbon
tetrachloride and alcohol. This is a well-tested model. They describe the
rationale for the investigation of the effect of arsenate and show a beneficial
effect both on body weight, histopathology, dysbiosis and BT.
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Abstract
AIM: To search for a new chronic pancreatitis model in
mice suitable for investigating the pathophysiological
processes leading to pancreatic fibrosis.

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 Shaanxi
University of Chinese Medicine.

METHODS: The mice were randomly divided into 2
groups (n = 50), control group and model group. The
mice in model group were given ethanol (10%) in
drinking water after injection of dibutyltin dichloride
(DBTC) (8 mg/kg BW) in tail vein. The mice in control
group were injected with only solvent into tail vein
(60% ethanol, 20% glycerine and 20% normal
saline) and drank common water. At days 1, 7, 14,
28, and 56 after application of DBTC or solvent, 10
mice in one group were killed at each time point
respectively. Blood was obtained by inferior vena cava
puncture. The activity of amylase, concentration of
bilirubin and hyaluronic acid in serum were assayed.
The pancreas was taken to observe the pancreatic
morphology by HE staining, and to characterize the
pancreatic fibrosis by Masson staining. The expression
of F4/80, CD3 and fibronectin (FN) were assayed
by immuno-histochemistry or Immunofluorescence
technique. Collagen type Ⅰ (COL1A1) in pancreas were
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detected by Western blot. The expression of matrix
metalloproteinase-1 (MMP-1) and tissue inhibitor of
metalloproteinases-1 (TIMP-1) mRNA in the pancreas
was assessed by real time PCR.

the pancreas, which typically presents with attacks
of severe upper abdominal pain. CP is characterized
by an irreversible, irregular fibrosis and chronic
continuing inflammation, and permanent loss of
[1,2]
exocrine and endocrine functions . The distribution
of extracellular matrix (ECM) components has been
shown in pancreas, indicating an increased deposition
of disorganized matrix components in chronic
[3,4]
pancreatitis . The mechanisms by which this ﬁbrotic
process occurs are not fully understood.
A variety of etiologic factors have been described
for the development of human chronic pancreatitis.
In recent years, biliary tract diseases and alcoholism
have been regarded as the leading causes of chronic
[5-7]
[8]
pancreatitis . In Sparmann’s experiment , the rats
were given a single intravenous application of dibutyltin
dichloride (DBTC) (8 mg/kg body weight) to induce
pancreatitis. After 24 h of DBTC treatment, they found
pancreatic edema and distention of the biliopancreatic
duct. The microscopic result showed administration of
DBTC induced destruction of duct epithelial cells and
that the clotting by necrotic cells caused an obstruction
of the biliopancreatic duct.
Chronic ingestion of alcohol is well-known for
the pathogenesis of human chronic pancreatitis,but
the ingestion of alcohol alone over a long time in
[9,10]
animals does not induce chronic pancreatitis
and
[11]
our primary experiment. In Merkord’s study , they
found an additional intake of ethanol (15% in drinking
water ad libitum) increased the toxic effects of DBTC
on pancreas and led to a stronger fibrosis in pancreas.
In rats, it was assured that the model with chronic
fibrotic lesions in pancreas was induced by single
intravenous injection of DBTC and additional daily
ethanol ingestion. But in mouse, the model of chronic
pancreatitis was usually induced with cerulein for a
[12,13]
long and repetition injection
. It must cost a good
deal to induce the model. As a good method, DBTC/
ethanol not only mimics the main causes of human
chronic pancreatitis, but also is effective, economic,
and handy. However, as we known, there are some
differences in the structure of bile ducts between rat
[14]
and mouse . So it is not clear whether DBTC/ethanol
can induce the model of chronic pancreatitis in mice
and its pathophysiology is similar to human.
In the present experiment, the influence of
DBTC joint ethanol on pancreatic lesion in mice was
investigated. By assaying the pathophysiological
change of pancreas, we look forward to search for a
new chronic pancreatitis model in mouse suitable for
investigating the pathophysiological processes leading
to pancreatic fibrosis.

RESULTS: DBTC induced an acute edematous pan
creatitis within 1 d. The dilated acini, scattered acinar
cell necrosis, and inflammatory cells were found at
day 7. Extensive infiltration with inflammatory cells
following deposition of connective tissue was observed
at day 14. At day 28, level of pancreatic fibrosis was
aggravated. The pancreatic tissue was replaced by an
extended interstitial fibrosis at the end of 2 mo. There
was significant difference in the level of amylase,
bilirubin and hyaluronic acid in serum between control
group and model group (P < 0.05). The level of
COL1A1 and FN in pancreas increased. The expression
of MMP-1 mRNA in pancreas decreased, but TIMP-1
mRNA increased at model group.
CONCLUSION: DBTC joint Ethanol drinking can induce
chronic pancreatitis in accordance with the patho
physiological modification of human. DBTC joint Etha
nol-induced pancreatitis in mice is an effective and
handy experimental method. The model is suitable to
study the mechanism of pancreatic fibrosis in chronic
pancreatitis.
Key words: Chronic pancreatitis; Fibrosis; Dibutyhin
dichloride; Ethanol models; Animal; Pathophysiology
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It was assured that the model with chronic
fibrotic lesions in pancreas was induced by single
intravenous injection of dibutyltin dichloride (DBTC)
and additional daily ethanol ingestion. But until now,
all experiments about the animal model induced by
DBTC just have been performed in rat. However, there
are some differences in the structure of bile ducts
between rat and mouse. As we known, rat has no gall
bladder, but mouse’s gall bladder structure is similar to
humans’. So we adopted DBTC injection joint long-term
consumption of ethanol to observe whether chronic
pancreatitis could be induced in mice and the related
pathophysiology.
Zhang H, Liu B, Xu XF, Jiang TT, Zhang XQ, Shi YL, Chen
Y, Liu F, Gu J, Zhu LJ, Wu N. Pathophysiology of chronic
pancreatitis induced by dibutyltin dichloride joint ethanol in mice.
World J Gastroenterol 2016; 22(10): 2960-2970 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i10/2960.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i10.2960

MATERIALS AND METHODS
Animals and materials

INTRODUCTION

KM mice (20-25 g) obtained from Experimental
th
Animal Center of 4 Medical University of PLA. (Grade

Chronic pancreatitis (CP) is an intractable disease of
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SPF ⅡCertificate No. 2005-005) were fasted but
free access to water for 12 h. All experiments were
performed in accordance with the animal care and
handling guidelines of the Committee on Animal Care
of Shaanxi Province. The antibodies against F4/80,
CD3, COL1A1 and FN were purchased from Santa
Cruz Biotechnology Inc. or Boster Biotechnology
Inc. The secondary antibodies and kits for immuno
histochemistry or immunofluorescence were provided
by Boster Biotechnology Inc., China. DBTC was
purchased from Sigma-Aldrich Co (Lot.205494). The
Kits for amylase bilirubin and hyaluronic acid obtained
from Biotechnology Company. Q-PCR kit and primers
were provided by Transgen Biotech Co, China. All other
chemicals were purchased from local source at the
highest purity available.

microscope.

Immunohistochemistry or Immunofluorescence
technique

Immunohistochemical or Immunofluorescence ana
lyses were performed according to standard protocols.
For Immunohistochemistry, antibodies were given in
the following concentrations. 1:300 dilution of F4/80
antibody (Santa Cruz Biotechnology Inc. sc-71088)
or CD3 antibody (Biosynthesis Biotechnology Inc.
bs-10498R) was diluted in blocking solution in a
humid chamber overnight at 4 ℃; 1:500 dilution of a
biotinylated secondary antibody for 40 min; the bound
peroxidase was visualized by reaction for 2-5 min in
a solution containing 50 mg of 3,3-diaminobenzidine
(DAB); counterstained with hematoxylin, dehydrated,
and mounted. For Immunofluorescence, 1:300 dilution
of FN antibody (Boster Biotechnology Inc. BA-1772)
was incubated in a humid chamber overnight 4 ℃ in
the dark; 1:500 dilution of FITC labeled secondary
antibody for 30 min; counterstained with DAPI
(1:10000) for 30 s, dehydrated and mounted coverslip
with anti-fade mounting medium. The slides for F4/80
or CD3 were examined under a light microscope.
Bright-field images were acquired using a Zeiss Axio1
imager with an AxioCam HRc (Zeiss, Germany). For
FN, the slides were examined under a fluorescent
microscope. Dark-field images were acquired using a
Olympus imager (Olympus, Japan).

Introduction of CP model in mice

The mice were randomly divided into 2 groups,
namely control group and model group (n = 50). The
mice in model group were injected DBTC solution
(DBTC was solved in 60% ethanol, 20% glycerine and
20% normal saline, the concentration was 3.2 μg/μL,
25 μL/10 g BW) into tail vein with a insulin syringe
[8]
at a dose of 8 mg/kg of body weight . The time of
injection must exceed over 1 min. After injection of
DBTC, the mice were given ethanol (10%) in drinking
water. The mice in control group were injected only
solvent (60% ethanol, 20% glycerine and 20% normal
saline) into tail vein and drunk common water.

Western blotting

Preparation of serum and tissue samples

For western blotting analysis, cellular proteins were
prepared from pancreas by standard methods. Protein
concentration were determined (Bio-Rad Protein Assay)
and adjusted to 4 μg/μL. The samples were boiled at
95 ℃ for 5 min before loading, and then subjected to
SDS-polyacrylamide gel electrophoresis and blotted to
PVDF membranes. The membranes were probed with
the following antibodies: anti- COL1A1 (Santa Cruz
Biotechnology Inc. sc-25974). A low-molecular weight
protein marker was used to determine the size of
detected bands in the western blot.

The mice were sacrificed at days 1, 7, 14, 28, and
56 after application of DBTC or solvent (n = 10 at
each time point). Blood samples were obtained by
inferior vena cava puncture and centrifuged at 4 ℃,
and then serum was stored at -80 ℃ for amylase,
bilirubin and hyaluronic acid analysis. The activity of
amylase, concentration of bilirubin and hyaluronic acid
in serum were assayed respectively. The pancreas was
taken to observe the pancreatic morphology by H&E
staining, and to characterize the pancreatic fibrosis
by Masson staining. The expression of F4/80, CD3
and FN were assayed by immuno-histochemistry or
Immunofluorescence technique. COL1A1 in pancreas
was detected by Western blot. The expression of
matrix metalloproteinase-1 (MMP-1) and tissue
inhibitor of metalloproteinases-1 (TIMP-1) mRNA in
the pancreas was assessed by real time PCR.

Quantitative polymerase chain reaction

RNA was extracted from pancreatic tissue (RNeasy
minicolumns; Transgen, China) and transcribed into
complementary DNA using Oligo (dT) Primer and
SuperScript Ⅱ reverse transcriptase (both Transgen,
China). For quantitative polymerase chain reaction
(Q-PCR), 100 ng complementary DNA was used for
each reaction and amplified. Primers, number of
cycle, and annealing temperature are given in Table
1. Reverse-transcription polymerase chain reaction
was performed using a SYBR Green reaction mix. The
assay was performed on an ABI 7500 Fast Real-Time
PCR System (Applied Biosystems). All experiments
were performed in triplicates, and expression levels
were normalized to β-actin and calculated using the

Histology, H&E and Massson staining

For morphological analyses, at days 1, 7, 14, 28, and
56, pancreas were removed, immediately immersed
in 4% neutral phosphate-buffered paraformaldehyde
for 12 h, embedded in paraffin, and sectioned (5 μm).
The sections of the specimens were stained with HE
or Masson staining, then observed the morphological
changes and fibrosis in pancreas under a light
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Table 1 Primer sequences used for quantitative polymerase chain reaction
Gene
MMP-1
TIMP-1
β-actin

Cycles

Tm (℃)

Forward primer

Reverse primer

40
40
40

60
60
60

5-GTG AAT GGC AAG GAG ATG ATG G-3
5-CAT CTC TGG CAT CTG GCA TCC-3
5-ACC ACA CCT TCT ACA ATG AG-3

5-ACG AGG ATT GTT GTG AGT AAT GG-3
5-CGC TGG TAT AAG GTG GTC TCG-3
5-ACG ACC AGA GGC ATA CAG-3

Tm: Melting temperature; MMP-1: Matrix metalloproteinase-1; TIMP-1: Tissue inhibitor of metalloproteinases-1.

2-ΔΔCt method. Primer Sequences were shown in
Table 1.

Bilirubin level in serum was also increased from 1 d
to 8 wk. This finding indicated that the pathogenetic
mechanism of the model included liver injury and
obstruction of biliopancreatic duct (Figure 2B). The
serum concentration of ECM component hyaluronic
acid was found to be increased at 2 wk, 4 wk and went
up more at 8 wk after DBTC and ethanol application
(Figure 2C). There were significant differences in the
level of amylase, bilirubin and hyaluronic acid in serum
between control group and model group (P < 0.01).
The infiltration of inflammatory cells in the pancreas
of mice with pancreatitis induced by DBTC and
ethanol were shown in Figure 3. One day after DBTC
application, the leukocytes infiltrating in pancreas were
identified as polymorphonuclear leukocytes and a few
macrophages marked with F4/80 (Figure 3A). The
T-lymphocyte marker CD3 could not be detected on
the first day after DBTC application (Figure 3B). But 7
d after DBTC and ethanol application, the number of
infiltrating T-lymphocyte increased, the granulocytic
infiltration decreased. After 2 wk, during the following
several weeks, there was a marked increase of
macrophages and T lymphocytes. The positive ratio of
macrophage and T lymphocytes reached the highest
level at 4 wk, and sustained the high level at 8 wk. The
result showed that macrophages and T-lymphocytes
were the predominant population of inflammatory cells
during the development of chronic pancreatitis.

Statistical analysis

Data were expressed with means ± SD and compared
by the non paired Student t test and one-way analysis
of variance.

Biostatistics statement

We invited an expert in Biomedical Statistics to
evaluate the statistical method in our manuscript. The
statement of statistical analyses was shown in the
Materials and Methods section. We have explained the
bio-statistical methods from our experimental data in
the Figure legend.

RESULTS
Morphological changes in pancreas

One day after DBTC injection, an acute edematous
pancreatitis was induced. One week after model,
acute pancreatitis had developed with mild infiltration
of neutrophilic granulocytes, acinar cell edema and
necrosis. At day 14, the pancreatic duct showed
extreme dilatation, edema and a partial necrosis of
the surface epithelium, infiltration of lymphocytes and
macrophages following deposition of connective tissue
in pancreas was observed. At 4 wk to 8 wk, level of
pancreatic fibrosis was aggravated. The pancreatic
tissue was characterized by the lost of acinar cells and
islets, replacement of an extended interstitial fibrosis
at the end of 2 mo (Figure 1A, × 100). Collagen
deposition increased significantly and was found by
Masson staining in the model group compared with
the control group (Figure 1B, × 200). In model group,
the mortality rate was about 30.4% and 8 wk after
administration of DBTC and ethanol, 71.4% (10/14)
of the survival mice showed periductal and interstitial
fibrosis as well as an infiltration of inflammatory cells
in the pancreas.

Fibrotic parameter changes in pancreas

The expression of fibronectin (FN) and collagen
type Ⅰ (COL1A1) in the mouse pancreas were assessed
by Immunofluorescence and Western blot analysis
respectively.
As shown in Figure 4A, there was no FN expression
in the pancreas of control group. DBTC and ethanol
administration led to an obvious expression of FN in
pancreas. The time course of the induction showed
a weak level on 1 d and 1 wk. Subsequently, the FN
expression increased markedly at 2 wk and remained
elevated level during the observation period.
In Figure 4B, the expression of COL1A1 was shown
during the DBTC pancreatitis. The expression level
of COL1A1 was corrected with β-actin. There was no
COL1A1 expression in the control group. The relative
expression of COL1A1 was elevated at 2 wk and
remained elevated level during the observation period.
These findings were in agreement with the
morphological alterations in the pancreas. The single

Biochemical parameter changes in serum

The activity of amylase was increased after 24 h.
At 1 wk, the activity of amylase less decreased, but
still did not return to normal value and remained
the elevated level until 4 wk. At 8 wk after DBTC
and ethanol application, with the development of
pancreatic fibrosis and loss of pancreatic tissue, the
activity of amylase declined sharply (Figure 2A).
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Control

1d

1 wk

HE

A

2 wk
Control

2 wk

4 wk

8 wk

8 wk

Masson staining

B

4 wk

Figure 1 Morphological changes in pancreatic sections obtained from mice with chronic pancreatitis induced by Dibutyltin Dichloride joint Ethanol
drinking. A: The pancreatic morphology at different time-point by HE staining (original magnification: 100 ×); B: Collagen deposition by Masson staining (original
magnification: 200 ×).

intravenous application of DBTC and continuous
ethanol drinking could induce a typical morphological
modification from acute interstitial pancreatitis with
pancreas edema, acinar cells necrosis, to chronic pan
creatitis with persistent inflammation and permanent
fibrosis in pancreas of mouse.

real-time PCR. Decreased MMP-1 levels were detected
in pancreas samples obtained from mice with CP
induced by DBTC and ethanol. Compared with the
control group, the MMP-1 expression level decreased
at 1 wk and went down more at 2 wk and sustained
the low level at 4 as well as 8 wk in model group (P <
0.01).
Figure 5B showed the TIMP-1 mRNA expression
level. One week after DBTC and ethanol application,
TIMP-1 mRNA decreased significantly (P < 0.05). But

Disorder of MMP-1/TIMP-1 in pancreas

As shown in Figure 5, the expression of MMP-1mRNA
and TIMP-1 mRNA in the pancreas was assessed by
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Figure 2 Biochemical parameter changes in serum of mice with chronic pancreatitis induced DBTC-induced by Dibutyltin Dichloride joint Ethanol drinking
at the indicated time. A: Amylase activity (U/L); B: Level of bilirubin (mmol/L); C: Concentration of hyaluronic acid (μg/L). Values are shown as mean ± SD (n = 8).
Results are expressed as mean ± SD compared with control; aP < 0.05 vs control.

it suddenly returned to a higher level at 2 wk and
went up more at 4 wk (P < 0.05). At 8 wk, the TIMP-1
mRNA level went back to near normal.

pathological features.
According to the common clinical etiology,some
experiment mimicked the inducer to make chronic
[19,20]
pancreatitis in animals
. DBTC is a fat-soluble
substances and excreted from liver, gallbladder to
[11,21]
pancreatic duct after intravenous injection
. By
drainage, pancreatic duct epithelial cells are damaged
and cell necrosis appear. Damaged epithelium cells will
be gathered, then caused the obstruction of pancreatic
[8]
duct . It mimics the pathologic progress of biliary
tract diseases which is accompanied by pancreas and
[22,23]
bile duct obstruction. In rats
, some experiments
showed administration of DBTC induced destruction
of duct epithelial cells and that the clotting by necrotic
cells caused an obstruction of the biliopancreatic
duct and occurred chronic pancreatitis. At the same
time adding ethanol into drinking water aggravated
the toxic effects of DBTC on pancreas and lead to a
[24]
stronger pancreatic fibrosis . It was assured that the
model with chronic fibrotic lesions in pancreas was
induced by single intravenous injection of DBTC and
additional daily ethanol ingestion. But until now,all
experiments about the animal model induced by DBTC

DISCUSSION
Chronic Pancreatitis (CP) is a common disease
which caused by biliary disorders or long-term
alcohol drinking and showed specific pathological
manifestations including localized or diffuse chronic
inflammation in pancreatic parenchyma, and other
irreversible damage in pancreatic acini and islet
[15,16]
cell
. The shrink or disappear of pancreatic
parenchyma causes significant clinical manifestations
which is characterized by different degrees of disorder
[17,18]
for pancreatic exocrine and endocrine function
.
The patient’s life quality will be influenced seriously.
Although the etiology of chronic pancreatitis is various,
the eventual pathological change keeps in agreement.
The sustained progress in chronic inflammation leads
to atrophy in pancreatic parenchyma gradually and
be replaced by fibrous tissue eventually. Progressive
pancreatic fibrosis has been looked as the main
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1d
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8 wk

Figure 3 Immunohistochemistry of macrophages and T lymphocytes in DBTC-induced pancreatitis at different time-point. A: Macrophages were stained
using an anti-mice macrophage antibody (F4/80) (original magnification: 400 ×); B: T lymphocytes were stained using an anti-mice CD3 monoclonal antibody (original
magnification: 400 ×).
[8,11,22,23]

just have been performed in rat
. Because of
the differences in the structure of pancreas and bile
ducts between rat and mouse, it is not clear whether
DBTC/ethanol can induce the model of chronic pan
creatitis in mice. As we known, rat has no gall bladder, but
mouse’s gall bladder structure is similar to human’s. So
we adopted DBTC injection joint long-term consumption
of ethanol to observe whether chronic pancreatitis

WJG|www.wjgnet.com

could be induced in mice.
Our results showed that acute pancreatitis
had developed with mild infiltration of neutrophilic
granulocytes, acinar cell edema and necrosis at 1 wk.
At 2 wk, we observed extreme dilatation of pancreatic
duct, infiltration of lymphocytes and macrophages,
as well as deposition of fiber. With the development
of injury, pancreatic tissue was lost and replaced by
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Control
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Figure 4 Fibrotic parameter changes in pancreas of mice with chronic pancreatitis induced DBTC-induced by dibutyltin dichloride joint ethanol drinking
at the indicated time. A: FN expression in pancreas with immunofluorescence double staining of FN and DAPI showing co-expression in the pancreas (original
magnification: 200 ×); B: COL1A1 expression in pancreas with western blot.

the activity of amylase declined sharply. It implied
that pancreatic exocrine was destroyed seriously. The
morphological alterations in the pancreas and biological
parameters suggested that the single intravenous
application of DBTC and continuous ethanol drinking
could induce a typical morphological modification from
acute interstitial pancreatitis with pancreas edema,
acinar cells necrosis, to chronic pancreatitis with

irregular extended interstitial fibrosis at the end of 2
mo. The expression of FN and COL1A1 in pancreas,
serum concentration of ECM component hyaluronic acid
increased markedly at 2 wk and remained elevated
level during the observation period. At the early stage,
acute pancreatic injury incurred the overdue activation
of amylase in serum. But at 8w, with the development
of pancreatic fibrosis and loss of pancreatic tissue,
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Figure 5 MMP-1mRNA and TIMP-1mRNA changes in pancreas of mice with chronic pancreatitis induced DBTC-induced by dibutyltin dichloride joint
ethanol drinking at the indicated time. A: MMP-1 mRNA expression in pancreas with Q-PCR; B: TIMP-1 mRNA expression in pancreas with Q-PCR. Values are
shown as mean ± SD (n = 8). Results are expressed as mean ± SD. aP < 0.05 vs control.

persistent inflammation and permanent fibrosis in
pancreas of mouse.
During the whole observation period, bilirubin level
in serum was increased. The result indicated that the
pathogenetic mechanism of the model included liver
injury and obstruction of common biliopancreatic duct.
Combined with the morphological alteration in extreme
dilatation and epithelia cells necrosis of pancreatic
duct, it was assured that DBTC induced destruction of
duct epithelial cells and the clotting by necrotic cells
caused an obstruction of the biliopancreatic duct and
chronic pancreatitis.
Matrix metalloproteinases (MMPs) are a group
of peptide enzyme depended on the zinc ions. Its
main function is to degrade the ECM composition
[25]
including collagen or fiber connection protein . Tissue
inhibitor of metalloproteinases (TIMPs) are the most
important family of molecules involved in regulation
of extracellular MMP activity. TIMPs are produced by a
wide variety of cells and often cosecreted with MMPs,
providing local autoregulation of MMP activity. The
[26]
activity of MMP can be inhibited by TIMPs . There
are 14 kinds of MMPs and 4 kinds of TIMPs have been
found. The most important representative is MMP-1
and TIMP-1 respectively. MMP-1specifically degrades
type Ⅰ collagen, which is a major component of the
extracellular matrix, as well as other types of collagens.
Recent studies considered that it was accompanied
with MMP-1 down-expression and TIMP-1 overexpression during the progress of fibrosis in liver or
[27-29]
pancreas
. In this experiment, we induced chronic
pancreatic fibrosis and assessed the level of MMP-1
mRNA and TIMP-1 mRNA in the mouse pancreas.
MMP-1 expression level decreased at 1 wk and went
down more at 2 wk, sustained the low level at 4 and 8
wk in model group. One week after DBTC and ethanol
application, TIMP-1 mRNA decreased significantly. But
it suddenly returned to a higher level at 2 wk and went
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up more at 4 wk. At 8 wk, the TIMP-1 mRNA level
went back to near normal. As we known, the function
of MMP-1 plays an important role in degrading the ECM
[30]
composition . Its low level leads to the low ability for
degrading the ECM. TIMP-1 over-expression inhibited
the activity of MMP-1, further weakened the capability
of MMP-1 degrading type Ⅰ collagen and caused the
[31]
deposition of ECM in pancreas , namely pancreatic
fibrosis.
It is worthwhile to note that the technician should
master skillful technique for tail vein injection, and
injection speed of DBTC must be slowly. As we known,
DBTC was dissolved in ethanol and glycerin, so if
DBTC solution was leaked into subcutaneous tissue
of tail, the far end of tail would be necrosis and fall
off. If the injection speed of DBTC was too fast, the
sudden death would occur because of pulmonary
embolism. In our experiment, the mortality rate was
about 30% in model group. Four and eight weeks
after administration of DBTC and ethanol, 71.4% of
the survival mice showed periductal and interstitial
fibrosis as well as an infiltration of inflammatory cells
in the pancreas. Our results suggested that single
intravenous application of DBTC and continuous
ethanol drinking can induce chronic pancreatitis in
accordance with the pathophysiological modification
of human. DBTC joint Ethanol-induced pancreatitis in
mice is an effective and handy experimental method.
The model is suitable to study the mechanism of
pancreatic fibrosis in chronic pancreatitis.

COMMENTS
COMMENTS
Background

Biliary tract diseases and alcoholism have been regarded as the leading causes
of chronic pancreatitis. It was assured that the model with chronic fibrotic
lesions in pancreas was induced by single intravenous injection of dibutyltin
dichloride (DBTC) and additional daily ethanol ingestion in rats.
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DBTC is a toxic substance and excreted from biliary and pancreatic duct. It can
induced destruction of duct epithelial cells and caused an obstructive chronic
pancreatitis. Ethanol aggravated the toxic effects of DBTC on pancreas and
lead to a stronger pancreatic lesion.
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Innovations and breakthroughs

There are some differences in the structure of bile ducts between rat and
mouse. So it is not clear whether DBTC/ethanol can induce the model of
chronic pancreatitis in mice. By assaying the pathophysiological change of
pancreas, the authors look forward to search for a new chronic pancreatitis
model in mice to investigate the pathophysiological processes leading to
pancreatic fibrosis.
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Applications

Single intravenous application of DBTC and continuous ethanol drinking
can induce chronic pancreatitis in accordance with the pathophysiological
modification of human. DBTC joint Ethanol-induced pancreatitis in mice is an
effective and handy experimental method. The model is suitable to study the
mechanism of pancreatic fibrosis in chronic pancreatitis.
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Terminology

DBTC is a fat-soluble substance and excreted from liver, gallbladder to
pancreatic duct after intravenous injection. By drainage, pancreatic duct
epithelial cells were damaged and cell necrosis appeared. Damaged epithelium
cells gathered, then caused the obstruction of pancreatic duct. It mimics the
pathologic progress of biliary tract diseases which is accompanied by pancreas
and bile duct obstruction.
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Peer-review
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The authors describe a mouse model of pancreatic fibrosis induced by a single
DBTC injection associated with ad libitum alcohol consumption. This model
has been used to experimental studies in rats but not in mice. They reproduce
progressive histological and biochemical pancreatic changes after acute
pancreatitis. The methods are well described and suitable to characterize the
pathological events in the pancreas. The results are well presented and the
original aim is accomplished: a chronic pancreatitis model in mice is described.
The model permits to investigate the progression of acute pancreatitis towards
a chronic process.
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Abstract
AIM: To explore the synergistic effect of docosahexaenoic
acid (DHA)/5-fluorouracil (5-FU) on the human gastric
cancer cell line AGS and examine the underlying
mechanism.

Conflict-of-interest statement: We have no conflicts of interest
to declare.

METHODS: AGS cells were cultured and treated with
a series of concentrations of DHA and 5-FU alone or
in combination for 24 and 48 h. To investigate the
synergistic effect of DHA and 5-FU on AGS cells, the
inhibition of cell proliferation was determined by MTT
assay and cell morphology. Flow cytometric analysis
was also used to assess cell cycle distribution, and the
expression of mitochondrial electron transfer chain
complexes (METCs) Ⅰ , Ⅱ and Ⅴ in AGS cells was
further determined by Western blot analysis.

Data sharing statement: Technical appendix, statistical code
and dataset are available from the corresponding author at
dawn@mail.xjtu.edu.cn.
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selected by an in-house editor and fully peer-reviewed by external
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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: DHA and 5-FU alone or in combination
could markedly suppress the proliferation of AGS cells
in a significant time and dose-dependent manner.
DHA markedly strengthened the antiproliferative effect
of 5-FU, decreasing the IC50 by 3.56-2.15-fold in an
apparent synergy. The morphological changes of the
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cells were characterized by shrinkage, cell membrane
blebbing and decreased adherence. Cell cycle analysis
showed a shift of cells into the G0/G1 phase from the
S phase following treatment with DHA or 5-FU (G0/G1
phase: 30.04% ± 1.54% vs 49.05% ± 6.41% and
63.39% ± 6.83%, respectively, P < 0.05; S phase:
56.76% ± 3.14% vs 34.75% ± 2.35% and 25.63% ±
2.21%, respectively, P < 0.05). Combination treatment
of DHA and 5-FU resulted in a significantly larger shift
toward the G0/G1 phase and subsequent reduction in
S phase (G0/G1 phase: 69.06% ± 2.63% vs 49.05% ±
6.41% and 63.39% ± 6.83%, respectively, P < 0.05;
S phase: 19.80% ± 4.30% vs 34.75% ± 2.35% and
25.63% ± 2.21%, respectively, P < 0.05). This synergy
was also reflected in the significant downregulation of
the expression of METCs in AGS cells.

approximately 60% of the global prevalence of gastric
[1]
cancer and 41% in China alone . Surgical intervention
remains the only therapeutic modality with a
[3]
potentially curative effect with increased success
[4]
rates following postoperative adjuvant chemotherapy .
5-fluorouracil (5-FU) is the first-line chemotherapeutic
agent recommended for gastric cancer; however,
its therapeutic effect is often hampered by lower
response rate and considerable adverse effects. The
degree of these side effects often limits the dosage
to a sub-effective range compromising the quality of
[5]
life of patients . Therefore, it is imperative to find
a better solution to improve the efficacy of current
anticancer drugs. Several studies have observed
that docosahexaenoic acid (DHA) has the potential
to augment the efficacy of chemotherapeutics. This
subsequently allowed lower dosages of 5-FU to be
administered in combination with DHA in the human
colorectal cancer cell lines and colon adenocarcinoma
[6,7]
model . The studies in cancer cell lines and cancerbearing animals showed that DHA supplementation
had a powerful adjuvant activity and has then emerged
as an innovative approach to chemosensitize cancer
[8]
cells . Although many studies have been performed
at present to investigate the underlying mechanisms
of this synergy, there is still no commonly accepted
answer.
DHA is one of the most important members of the
omega-3 polyunsaturated fatty acids (ω-3 PUFAs) which
are essential fatty acids that can not be synthesized
by the body and thus must be obtained from dietary
sources. Omega-3 PUFAs play many physiological
roles in the body including acting as sources of cellular
energy, constructing the phospholipids required for
[9]
cell membranes and providing membrane fluidity .
It was not until recently that evidence from both in
vitro and in vivo studies began to show DHA possesses
anticancer properties against several cancers such
[10]
[11]
[12]
as liver cancer , colon cancer , bladder cancer ,
[13]
[14]
breast cancer
and lung cancer . In this regard,
DHA not only suppresses carcinogenesis but also
inhibits disease progression. But when it comes to
gastric cancer, there are few studies and little evidence
reviewing the effects of DHA. Meta-analyses examining
an association between DHA consumption and the risk
[15,16]
of gastric cancer are inconclusive
, but high-dose
DHA has been shown to induce apoptosis through
activator protein-1 (AP-1) activation in gastric cancer
[17]
cells AGS . The studies further demonstrated that
the mechanisms by which DHA in combination with
5-FU exerts an apoptotic effect are believed to be the
regulation of apoptosis-associated gene expression
[18,19]
in gastric cancer cells SGC7901 and MGC803
.
As a unique cellular organelle, mitochondria play a
major part in apoptosis process and cellular energy
metabolism. Thus, the effect of co-administration of
DHA with 5-FU on mitochondria of human gastric
cancer cells needs to be further investigated.

CONCLUSION: Synergistic anticancer properties of
DHA and 5-FU may involve interference with energy
production of AGS cells via downregulation of METCs
and cell cycle arrest.
Key words: Docosahexaenoic acid; Gastric cancer;
5-fluorouracil; Cell line; Mitochondria
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We explored the synergistic anticancer
properties of docosahexaenoic acid (DHA) and
5-fluorouracil (5-FU) against gastric cancer cells and
the underlying mechanism. DHA and 5-FU alone or in
combination could markedly suppress the proliferation
of AGS cells in a significant time and dose-dependent
manner. Co-administration of DHA with 5-FU resulted
in a significantly larger shift toward the G0/G1 phase
and a significant downregulation of the expression
of mitochondrial electron transfer chain complexes
in AGS cells. The associated mechanism may involve
interference with energy production of AGS cells via
downregulation of mitochondrial electron transfer chain
complexes and cell cycle arrest in G0/G1 phase.
Gao K, Liang Q, Zhao ZH, Li YF, Wang SF. Synergistic
anticancer properties of docosahexaenoic acid and 5-fluorouracil
through interference with energy metabolism and cell cycle
arrest in human gastric cancer cell line AGS cells. World J
Gastroenterol 2016; 22(10): 2971-2980 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i10/2971.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i10.2971

INTRODUCTION
Gastric cancer is the fourth most frequently occurring
[1]
malignancy worldwide and the second leading
[2]
cause of cancer-related deaths . In particular East
Asia, including Japan, South Korea and China, reports
the highest mortality rates. East Asia accounts for
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The energy metabolism of cancer cells is a heated
topic. The Warburg effect indicates that cancer cells
have faults in mitochondrial oxidative phosphorylation
and therefore rely on chiefly anaerobic glycolysis in
cytosol, even in the presence of plentiful oxygen,
as the major source of ATP to support cellular
[20]
proliferation . However, many researchers have
showed that mitochondria have distinct functions in
most cancer cells and are the primary contributors
[21-24]
to ATP production
. Omega-3 PUFAs are involved
in a variety of mitochondrial processes including
mitochondrial calcium homeostasis, respiratory
function and mitochondrial apoptosis. Thus, competing
influences over mitochondria could be the foundation
for the disruptive effects of DHA on cancer cells,
and further examination of its interaction with the
components of the mitochondrial electron transfer
chain complexes (METCs) is needed.
The present study aimed to investigate a synergistic
effect of DHA together with the chemotherapeutic
agent 5-FU most commonly administrated in stomach
cancer on human gastric cancer cell line AGS and to
identify the probable underlying mechanism.

of dimethyl sulfoxide (DMSO) was added to each well
to solubilize the purple formazan crystals completely.
Absorbance values at 570 nm were measured with a
microplate reader and are reported as a percentage of
growth with respect to the control. Inhibition rate of
cell growth was measured using the formula: inhibition
rate (%) = [1 - OD570 (experiment group)/OD570
(control group)] × 100. All experiments were repeated
in triplicate. The drug concentration that produced
50% inhibition of cell proliferation (IC50) was calculated
and analyzed for 5-FU, DHA and the combination.
Based on the IC 50 values obtained for DHA and
5-FU from the MTT assay, the optimal treatment
concentrations for DHA and 5-FU were determined to
be 30.00 μg/mL and 12.50 μg/mL, respectively.

Cell cycle distribution

Cell cycle distribution was analysed by flow cytometry.
Briefly, AGS cells were seeded in 6-well plates with
growth medium (control group), DHA in medium (30.00
μg/mL), 5-FU in medium (12.50 μg/mL), or DHA
plus 5-FU in medium (30.00 μg/mL + 12.50 μg/mL).
After incubation for 48 h, the cells were harvested by
trypsinization, washed twice with ice-cold phosphate
buffered saline (PBS) and pelleted in a centrifuge.
Cells were fixed in 70% ethanol at -20 ℃ overnight.
The ethanol was decanted following centrifugation
and the cells were washed once with cold PBS. The
cells were then treated with 1.0 μg/mL RNase for 30
min and stained with propidium iodide. The cell cycle
distribution of the stained cells was then analyzed by
flow cytometry (FACSCalibur; Becton-Dickinson, San
Diego, CA, United States). The data were analyzed
with CellQuest Pro (Becton-Dickinson) and ModFit LT
software (Verity Software House, Inc., Topsham, ME,
United States) to determine the cell distribution in G0/
G1 (stationary phase), S (DNA synthesis phase), and
G2/M.

MATERIALS AND METHODS
Reagents and antibodies

DHA and 5-FU were bought from Sigma Chemical
Company (St. Louis, MO, United States). DHA was dissolved
in ethanol at a concentration of 5 mg/mL. RPMI-1640
medium was bought from GIBCO (Grand Island,
NY, United States). METCs Ⅰ, Ⅱ and Ⅴ monoclonal
antibodies were purchased from Invitrogen (Carlsbad,
United States). MTT [3-(4,5-dimethylthiazolyl-2)-2,5diphenyltetrazolium bromide] was purchased from
Beijing Cellchip Biotechnology Corporation (Beijing,
China).

Cell culture and MTT assay for the inhibition of cell
growth

Western blots analysis

The human gastric adenocarcinoma cell line AGS was
kindly provided by Prof. You-Fen Li (Xi’an Jiaotong
University, Xi’an, China). AGS cells were cultured in
RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS) (Hangzhou Biotechnology Co.
Ltd), 100 U/mL penicillin and 0.1 mg/mL streptomycin
in a humidified incubator at 37 ℃ with 5% CO2.
The cells growing in logarithmic phase were seeded
4
in 96-well plates at 1.0 × 10 cells per well and
allowed to adhere overnight, after which a series of
concentrations of DHA (7.5, 15, 22.5, 30, 37.5, and
45 μg/mL) and/or 5-FU (1.5625, 3.125, 6.25, 12.5,
25, and 50 μg/mL) were added to the well for 24 or
48 h. Control experiments were carried out by adding
ethanol without DHA to AGS cells. After 24 or 48 h of
incubation, 20 μL MTT (5 mg/mL) was added to each
well and the cells were re-incubated for another 4 h at
37 ℃. After removal of the supernatant gently, 200 μL
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AGS cells were incubated with medium (control
group), DHA in medium (30.00 μg/mL), 5-FU in
medium (12.50 μg/mL) or DHA plus 5-FU in medium
(30.00 μg/mL + 12.5 μg/mL). Following incubation
for 24 or 48 h, the cells from the different treatment
groups were harvested, washed with PBS twice and
lysed with 500 μL of Mito-Cyto (mitochondrial cytosol)
isolation buffer. The BSA assay was used to determine
the concentration of protein samples. Equal amounts
of protein samples were loaded onto a 12% sodium
dodecyl sulfate-polyacrylamide gel for electrophoresis.
After electrophoresis the proteins were transferred
into PVDF membranes. The membranes were blocked
with 5% skim milk in PBST (phosphate-buffered
saline with 0.1% tween 20) for 2 h and incubated
with specific monoclonal antibodies against METCs Ⅰ,
Ⅱ and Ⅴ at 4 ℃ for 2 h. After three washes with
PBST buffer, the membranes were incubated with
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and 48 h), suggesting a synergistic effect between the
two drugs.

Table 1 Analysis of the interaction between the inhibitory
effect of docosahexaenoic acid in combination with
5-fluorouracil on cell growth by combination index
Time (h)
24
48

Combination index

P a value

0.161 ± 0.065
0.057 ± 0.013

< 0.05
< 0.05

Morphological changes of AGS cells

The AGS cell morphology following exposure to
the test compounds was evaluated successively
under an inverted-phase microscope. Cells grown in
medium alone appeared spindle-shaped with dense
intercellular gaps and an active proliferative capacity.
Cells treated with DHA or 5-FU exhibited a ring-shaped
appearance, had a lower viability and fewer adhered
cells. Cells exposed to the combination treatment were
characterized by shrinkage, cell membrane blebbing
and the lower level of cell adherence (Figure 2).

a

P < 0.05 vs the additive combination index of 1 by Student’s t-test.

an anti-mouse secondary antibody (Jackson, United
States) conjugated with peroxidase for 2 h at room
temperature. The bands of proteins were visualized
using the enhanced chemiluminescence detection
system. Quantification of the bands of proteins was
evaluated by densitometric scanning.

Cell cycle analysis

The effect of DHA and 5-FU on the cell cycle
distribution was evaluated by flow cytometry. The
cell cycle distribution of AGS cells in the control group
showed a percentage of cells of 30.04% ± 1.54%
in the G0/G1 phase, and 56.76% ± 3.14% in the S
phase. However, exposure of the cells to DHA or 5-FU
brought about a significant increase in the percentage
of cells in the G0/G1 phase (49.05% ± 6.41% and
63.39% ± 6.83%) while the proportion of cells in the
S phase sharply decreased (34.75% ± 2.35% and
25.63% ± 2.21%) as compared to the control cells.
On the other hand, the combination treatment led to a
further accumulation of cells in G0/G1 phase (69.06%
± 2.63%) and reduction in S phase (19.80% ± 4.30%)
compared to DHA and 5-FU alone (Figure 3).

Statistical analysis

The results are expressed as the mean ± SE. Statistical
analyses were performed using Student’s t test and
one-way ANOVA. Post hoc testing was performed for
inter-group comparisons using the least significance
difference (LSD). Significance was defined as P < 0.05.
The combination index (CI) was calculated using the
formula CI = %AB/%A × %B, where %A and %B
are the inhibition rate of DHA and 5-FU alone on AGS
cell growth, and %AB is the inhibition rate of DHA
[25]
and 5-FU in combination on AGS cell growth . When
combination index is 1, the effect between DHA and
5-FU is considered additive; when combination index
is significantly greater than or less than 1, the effect is
considered subadditive or supraadditive, respectively.

Expression of METCs Ⅰ , Ⅱ and Ⅴ

The effect of DHA and 5-FU on the expression of
METCs Ⅰ, Ⅱ and Ⅴ in AGS cells was investigated by
Western blot analysis. As shown in Figure 4, incubation
of the cells with DHA for 48 h resulted in a significant
decrease in the expression of METCs Ⅰ, Ⅱ and Ⅴ
by 2.0-fold, 1.55-fold and 4.41-fold, respectively, as
compared with control cells. Treatment with 5-FU
for 48 h also led to a remarkable reduction in the
expression of METCsⅠ, Ⅱ and Ⅴ by 2.81-fold, 1.67-fold
and 4.94-fold, respectively, as compared with control
cells. The combination treatment of DHA with 5-FU
further exhibited a statistically significant decrease in
the expression of METCs compared to the individual
treatments.

RESULTS
Effects of DHA and 5-FU on the proliferation of AGS
cells

To investigate the synergistic effect of DHA and 5-FU
on AGS cells, the inhibition of cell proliferation was
determined by a MTT assay. The growth inhibition of
AGS cells treated with the two compounds individually
was first measured. The results demonstrated that
DHA and 5-FU could markedly inhibit the proliferation
of AGS cells in a significant time and dose-dependent
manner (Figure 1). Furthermore, the values of IC50 for
DHA or 5-FU administered for 24 and 48 h were 51.60
μg/mL (DHA: 24 h), 34.82 μg/mL (DHA: 48 h), 45.90
μg/mL (5-FU: 24 h), and 16.86 μg/mL (5-FU: 48 h).
When the two compounds were used in combination,
the IC50 values for DHA reduced to 34.17 μg/mL and
23.06 μg/mL for 24 and 48 h incubations, respectively.
DHA could notably strengthen the inhibitory effect of
5-FU on the growth of AGS (Figure 1). The IC50 values
for 5-FU in the presence of DHA sharply dropped
to 12.90 μg/mL and 7.84 μg/mL at 24 and 48 h,
respectively. The evaluation of the interaction between
DHA and 5-FU on AGS cell growth (Table 1) yielded a
combination index < 1 for different time points (24 h
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DISCUSSION
Improving the efficacy of chemotherapy in gastric
cancer is a necessity for increasing the overall
[3]
survival rate and quality of life for patients . In spite
of progress in traditional cancer chemotherapy, the
prognosis for patients with advanced gastric cancer
is still very poor. The antineoplastic agent 5-FU is the
first-line chemotherapy which has a broad activity in
gastrointestinal cancers; however, as with most cancer
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Figure 1 Inhibitory effect of docosahexaenoic
acid or/and 5-fluorouracil on the growth of AGS
cells. A-C: Growth inhibition rate of AGS following
24 or 48 h treatment with increasing concentrations
of docosahexaenoic acid (DHA) and 5-fluorouracil
(5-FU) alone or in combination. The inhibition was in a
significant time and dose-dependent manner; D: DHA
notably increased 5-FU cytotoxicity. aP < 0.05 vs cells
treated with DHA (7.50 μg/mL), 5-FU (1.5625 μg/mL),
and DHA (7.5 μg/mL) plus 5-FU (1.5625 μg/mL) for 48
h, respectively; bP < 0.05 vs cells treated with DHA (7.50
μg/mL), 5-FU (1.5625 μg/mL), and DHA (7.50 μg/mL)
plus 5-FU (1.5625 μg/mL) for 24 h, respectively; cP <
0.05 vs cells treated with various concentrations of DHA,
5-FU and DHA plus 5-FU for 24 h, respectively; dP < 0.05
vs cells treated with a series of concentrations of 5-FU
alone for 24 h; eP < 0.05 vs cells treated with a series of
concentrations of 5-FU alone for 48 h.
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A

B

C

D

Figure 2 Morphological changes in AGS cells treated with docosahexaenoic acid and 5-fluorouracil alone or in combination. AGS cells were treated with
medium only (control, A), docosahexaenoic acid (DHA) alone (30.00 μg/mL, B), 5-fluorouracil (5-FU) alone (12.50 μg/mL, C), or DHA plus 5-FU (30.00 μg/mL + 12.50
μg/mL, D) for 48 h. The cells were observed under an inverted-phase microscope. The photographs were taken at magnification × 200.

drugs, the major disadvantage of 5-FU is its high
[26]
toxicity and low therapeutic response . Therefore,
the development of new treatment modalities for
gastric cancer is urgently needed. The present study
investigated the therapeutic potential of DHA as
an adjuvant for 5-FU in gastric cancer. The present
results demonstrated that DHA worked synergistically
with 5-FU to inhibit the growth of gastric carcinoma
cells. As a result, the addition of DHA decreased the
effective concentration of 5-FU which could translate to
a decreased in vivo dose, thus mitigating the inherent
toxicity concerns.
Various studies have reported that DHA itself
exhibits therapeutic properties across a broad
spectrum of cancer cell lines. However, the effects
of DHA on gastric cancer are notably limited. Initial
research suggests that DHA has the potential to
suppress cancer cell proliferation and induce apoptosis
[17,27,28]
in cultured human gastric cancer cells
, but only
at markedly high concentrations of 100-150 μmol/L
(32.85-49.28 μg/mL) or 180-200 μmol/L (59.13-65.70
μg/mL). These concentrations were considerably
higher than those used in the present study. For typical
in vitro drug combination studies, it is necessary to
approximate the IC50 values for each compound to
[29]
estimate a working dose range . Therefore, in the
current study a series of concentrations of 5-FU and
DHA were first tested to determine their individual
IC50 values against AGS cells. The results showed
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that the IC50 values for 5-FU and DHA administered
in combination for 24 h dropped remarkably to 12.90
μg/mL and 34.17 μg/mL, respectively. As a result, the
optimal treatment concentrations for DHA and 5-FU
were determined to be 30.00 μg/mL and 12.50 μg/mL,
respectively, in different groups. Meanwhile, the results
also demonstrated that DHA decreased the IC50 value
for 5-FU by 3.56-2.15-fold. The findings indicate
DHA and 5-FU alone or in combination markedly
suppress the proliferation of AGS in both a time and
concentration-dependent manner. These results are
[18,19]
consistent with previous reports
. The combination
of two compounds was also found to be synergistic in
a statistically significant manner.
Cancer cells are often characterized by cell
cycle abnormalities which lead to the unregulated
proliferation. Various experimental studies have
[30]
reported that DHA itself could arrest melanoma cells
[31]
and colon cancer cell line Caco-2
in the S phase,
[32]
while FM3A mammary cancer cells
were arrested
in the G0/G1 phase. In the present study, cell cycle
analysis showed that treatment of the AGS cells with
DHA brought about an increase of the percentage of
cells in the G0/G1 phase with a concurrent decrease
of cells in the S phase. These findings accounted, at
least in part, for the negative effect DHA has on the
growth of gastric cancer cells. These observations
are consistent with findings from the human colon
[33]
adenocarcinoma cell line HT-29
and human
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co-administration. Docosahexaenoic acid (DHA) enhanced
5-fluorouracil (5-FU)-induced cell cycle arrest at G0/G1
phase in AGS cells. AGS cells were exposed to medium
only (control), DHA alone (30.00 μg/mL), 5-FU alone (12.5
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48 h. A: A representative set of results showing cell cycle
distribution in different groups; B: An accumulation of cells in
the G0/G1 phase and a decrease of cells in the S phase after
treatment with DHA or 5-FU, and a significant potentiation
in accumulation of cells in G0/G1 phase and reduction in
S phase after the combined treatment of 5-FU with DHA.
Data shown are a representative example of three separate
experiments with similar results. aP < 0.05 vs control cells in
the G0/G1 phase; bP < 0.05 vs control cells in the S phase;
c
P < 0.05 vs cells treated with DHA or 5-FU in the G0/G1
phase; dP < 0.05 vs cells treated with DHA or 5-FU in the S
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[34]

hepatocellular carcinoma cell lines . Our results from
the flow cytometric analysis of cells exposed to 5-FU
showed a marked reduction in the cells in S phase.
After the combined treatment of 5-FU with DHA the
specific G0/G1 phase accumulation was markedly
increased which strongly supports the ability of DHA to
enhance the effects of 5-FU. As a result, the cell cycle
arrest in G0/G1 phase was probably one of underlying
mechanisms of synergistic interactions between DHA
and 5-FU.
Mitochondria are the important site for cellular
energy metabolism. The mitochondrial inner
membrane contains the enzyme complexes of the
electron transport chain. These enzymes play a crucial
role in energy metabolism. The mitochondrial electron
transfer chain consists of five multiprotein complex,
NADH-ubiquinone oxidoreductase (complex Ⅰ ),
succinate-ubiquinone oxidoreductase (complex Ⅱ),
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ubiquinone-cytochrome C oxidoreductase (complex
Ⅲ ), cytochrome C oxidase (complex Ⅳ ) and ATP
synthase (complex Ⅴ). Among them, complexes Ⅰ and
Ⅱ are the major entry points for electron transfer, and
complex Ⅴ is the exit. Normal cells depend principally
on mitochondrial oxidative phosphorylation to produce
ATP for their metabolic activities. It has been hold that
the anaerobic glycolysis in cancer cell is due to a lasting
damage of mitochondrial oxidative phosphorylation
as suggested by Otto Warburg. However, at present
this opinion is challenged by recent studies which have
demonstrated that mitochondria are indeed functional
in most cancer cells and still chiefly contribute to the
[22-25]
ATP supply of cancer cells
. Research by Colquhoun
[35]
et al
had indicated that eicosapentaenoic acid,
one member of polyunsaturated fatty acid family,
could cause a significant decrease in the activity of
mitochondrial respiratory chain complexes Ⅰ, Ⅲ and
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Figure 4 Effect of docosahexaenoic acid and 5-fluorouracil alone and in combination on the expression of mitochondrial electron transfer chain
complexes in AGS cells. AGS cells were exposed to medium only (control), docosahexaenoic acid (DHA) alone (30.00 μg/mL), 5-fluorouracil (5-FU) alone (12.50
μg/mL), or DHA (30.00 μg/mL) plus 5-FU (12.50 μg/mL) for 24 and 48 h. The cells were harvested and subjected to Western blot analysis to detect expression of
mitochondrial electron transfer chain complexes I, Ⅱ and Ⅴ using specific antibodies for each protein. A-D: Incubation of the cells with DHA or 5-FU for 24 and 48 h
resulted in a significant decrease in the expression of complexes I, Ⅱ and Ⅴ as compared with control cells; the combination of DHA with 5-FU exhibited a significant
decrease in the expression of complexes I, Ⅱ and Ⅴ in contrast to DHA and 5-FU group. The results presented are the mean ± SEM of at least three independent
experiments. aP < 0.05 vs control cells; bP < 0.05 vs cells treated with DHA and 5-FU alone for 24 h, respectively; cP < 0.05 vs cells treated with DHA and 5-FU alone
for 48 h, respectively.
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Ⅳ in the Walker 256 rat carcinosarcoma in vitro. This
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Abstract
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AIM: To investigate prevalence and risk factors for
colorectal neoplasms in adults aged < 50 years, for
whom screening is not recommended.

Informed consent statement: The Institutional Reviewer
Board exempted the requirement for informed consent because
we assessed on de-identified data retrospectively.

METHODS: This cross-sectional study compared
prevalence and characteristics of colorectal and
advanced adenomas in patients aged < 50 years who
underwent colonoscopy screening with subjects aged
≥ 50 years. To evaluate risk factors for colorectal
and advanced adenoma in young adults, we used
multivariable logistic regression models. Colorectal
neoplasm characteristics were evaluated and compared
with those in older patients.
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RESULTS: Among 2819 patients included, prevalences
of colorectal adenoma and advanced adenoma
were 19.7% and 1.5%, respectively. As patient
age increased, so did the prevalence of colorectal
neoplasm. However, prevalence of advanced adenoma
did not differ between age-groups 45-49 years and
≥ 50 years (OR = 0.43, 95%CI: 0.17-1.07, p =
0.070). In younger age-group (< 50 years), colorectal
adenoma was significantly associated with older age,
waist circumference (OR = 1.72, 95%CI: 1.15-2.55, p
= 0.008), and current smoking (OR = 1.60, 95%CI:
1.07-2.41, p = 0.023). Alcohol consumption was
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an independent risk factor for colorectal advanced
adenoma (OR = 3.69, 95%CI: 1.08-12.54, p = 0.037).
Multiple neoplasms and large neoplasms (≥ 1 cm)
were more prevalent in subjects ≥ 50 years.

the prevalence of advanced colorectal adenoma is still
[15]
significant: 3.5% in patients aged < 50 years . These
epidemiological data imply that it may be necessary
to modify strategies for CRC screening programs. It
has been well documented that most CRCs arise from
colorectal adenoma by a process referred to as the
[18,19]
“adenoma-carcinoma sequence”
. Identifying the
characteristics and risk factors for colorectal adenoma
and advanced neoplasms in the population aged < 50
years may help in the development of new preventive
and early detection strategies.
The aim of this study was to investigate the
characteristics of colorectal neoplasm, including
prevalence and risk factors, in subjects < 50 years
old (young age group), and to compare them with
subjects ≥ 50 years old (old age group) within a
screening population.

CONCLUSION: Current screening strategies for
colorectal cancer may need to be amended to account
for patient age, especially in young subjects with
abdominal obesity, current smoking and alcohol
consumption.
Key words: Colorectal adenoma; Advanced adenoma;
Colorectal cancer; Cancer screening; Young patients
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated prevalence and risk factors
for colorectal neoplasms in adults aged < 50 years.
The study demonstrated that, in terms of advanced
adenoma, the groups aged < 40 years and 40-44
years showed significantly lower risk compared with
the group aged ≥ 50 years. However, no significant
difference was found between the age-groups 45-49
years and ≥ 50 years. In the young age-group,
age, waist circumference, and current smoking were
associated with a higher risk of colorectal adenoma,
and alcohol consumption was associated with a higher
risk of advanced adenoma.

MATERIALS AND METHODS
Study population and design

This was a cross-sectional, retrospective study
that reviewed the medical records of subjects who
underwent colonoscopy as a part of routine health
checkups from January 2012 to June 2014 at Dongguk
University Ilsan Hospital Medical Screening Center
(Goyang, South Korea). We reviewed all the subjects
who received a colonoscopy, filled out the question
naire, were physically examined, and had various blood
tests during the screening period. We excluded subjects
who met the following exclusion criteria: significant
missing information, incomplete examination due to
poor bowel preparation or cecal intubation failure,
colonic examination in the previous 10 years, and
history of colonic diseases (e.g., CRC, inflammatory
bowel disease, bowel resection). Most subjects paid
for the health examination themselves; employers
covered the remaining costs. We divided the enrolled
subjects into 4 groups according to age: < 40 years,
40-44 years, 45-49 years, and ≥ 50 years. The study
design was approved by the Institutional Review Board
of Dongguk University Ilsan Hospital.

Lee SE, Jo HB, Kwack WG, Jeong YJ, Yoon YJ, Kang HW.
Characteristics of and risk factors for colorectal neoplasms in
young adults in a screening population. World J Gastroenterol
2016; 22(10): 2981-2992 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i10/2981.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i10.2981

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer and the second leading cause of cancer[1,2]
related mortality in North America . In addition, the
incidence of colorectal neoplasm is increasing in Asia,
[3,4]
including South Korea . Fortunately, CRC screening
has demonstrated ability to reduce the incidence
[5-8]
of CRC and CRC-related mortality
. Thus, many
countries have adopted screening strategies that
accord with their particular medical and socioeconomic
environment.
Influential guidelines, including those in the United
States and Europe, recommend screening for CRC
[9-12]
beginning at age 50 years for average-risk patients
.
These recommendations are based on the fact that
[13,14]
CRC occurs infrequently before age 50
. However,
in the past decades, the incidence of CRC in young
adults has been increasing, in contrast to cases in older
[15-17]
adults, which have been decreasing
. Furthermore,

WJG|www.wjgnet.com

Clinical and laboratory evaluations

All participants were required to fill out self-administered
questionnaires, which included questions about smoking
status (current, former, never), alcohol consumption,
physical activity, family history of CRC in first-degree
relatives, medical history of diabetes, hypertension, and
use of aspirin. The patients’ height and weight were
obtained by a trained nurse. Body mass index (BMI)
was calculated as weight divided by height squared
2
(kg/m ). As recommended, waist circumference (WC)
was measured at the midpoint between the lower
margin of the last palpable rib and the top of the iliac
[20]
crest . Venous samples were drawn after an overnight
12-h fast to determine serum complete cell counts, total
cholesterol, triglycerides, high-density lipoprotein (HDL)
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cholesterol, low-density lipoprotein (LDL) cholesterol,
high-sensitivity C-reactive protein (hsCRP), and fasting
glucose. All other biochemical tests were carried out
®
using an automatic analyzer (cobas 6500 model,
Roche, Basel, Switzerland) within the Department
of Laboratory Medicine at Dongguk University Ilsan
Hospital, which is accredited by the Korean Society
for Laboratory Medicine and the Korean Association of
Quality Assurance.

years, and ≥ 50 years. In addition to age-group,
other independent variables evaluated included sex,
smoking status, hypertension, diabetes mellitus, BMI,
WC, cholesterol parameters, and hsCRP. In order to
compare the patients’ baseline characteristics, oneway analysis of variance was used for continuous
variables, and the linear-by-linear association test was
used for categorical variables.
Risk factors for adenoma and advanced colorectal
neoplasm in young subjects were determined by
performing univariate analysis for each variable
separately; then, multivariate analysis was done using
multivariate conditional logistic regression. In conducting
our univariate analysis, we used Student’s t test for
2
continuous variables and the χ test for categorical
variables. About colorectal adenoma and advanced
adenoma, variables with a p value < 0.05 in the
univariate analysis were added to the multivariate
conditional logistic regression model. ORs and 95%CIs
were calculated to evaluate each risk factor. A p value
of < 0.05 was considered statistically significant. We
also conducted hierarchical cluster analysis to find the
surge point of age for prevalences of colorectal adenoma
and advanced adenoma. All analyses were conducted
using SPSS software version 20.0 for Windows (SPSS,
Chicago, IL, United States).

Definitions

Current smoking was defined as smoking regularly or
some days during the previous 1 year; former smoking
was defined as no smoking at all during the previous
[21]
1 year . Alcohol consumption was defined as
drinking > 140 g alcohol per week. Hypertension was
defined as blood pressure ≥ 140/90 mmHg; diabetes
mellitus was defined as a fasting plasma glucose
concentration of ≥ 126 mg/dl. Subjects taking antihypertensive or anti-diabetic drugs were considered
to have hypertension or diabetes mellitus. Regular
medication was defined as drug use for ≥ 3 mo during
the preceding 12 mo. Individuals were diagnosed as
having metabolic syndrome by the presence of ≥ 3
[22]
of the following criteria : (1) WC ≥ 90 cm in men
and ≥ 80 cm in women; (2) blood pressure ≥ 130/85
mmHg; (3) fasting plasma glucose ≥ 110 mg/dl;
(4) triglyceride levels ≥ 150 mg/dl; and (5) HDL
cholesterol < 40 mg/dl for men and < 50 mg/dl for
women.

RESULTS
Baseline characteristics of the study subjects

A total of 4668 patients underwent colonoscopy. All
participants were requested to fill out the questionnaire
and undergo physical examination and various
blood tests during the review period. Among the
4668 patients, 1849 met the exclusion criteria. After
exclusion, the final sample size was 2819 participants
(Figure 1), among whom the prevalence of colorectal
adenoma and advanced adenoma was 19.7% and
1.5%, respectively. The baseline characteristics of
subjects categorized as < 40 years, 40-44 years,
45-49 years, and ≥ 50 years are summarized in Table
1. No statistically significant difference was found
between the groups in terms of sex. The prevalence
of hypertension, diabetes mellitus, and metabolic
syndrome increased with age, and the presence of
alcohol consumption and smoking decreased with age.
Subjects in the age-group ≥ 50 years had higher mean
BMI, WC, triglyceride levels, hsCRP, total cholesterol,
and LDL cholesterol levels, but lower HDL cholesterol
levels. In hierarchial cluster analysis, the age groups
were divided in two groups for colorectal adenoma
(age < 46 or age ≥ 46) (Figure 2A) and for advanced
adenoma (age < 49 or age ≥ 49), respectively (Figure
2B).

Colonoscopy and detection of colorectal adenoma

Colonoscopy was performed using a model H260
flexible endoscope (Olympus Optical, Tokyo, Japan)
by 6 experienced gastroenterologists who had
gastroenterology and endoscopy specialty board
certifications. Bowel preparation was conducted using
®
2 L of polyethylene glycol with ascorbate (Coolprep ;
TaeJoon Pharmaceuticals, Seoul, South Korea). Most
subjects were consciously sedated with midazolam and
pethidine. The location, size, number, and type of all
adenomatous polyps were recorded. The locations of
colorectal adenomas were categorized as either within
the proximal colon (i.e., the cecum, ascending colon,
or transverse colon) or within the distal colon (i.e.,
the splenic flexure, descending colon, sigmoid colon,
or rectum). Polyp sizes were estimated using 7-mm
diameter open-biopsy forceps. Histopathologically,
colorectal adenomas were categorized either by
grade or by amount of villous component (tubular,
tubulovillous, or villous; serrated polyps/adenoma). An
advanced adenoma was defined as advanced if it had
a diameter ≥ 10 mm, high-grade dysplasia, or ≥ 25%
villous features. Hyperplastic polyps were excluded.

Risk factors for colorectal adenoma and advanced
adenoma

Statistical analysis

To evaluate the relationship between age and
colorectal neoplasms, subjects were categorized
into 4 age-groups: < 40 years, 40-44 years, 45-49
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We examined the risk factors for colorectal adenoma
and advanced adenoma. After performing a univariate
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4668 subject
Who underwent colonoscopy
Exclusion criteria:
Significant missing information
Poor bowel preparation
Cecal intubation failure
Colonic examination in the previous 10 yr
History of colonic diseases
2819 subjects

Age < 40 yr
694

40 yr ≤ Age < 45 yr
591

45 yr ≤ Age < 50 yr
491

50 yr ≤ Age
1043

Figure 1 Study population. In total, 4668 subjects who underwent screening colonoscopy were reviewed during study period. 1849 subjects were excluded for the
reasons stated in the Methods section. The remaining 2819 subjects were enrolled and divided to 4 groups according to age (< 40 years, 40-44 years, 45-49 years,
and ≥ 50 years).

Table 1 Baseline characteristics of the subjects according to age n (%)
Variable

P value

Age group

Males
Body mass index (kg/m2)
Waist circumference (cm)
Diabetes mellitus
Hypertension
Metabolic syndrome
High hsCRP
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Total cholesterol (mg/dL)
Alcohol consumption
Smoking status
Never
Former
Current
Colorectal adenoma
Advanced neoplasm
≥ 1 cm
Villous
High grade
Multiplicity

< 40 (n = 694)

40-44 (n = 591)

45-49 (n = 491)

≥ 50 (n = 1043)

465 (67.0)
23.1 ± 3.3
81.5 ± 10.3
17 (2.4)
89 (12.8)
48 (6.9)
54 (7.8)
116.0 ± 91.2
58.7 ± 15.1
132.0 ± 50.3
202.1 ± 37.5
272 (39.2)

443 (75.0)
23.8 ± 3.3
82.9 ± 9.5
21 (3.6)
146 (24.7)
67 (11.3)
55 (9.3)
125.4 ± 85.3
57.5 ± 14.7
136.6 ± 34.1
208.0 ± 36.0
263 (44.5)

363 (73.9)
24.0 ± 3.0
83.7 ± 8.8
33 (6.7)
155 (31.6)
77 (15.7)
41 (8.4)
130.2 ± 90.2
56.3 ± 14.6
139.5 ± 36.8
210.8 ± 41.6
235 (47.9)

717 (68.7)
24.0 ± 3.0
84.1 ± 8.7
130 (12.5)
462 (44.3)
226 (21.7)
131 (12.6)
123.8 ± 83.6
56.7 ± 15.1
137.4 ± 35.1
208.2 ± 39.4
348 (33.4)

0.790
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.001
0.039
0.018
0.006
0.001
0.005

312 (45.0)
134 (19.3)
248 (35.7)
61 (8.8)
6 (0.9)
5 (0.7)
1 (0.1)
0 (0.0)
8 (1.2)

212 (35.9)
136 (23.0)
243 (41.1)
87 (14.7)
4 (0.7)
3 (0.5)
1 (0.2)
1 (0.2)
18 (3.0)

181 (36.9)
131 (26.7)
179 (36.5)
105 (21.4)
6 (1.2)
5 (1.0)
1 (0.2)
1 (0.2)
33 (6.7)

449 (43.0)
366 (35.1)
228 (21.9)
302 (29.0)
26 (2.5)
24 (2.3)
7 (0.7)
4 (0.4)
121 (11.6)

< 0.001

< 0.001
0.004
0.001
0.055
0.091
< 0.001

hsCRP: High-sensitivity C-reactive protein; HDL: High-density lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol.

analysis, older age, male sex, alcohol consumption,
smoking, BMI, WC, diabetes mellitus, hypertension
and metabolic syndrome, hsCRP, triglyceride level,
and total cholesterol were significantly associated
with an increased risk of colorectal adenoma. To
determine whether age independently increased the
risk of colorectal adenoma, multivariate analysis was
performed, following which age remained a statistically
significant risk factor (Table 2). In addition to age,
male sex (OR = 1.88, 95%CI: 1.35-2.61, p < 0.001),
WC (OR = 1.50, 95%CI: 1.14-4.97, p = 0.004), and
current smoking (OR = 1.56, 95%CI: 1.16-2.10, p
= 0.003) were significant risk factors for colorectal

WJG|www.wjgnet.com

adenoma (Table 2).
For advanced colorectal adenoma, univariate
analysis and subsequent multivariate analysis were
done in the same manner. Patients aged < 40 years
(OR = 0.34, 95%CI: 0.13-0.85, p = 0.022) and 40-44
years (OR = 0.24, 95%CI: 0.08-0.71, p = 0.010)
showed significantly lower risk for advanced adenoma
compared with those aged ≥ 50 years. However, the
group aged 45-49 years had no significant difference
with the group aged ≥ 50 years (OR = 0.43, 95%CI:
0.17-1.07, p = 0.070). According to multivariate
analysis, alcohol consumption was a significant risk
factor for advanced adenoma (OR = 2.39, 95%CI:
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Table 2 Risk factors of colorectal adenoma in this study population n (%)
Variable

Number of persons

Males
Age (yr)
≥ 50
45-49
40-44
< 40
Body mass index (kg/m2)
mean ± SD
< 25
25.0-29.9
≥ 30
Waist circumference (cm)
mean ± SD
Male < 90, female < 80
Male ≥ 90, female ≥ 80
Diabetes mellitus
Hypertension
Metabolic syndrome
hsCRP
< 0.10
≥ 0.10
Triglyceride (mg/dL)
mean ± SD
< 150
≥ 150
HDL cholesterol (mg/dL)
mean ± SD
Male < 40, female < 50
Male ≥ 40, female ≥ 50
LDL cholesterol (mg/dL)
mean ± SD
≤ 100
101-129
≥ 130
Total cholesterol (mg/dL)
mean ± SD
< 200
≥ 200
Current alcohol
Smoking status
Never
Former
Current

Univariate analysis

Multivariate analysis

1

OR (95%CI)

P value

OR (95%CI)

P value

458 (82.5)

2.27 (1.79-2.87)

< 0.001

1.88 (1.35-2.61)

< 0.001

741 (32.7)
386 (17.0)
504 (22.3)
633 (28.0)

302 (54.4)
105 (18.9)
87 (15.7)
61 (11.0)

1
0.67 (0.52-0.86)
0.42 (0.33-0.55)
0.24 (0.18-0.32)

< 0.001

1
0.64 (0.49-0.84)
0.40 (0.30-0.53)
0.25 (0.18-0.34)

0.001
< 0.001
< 0.001

23.6 ± 3.2
1468 (64.8)
624 (27.6)
76 (3.4)

24.4 ± 3.0
321 (57.8)
203 (36.6)
18 (3.2)

1
1.52 (1.25-1.86)
1.11 (0.65-1.88)

< 0.001

1
0.94 (0.72-1.23)
0.68 (0.37-1.24)

0.644
0.204

82.6 ± 9.4
1658 (73.2)
606 (6.8)
144 (6.4)
623 (27.5)
308 (13.6)

85.5 ± 8.7
353 (63.6)
202 (36.4)
57 (10.3)
229 (41.3)
110 (19.8)

1
1.57 (1.28-1.91)
1.69 (1.22-2.33)
1.85 (1.53-2.24)
1.57 (1.23-2.00)

< 0.001

1
1.50 (1.14-1.97)
1.12 (0.79-1.57)
1.27 (0.96-1.67)
0.86 (0.59-1.26)

0.004
0.533
0.095
0.445

1
1.25 (1.04-1.51)

0.020

1
1.05 (0.82-1.34)

0.725

1
1.15 (0.92-1.45)

0.227

1
1.09 (0.89-1.34)
0.93 (0.75-1.16)

0.390
0.513

1
1.21 (0.90-1.63)
1.56 (1.16-2.10)

0.215
0.003

Non-adenoma

Adenoma

(n = 2264)

(n = 555)

1530 (67.6)

0.001
< 0.001
< 0.001

119.7 ± 85.8
1742 (76.9)
522 (23.1)

138.1 ± 91.0
376 (67.7)
179 (32.3)

1
1.59 (1.30-1.95)

< 0.001

57.9 ± 15.0
277 (12.2)
1987 (87.8)

54.9 ± 14.6
77 (13.9)
478 (86.1)

1
0.87 (0.66-1.14)

0.296

135.7 ± 40.3
354 (15.6)
699 (30.9)
1211 (53.5)

138.5 ± 36.1
76 (13.7)
152 (27.4)
327 (58.9)

1
1.01 (0.75-1.37)
1.26 (0.95-1.66)

0.070

206.7 ± 38.5
1033 (45.6)
1231 (54.4)
871 (38.5)

209.0 ± 40.0
226 (40.7)
329 (59.3)
247 (44.5)

1
1.22 (1.01-1.48)
1.28 (1.06-1.55)

0.037

994 (43.9)
584 (25.8)
68 (30.3)

160 (28.8)
18 (33.0)
21(38.2)

1
1.90 (1.54-2.46)
1.90 (1.53-2.41)

< 0.001

0.009

1

Adjusted for sex, age, body mass index, waist circumference, diabetes mellitus, hypertension, metabolic syndrome, hsCRP, triglyceride, alcohol, and
smoking. hsCRP: High-sensitivity C-reactive protein; HDL: High-density lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol.

1.14-4.99, p = 0.021) (Table 3).

current smoking (OR = 1.60, 95%CI: 1.07-2.41, p =
0.023) were independent, significant risk factors (Table
4). Risk factors for colorectal advanced adenoma
in young subjects were analyzed using the same
method. Alcohol consumption was found to be the only
significant risk factor in the younger age-groups (OR =
3.69, 95%CI: 1.08-12.54, p = 0.037) (Table 5).

Risk factors for colorectal adenoma and advanced
adenoma in young subjects

We also examined risk factors for colorectal adenoma
and advanced adenoma in young subjects. In
univariate analysis, older age, male sex, alcohol
consumption, smoking, BMI, WC, diabetes mellitus,
hypertension, metabolic syndrome, triglyceride levels,
and total cholesterol were significant risk factors
for colorectal adenoma in young subjects. After
performing multivariate analysis, increasing age, WC
(OR = 1.72, 95%CI: 1.15-2.55, p = 0.008), and
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Comparison of adenoma characteristics by patient age

We further compared the characteristics of colorectal
adenoma in the young and the old age-groups. Villous
adenomas, high-grade adenoma, and large (> 1 cm)
adenomas were more prevalent in subjects aged ≥ 50
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Table 3 Risk factors of colorectal advanced adenoma in this study population n (%)
Variable

Number of persons

Males
Age (yr)
≥ 50
45-49
40-44
< 40
Body mass index (kg/m2)
mean ± SD
< 25
25.0-29.9
≥ 30
Waist circumference (cm)
mean ± SD
Male < 90, female < 80
Male ≥ 90, female ≥ 80
Diabetes mellitus
Hypertension
Metabolic syndrome
hsCRP (mg/dL)
< 0.10
≥ 0.10
Triglyceride (mg/dL)
mean ± SD
< 150
≥ 150
HDL cholesterol (mg/dL)
mean ± SD
Male < 40, female < 50
Male ≥ 40, female ≥ 50
LDL cholesterol (mg/dL)
mean ± SD
≤ 100
101-129
≥ 130
Total cholesterol (mg/dL)
mean ± SD
< 200
≥ 200
Current alcohol
Smoking status
Never
Former
Current

Univariate analysis

Multivariate analysis

1

OR (95%CI)

P value

OR (95%CI)

P value

33 (80.5)

1.74 (0.80-3.78)

0.159

0.80 (0.27-2.43)

0.697

1018 (36.6)
485 (17.5)
587 (21.1)
688 (24.8)

25 (61.0)
6 (14.6)
4 (9.8)
6 (14.6)

1
0.50 (0.21-1.24)
0.28 (0.10-0.80)
0.36 (0.15-0.87)

0.003

1
0.43 (0.17-1.07)
0.24 (0.08-0.71)
0.34 (0.13-0.85)

0.070
0.010
0.022

23.7 ± 3.1
1764 (63.5)
814 (29.3)
92 (3.3)

24.5 ± 3.0
25 (61.0)
13 (31.7)
2 (4.9)

1
1.15 (0.59-2.25)
1.57 (0.37-6.70)

0.518

83.1 ± 9.4
1985 (71.5)
793 (28.5)
196 (7.1)
835 (30.1)
409 (14.7)

85.9 ± 7.1
26 (63.4)
15 (36.6)
5 (12.2)
17 (41.5)
9 (22.0)

1
1.44 (0.76-2.74)
1.83 (0.71-4.72)
1.65 (0.88-3.08)
1.63 (0.77-3.44)

0.258

1.03 (0.45-2.38)
1.06 (0.40-2.80)

0.947
0.907

1747 (62.9)
1031 (37.1)

24 (58.5)
17 (41.5)

1
1.20 (0.64-2.25)

0.567

123.1 ± 87.3
2091 (75.3)
687 (24.7)

136.8 ± 75.3
27 (65.9)
14 (34.1)

1
1.58 (0.82-3.03)

0.166

1
1.23 (0.62-2.45)

0.555

57.3 ± 15.0
348 (12.5)
2430 (87.5)

56.2 ± 15.7
6 (14.6)
35 (85.4)

1
0.84 (0.35-2.00)

0.686

136.3 ± 39.4
423 (15.2)
840 (30.2)
1515 (54.5)

137.2 ± 46.3
7 (17.1)
11 (26.8)
23 (56.1)

1
0.79 (0.31-2.06)
0.92 (0.39-2.15)

0.876

207.1 ± 38.5
1240 (44.6)
1538 (55.4)
1093 (39.3)

208.7 ± 52.1
19 (46.3)
22 (53.7)
25 (61.0)

1
0.93 (0.50-1.73)
2.41 (1.28-4.53)

0.827
0.005

2.39 (1.14-4.99)

0.021

1143 (41.1)
753 (27.1)
882 (31.7)

11 (26.8)
14 (34.1)
16 (39.0)

1
1.93 (0.87-4.28)
1.89 (0.87-4.08)

0.106

1
1.40 (0.50-3.92)
1.61 (0.58-4.45)

0.516
0.363

Non-advanced adenoma

Advanced adenoma

(n = 2778)

(n = 41)

1955 (70.4)

0.204
0.114
0.196

1

Adjusted for sex, age, hypertension, metabolic syndrome, triglyceride, alcohol, and smoking. hsCRP: High-sensitivity C-reactive protein; HDL: Highdensity lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol.

years, but no statistically significant differences were
found between the 2 groups. For continuous variables,
the number of adenomas was higher in the old agegroup (1.82 ± 1.39 vs 1.31 ± 0.66, p < 0.001); for
categorical variables, multiplicity was significantly
predominant in subjects aged ≥ 50 years (40.1%
vs 23.3%, p < 0.001). The prevalence of right-sided
adenomas was higher in the old age-group, but there
was no significant difference compared with the young
age-group (51.7% vs 44.3%, p = 0.083) (Table 6).

prevalence of sessile serrated adenoma/polyp (SSA/
P) was more prevalent in subjects aged ≥ 50 years
(2.1% vs 5.5%, p < 0.001). In subjects who had SSA/
SSP, we further analyzed whether the number and
location was associated with age or not. There were no
differences between 2 groups in terms of the number
and location (Table 7).

DISCUSSION
This population-based study showed no significant
difference in the prevalence of advanced colorectal
adenoma between the age-groups 45-49 years and
≥ 50 years. The incidence of colorectal neoplasm in

Comparison of sessile serrated adenoma/polyp
characteristics by patient age

We also evaluated relationship between age and the

WJG|www.wjgnet.com
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Table 4 Risk factors for colorectal adenoma in young subjects n (%)
Variable

Number of persons

Males
Age (yr)
45-49
40-44
< 40
Body mass index (kg/m2)
mean ± SD
18.5-24.9
25.0-29.9
≥ 30
Waist circumference (cm)
mean ± SD
Male < 90, female < 80
Male ≥ 90, female ≥ 80
Diabetes mellitus
Hypertension
Metabolic syndrome
hsCRP (mg/dL)
< 0.10
≥ 0.10
Triglyceride (mg/dL)
mean ± SD
< 150
≥ 150
HDL cholesterol (mg/dL)
mean ± SD
Male < 40, female < 50
Male ≥ 40, female ≥ 50
LDL cholesterol (mg/dL)
mean ± SD
≤ 100
101-129
≥ 130
Total cholesterol (mg/dL)
mean ± SD
< 200
≥ 200
Current alcohol
Smoking status
Never
Former
Current

Univariate analysis

Multivariate analysis

1

OR (95%CI)

P value

OR (95%CI)

P value

211 (83.4)

2.19 (1.55-3.11)

< 0.001

1.43 (0.89-2.28)

0.136

386 (25.3)
504 (33.1)
633 (41.6)

105 (41.5)
87 (34.4)
61 (24.1)

1
0.64 (0.46-0.87)
0.35 (0.25-0.50)

< 0.001

1
0.64 (0.46-0.88)
0.39 (0.28-0.56)

0.006
< 0.001

23.5 ± 3.2
993 (65.2)
402 (26.4)
55 (3.6)

24.4 ± 3.1
144 (56.9)
94 (37.2)
9 (3.6)

1
1.66 (1.25-2.20)
1.16 (0.56-2.40)

0.002

1
0.90 (0.61-1.33)
0.55 (0.24-1.27)

0.599
0.161

82.1 ± 9.7
1161 (76.2)
362 (23.8)
55 (3.6)
309 (20.3)
154 (10.1)
128 (8.4)
1004 (65.9)
519 (34.1)

85.2 ± 9.3
164 (64.8)
89 (35.2)
16 (6.3)
81 (32.0)
38 (15.0)
22 (8.7)
156 (61.7)
97 (38.3)

1
1.72 (1.15-2.55)
1.29 (0.71-2.35)
1.36 (0.92-2.02)
0.88 (0.53-1.46)

0.008
0.403
0.127
0.612

119.2 ± 86.4
1168 (76.7)
355 (23.3)

1
1.18 (0.85-1.63)

0.330

1
1.08 (0.81-1.44)
1.04 (0.77-1.40)

0.595
0.806

1
1.23 (0.79 -1.93)
1.60 (1.07-2.41)

0.359
0.023

Non-adenoma

Adenoma

(n = 1523)

(n = 253)

1060 (69.6)

< 0.001
1.74 (1.31-2.31)
1.80 (1.02-3.20)
1.85 (1.38-2.48)
1.57 (1.07-2.30)

0.041
< 0.001
0.020

1
1.20 (0.91-1.58)

0.187

146.2 ± 101.3
165 (65.2)
88 (34.8)

1
1.76 (1.32-2.33)

< 0.001

58.0 ± 14.8
162 (10.6)
1361 (89.4)

55.4 ± 15.4
30 (11.9)
223 (88.1)

1
0.89 (0.59-1.34)

0.563

135.1 ± 43.0
244 (16.0)
493 (32.4)
786 (51.6)

138.7 ± 36.8
38 (15.0)
67 (26.5)
148 (58.5)

1
0.87 (0.57-1.34)
1.21 (0.82-1.78)

0.106

205.8 ± 38.1
715 (46.9)
808 (53.1)
637 (41.8)

210.9 ± 39.6
100 (39.5)
153 (60.5)
133 (52.6)

1
1.35 (1.03-1.78)
1.54 (1.18-2.01)

0.028

639 (42.0)
339 (22.3)
545 (35.8)

66 (26.1)
62 (24.5)
125 (49.4)

1
1.77 (1.22-2.57)
2.22 (1.61-3.06)

< 0001

0.001

1

Adjusted for sex, age, body mass index, waist circumference, diabetes mellitus, hypertension, metabolic syndrome, triglyceride, total cholesterol, alcohol,
and smoking. hsCRP: High-sensitivity C-reactive protein; HDL: High-density lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol.

[15-17]

young adults is increasing
, but beginning CRC
screening at age 50 was established as a guideline
in the remote past. CRC in younger adults has been
reported to differ from that found in older adults
in several respects. For example, CRC in younger
adults often takes a more aggressive, advanced form
[16]
than in older adults . Another implication of the
patient’s age is that if CRC has the same stage and
clinical features, younger adults may be reluctant to
select chemotherapy and radiation because of their
[16]
negative effects on fertility . Therefore, the ability
to detect premalignant lesions, such as adenoma and
advanced adenoma, is important even in patients
aged < 50 years. However, in order to do so, risk

WJG|www.wjgnet.com

factors for colorectal neoplasms in young adults must
be ascertained. Our study showed that age, WC, and
current smoker status were independent risk factors
for colorectal adenoma in young adults, and alcohol
consumption was a risk factor for advanced colorectal
adenoma in young adults. A previous study has
argued that often, CRC diagnosis is delayed in younger
adults because physicians, as well as patients, do not
[16]
attribute the symptoms to cancer in this age-group .
If risk factors could be confidently established by
future studies, then physicians could decide whether to
proceed with further workup or observation and followup of young adults who present to the clinic with
discomfort.
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Table 5 Risk factors of colorectal advanced adenoma in young subjects n (%)
Variable

Number of persons

Males
Age (yr)
45-49
40-44
< 40
Body mass index (kg/m2)
mean ± SD
< 25
25.0-29.9
≥ 30
Waist circumference (cm)
mean ± SD
Male < 90, female < 80
Male ≥ 90, female ≥ 80
Diabetes mellitus
Hypertension
Metabolic syndrome
High hsCRP
mean ± SD
< 0.10
≥ 0.10
Triglyceride (mg/dL)
mean ± SD
< 150
≥ 150
HDL cholesterol (mg/dL)
mean ± SD
Male < 40, female < 50
Male ≥ 40, female ≥ 50
LDL cholesterol (mg/dL)
mean ± SD
≤ 100
101-129
≥ 130
Total cholesterol (mg/dL)
mean ± SD
< 200
≥ 200
Current alcohol
Smoking status
Never
Former
Current

Univariate analysis
OR (95%CI)

P value

13 (81.3)

1.73 (0.49-6.09)

0.388

485 (27.6)
587 (33.4)
688 (39.1)

6 (37.5)
4 (25.0)
6 (37.5)

1
0.55 (0.16-1.96)
0.71 (0.23-2.20)

0.570

23.6 ± 3.2
79 (4.5)
492 (28.0)
63 (3.6)

24.8 ± 2.8
0 (0.0)
4 (25.0)
1 (6.3)

1
1.66 (1.25-2.20)
1.16 (0.56-2.40)

0.862

82.5 ± 9.7
1313 (74.6)
447 (25.4)
70 (4.0)
388 (22.0)
191 (10.9)

86.1 ± 6.6
12 (75.0)
4 (25.0)
1 (6.3)
2 (12.5)
1 (6.3)

1
0.98 (0.31-3.05)
1.61 (0.21-12.36)
0.51 (0.11-2.23)
0.55 (0.07-4.17)

0.971

148 (8.4)
1149 (65.3)
611 (34.7)

2 (12.5)
11 (68.8)
5 (31.3)

1
0.86 (0.30-2.47)

0.772

123.0 ± 89.3
1321 (75.1)
439 (24.9)

121.1 ± 72.3
12 (75.0)
4 (25.0)

1
1.00 (0.32-3.13)

0.996

57.6 ± 14.8
191 (10.9)
1569 (89.1)

60.1 ± 19.3
1 (6.3)
15 (93.8)

1
1.83 (0.24-13.90)

0.555

135.5 ± 41.9
278 (15.8)
559 (31.8)
923 (52.4)

139.1 ± 43.9
4 (25.0)
1 (6.3)
11 (68.8)

1
0.12 (0.01-1.12)
0.83 (0.26-2.62)

0.703

206.4 ± 38.3
810 (46.0)
950 (54.0)
758 (43.1)

214.1 ± 41.3
5 (31.3)
11 (68.8)
12 (75.0)

1
1.88 (0.65-5.42)
3.97 (1.27-12.34)

0.238

701 (39.8)
398 (22.6)
661 (37.6)

4 (25.0)
3 (18.8)
9 (56.3)

1
1.32 (0.29-5.93)
2.39 (0.73-7.79)

Non-advanced adenoma

Advanced adenoma

(n = 1760)

(n = 16)

1258 (71.5)

Multivariate analysis

1

OR (95%CI)

P value

0.010

3.69 (1.08-12.54)

0.037

0.129

1
0.81 (0.17-3.86)
1.38 (0.39-4.93)

0.789
0.620

0.644
0.359
0.555

1

Adjusted for alcohol and smoking. hsCRP: High-sensitivity C-reactive protein; HDL: High-density lipoprotein cholesterol; LDL: Low-density lipoprotein
cholesterol.

In comparison with young age-group, age, male
sex, WC, current smoker were independent risk
factors for colorectal adenoma in overall age-group;
age, alcohol consumption were for advanced colorectal
adenoma. Prior studies reported that age, male sex,
WC, and smoking were independent risk factors for
[23-27]
colorectal neoplasm
, findings that are consistent
with our study. Even in young age-group, similar risk
factors were elicited, though two differences were
found between the young age-group and the overall
age-group. First, male sex increased the risk of
colorectal adenoma in the groups overall, but not in
the young age-group. Recent studies have suggested
that the tumor-promoting effect of testosterone could

WJG|www.wjgnet.com

explain why men are at higher risk for developing
[28]
colorectal adenomas . Testosterone levels in men
are at their highest in early adulthood and decline
about 1 percent per year after age 30. Therefore we
can anticipate the male sex may be an important risk
factor in young age group. However, our data did not
show this association. The duration of exposure to
this hormone also may be important in tumorigenesis.
Another recent study that evaluated risk factors for
colorectal neoplasm stratified by age showed that
male sex was an independent risk factor for colorectal
adenoma in each age-group, but the OR for male
sex was lower in the group aged 30-39 years than
[29]
in the group aged 40-49 years . These results are
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A

Table 6 Comparison of neoplasm characteristics between
young and old subjects n (%)

46
100.0
90.0

Number
Multiple
Rt. side location
Advanced neoplasm
Villous or
tubulovillous
High grade
Size > 1 cm

P value

Age group
Young age group, Old age group, ≥
< 50 (n = 253)
50 (n = 302)
1.31 ± 0.66
59 (23.3)
112 (44.3)
16 (6.3)
3 (1.2)

1.82 ± 1.39
121 (40.1)
156 (51.7)
25 (8.3)
7 (2.3)

2 (0.8)
13 (5.1)

4 (1.3)
24 (7.9)

Prevalence of colorectal adenoma (%)

Characteristics of
adenoma

< 0.001
< 0.001
0.083
0.381
0.318
0.545
0.187

Table 7 Comparison of sessile serrated adenoma/polyp
characteristics between young and old subjects n (%)

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

Age group

P value

20

40

SSA/P
Number of SSA/P
Right Side location

37 (2.1)
1.32 ± 0.58
24 (64.9)

57 (5.5)
1.32 ± 0.69
37 (64.9)

B

< 0.001
0.875
0.996

SSA/P: Sessile serrated adenoma/polyp.

80

49
60.0

Prevalence of advanced adenoma (%)

50.0

also similar with ours. Second, age was a risk factor
for advanced adenoma only in the overall age-group.
In the young age-group, age was not significantly
correlated with the occurrence of advanced adenoma.
Thus, it can be surmised that age means duration of
exposure to various risk factors. We assumed that
there was surge point in the effect of age on advanced
adenoma. To demonstrate this theory indirectly, we
conducted hierarchical cluster analysis. For colorectal
adenoma, the age groups were divided in two groups
(age < 46 or age ≥ 46) (Figure 2A) and for age and
advanced adenoma, (age < 49 or age ≥ 49) (Figure
2B). For this reason, age might not play a role in
development of colorectal adenoma up to certain age.
Multiple studies have been done regarding the asso
ciation between alcohol consumption and colorectal
adenoma. A recent epidemiological study in South
[27]
Korea
showed that chronic alcohol intake raises the
risk for advanced adenoma and multiple adenomas,
indicating that alcohol intake plays a role in colorectal
carcinogenesis. In addition, some reports have linked
colon cancer and alcohol consumption. Pedersen et
[30]
al addressed the positive correlation between alcohol
intake and colon cancer in both men and women.
Another study analyzed 8 cohort studies associating
alcohol intake and CRC, suggesting that excessive
[31]
alcohol intake may increase the risk of colon cancer .
Our study is significant because its results indicate
a positive correlation between alcohol consumption
and the occurrence of advanced adenoma in young
adults who drink alcohol. The exact mechanisms by
which alcohol intake leads to advanced adenoma, and
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60
Age

Young age group,
Old age group,
< 50 (n = 1776) ≥ 50 (n = 1043)

40.0

30.0

20.0

10.0

0.0
20

40

60

80

Age

Figure 2 Hierachial cluster analysis. Scatter plot shows relationships among
the age and incidence of adenoma. A and B indicates the age and incidence
of colorectal adenoma and advanced adenoma, respectively. Red broken lines
indicate demarcations from cluster analysis.

possibly colon cancer, have not yet been completely
elucidated. However, it is possible that alcohol hinders
folic acid absorption or inhibits enzymes responsible
for folic acid synthesis, thereby causing folic acid
deficiency in the colon and rectum and eventually
[26]
leading to colon carcinogenesis .
In our study, a subgroup analysis showed that the
number of adenomas and the rate of their multiplicity
were higher in subjects aged ≥ 50 years, a finding
[32]
that concurs with previous studies . We also found
that right-sided colorectal adenomas were predominant
in subjects aged ≥ 50 years compared with younger
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age-groups, but this was not statistically significant.
Further studies about tumor localization according to
age-group are needed. If their cost-effectiveness can
be established, adscititious screening methods such as
sigmoidoscopy may be helpful in younger age-groups.
The age is known to be an important risk factor for
[33]
SSA/P . In our study, SSA/P was more prevalent in
subjects aged ≥ 50 years than in younger age group
as predicted. The prevalence and location of SSA/P in
this study were also consistent with those of previous
[34,35]
studies
. A recent study showed that a significant
proportion of Korean patients developed interval
colorectal cancer, especially at the young age (subjects
[36]
aged < 65 years) and in the proximal colon .
Therefore, a more complete and longer inspection of
the proximal colon may be also important in subjects
aged < 50 years, although the prevalence of SSA/P in
this age group is low.
This study has several strengths. First, to the best
of our knowledge, this was the first study to compare
the incidence of colorectal neoplasm between the agegroups < 40 years, 40-44 years, 45-49 years, and ≥
50 years. Many other studies have evaluated the risk
factors for colorectal and advanced adenoma in the
[25-27,37-41]
Korean population
. However, we grouped our
study population by age and showed no significant
differences in the incidence of advanced adenoma
between age-groups 45-49 years and ≥ 50 years.
These data indicate that more attention needs to
be paid to the age-group < 50 years. Second, we
collected high-quality data using a trained nurse with
a standardized protocol. Third, we enrolled a relatively
large number of patients, yielding high statistical
power.
Even so, this study also had several limitations.
First, our study conducted a survey of subjects in
a health promotion center. The patients were selfmotivated people seeking colonoscopy screening,
and thus, selection bias might have occurred. In
addition, regional study may affect generalizability.
Second, we excluded several important variables
which is associated with the risk of colorectal neoplasm
(CRC family history, medication history, and physical
activity) owing to low response rates. This might cause
the different results. Third, we recruited subjects at
a single center, and thus, our results might not be
representative of the general population. Fourth, our
study was performed using retrospective evaluation
only of patients with colorectal adenoma and advanced
adenoma and did not include early colon cancer
or colon cancer patients. The prevalence of CRC in
this population is too low to evaluate risk factors for
CRC. Future large-scale studies about this issue are
warranted.
In summary, among patients with colorectal
adenoma, the prevalence increased significantly with
older age (from < 40 years to 40-44 years to 45-49
years to ≥ 50 years). In terms of advanced adenoma,
the groups aged < 40 years and 40-44 years showed
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significantly lower risk compared with the group aged
≥ 50 years. However, no significant difference was
found between the age-groups 45-49 years and ≥
50 years. In the young age-group, age, WC, and
current smoking were associated with a higher risk
of colorectal adenoma, and alcohol consumption was
associated with a higher risk of advanced adenoma.
In conclusion, current screening strategies for CRC
may need to be amended to account for patient age,
especially in young subjects with abdominal obesity,
current smoking and alcohol consumption.
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Abstract
AIM: To investigate the long-term survival and pro
gnostic factors in hepatocellular carcinoma (HCC)
patients undergoing radiofrequency ablation (RFA) as
a first-line treatment.
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patients with 404 HCC (1.0-5.0 cm; mean: 3.2 ± 1.1
cm) underwent ultrasonography-guided percutaneous
RFA as a first-line treatment. There were 250 males
and 66 females with an average age of 60.1 ± 10.8
years (24-87 years). Patients were followed for 1 year
to > 10 years after RFA (234, 181, 136, and 71 for 3,
5, 7, and 10 years, respectively). Overall local response
rates and long-term survival rates were assessed.
Survival results were generated using Kaplan-Meier
estimates, and multivariate analysis was performed
using the Cox regression model.

i10/2993.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i10.2993

INTRODUCTION
Advances in approaches to the diagnosis and
management of hepatocellular carcinoma (HCC) are
improving patient survival. Although surgical resection
is the standard treatment modality for HCC, its use is
usually limited because the majority of patients, even
those with small tumors, have associated severe liver
[1,2]
dysfunction . Therefore, many nonsurgical imageguided ablation methods have been developed, and
radiofrequency ablation (RFA) is currently the most
widely used percutaneous ablation therapy. Some
centers now use RFA as a first-line treatment option,
even in patients feasible for surgery.
Recently, more and more evidence has shown
[3-7]
the longer-term efficacy of RFA in HCC patients .
However, among the various clinical studies of RFA,
only a few have focused on percutaneous RFA for HCC
[8]
as a first-line treatment option , and reports on the
10-year survival of post-RFA HCC patients are rare,
[9,10]
with very few patients reported for this endpoint
.
The present study aimed to investigate long-term
survival and prognostic factors in HCC patients
undergoing percutaneous RFA as a first-line treatment
based on our 14 years of clinical experience.

RESULTS: In total, 548 RFA sessions were performed
and major complications occurred in 10 sessions
(1.8%). Local tumor progression and/or new tumor
development were observed in 43.3% (132/305) of
the patients during the follow-up period. Overall 5and 10-year survival rates were 49.7% and 28.4%,
respectively. Based on multivariate analysis, three
factors were identified as independent prognostic
factors for overall survival: Child-Pugh classification
(HR = 4.054, P < 0.001), portal vein hypertension (HR
= 2.743, P = 0.002), and tumor number (HR = 2.693,
P = 0.003). The local progression-free 5- and 10-year
survival rates were 42.7% and 19.5%. In addition
to the Child-Pugh classification and the number of
tumors, the number of RFA sessions (HR = 1.550, P
= 0.002) was associated with local progression-free
survival.
CONCLUSION: RFA can achieve acceptable outcomes
for HCC patients as a first-line treatment, especially for
patients with Child-Pugh class A, patients with a single
tumor and patients without portal vein hypertension.

MATERIALS AND METHODS
Patients

This was a cohort study conducted as a retrospective
analysis of a prospective database in a single center. In
our group, there were 732 consecutive HCC patients
who underwent ultrasound-guided percutaneous RFA
in our center from January 2000 to January 2013. The
inclusion criteria for this study were as follows: (1) a
tumor size ≤ 5 cm and tumor number ≤ 3; (2) an
absence of significant direct tumor invasion of adjacent
organs or tumor thrombi in the main or lobar portal
system; (3) a tumor not invading a main bile duct or
being obviously exophytic; (4) a liver function of ChildPugh A and B or Child-C (whose liver function was
improved after liver protection therapy and tumor size
<3 cm, no obvious ascites next to the puncture site
of liver); (5) a tumor accessible via a percutaneous
approach; (6) international standard ratio < 1.6
and platelet count > 50000/μl; (7) No extrahepatic
metastasis before RFA; and (8) a follow-up of at least
one year after the first RFA treatment.
Among our study subjects, 416 patients did not
meet the inclusion criteria and were excluded from
the study. The remaining 316 patients, who met the
inclusion criteria and received percutaneous RFA as a
first-line treatment were enrolled in this study (Figure
1). These patients underwent percutaneous RFA
due to severe liver cirrhosis, advanced age, chronic

Key words: Radiofrequency ablation; Hepatocellular
carcinoma; Percutaneous; Ultrasonography-guided;
Long term survival
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Numerous large series have shown that
percutaneous radiofrequency ablation (RFA) is safe
and effective, with minimal morbidity and mortality in
hepatocellular carcinoma (HCC) treatment. However,
few studies had follow-up time that was adequate
to rival that of surgery and percutaneous ethanol
injection. In our long-term follow-up study on a large
group of HCC patients, we further confirmed that RFA
could achieve a 10-year survival in HCC patients as a
first-line treatment, especially for patients with liver
function of Child-Pugh class A, a single tumor, and
without portal vein hypertension.
Yang W, Yan K, Goldberg SN, Ahmed M, Lee JC, Wu W, Zhang
ZY, Wang S, Chen MH. Ten-year survival of hepatocellular
carcinoma patients undergoing radiofrequency ablation as a firstline treatment. World J Gastroenterol 2016; 22(10): 2993-3005
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
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732 HCC patients

Prior treatment:
Resection (n = 178)
TACE (n = 165)
Local ablation (n = 36)

Tumor larger than 5 cm
or more than 3 or
extra hepatic meta (n = 37)

316 untreated patients
with HCC ≤ 5 cm

Child Pugh A
(n = 250)

Single
(n = 199)

Child Pugh B
(n = 57)

≥2
(n = 51)

Single
(n = 43)

Child Pugh C
(n = 9)

≥2
(n = 14)

Single
(n = 6)

≥2
(n = 3)

With normal AFP
and no portal
hypertension
(n = 96)

Figure 1 Flow chart summarizing the patients selected for this study. HCC: Hepatocellular carcinoma; TACE: Transcatheter arterial chemoembolization; AFP:
Alpha-fetoprotein.

respiratory/cardiac diseases or preferred minimallyinvasive therapy. There were 250 men and 66 women.
Patients age ranged from 24 to 87 years (mean, 60.1
± 10.8 years). Two hundred and fifty patients had liver
function of Child-Pugh class A, whereas 57 patients
had class B, and 9 class C. A total of 278 (88.0%)
patients were found with liver cirrhosis, which was
caused by hepatitis B in 231 patients, hepatitis C in
37, alcohol abuse in 4 and other causes in 6. The
remaining 38 patients had fatty liver (n =24) and
normal liver (n = 14) (Table 1).
The diagnosis of HCC was histologically proven (n
= 204) or established according to noninvasive criteria
[11]
(n = 112) . Liver biopsies were performed when the
noninvasive criteria were not satisfied.

and tumor number prior to RFA. SonoVue (Bracco SpA,
Italy) was used as the contrast agent in this study.

RFA method and technique

All RFA procedures were performed by two of four
radiologists (YW, WW, CMH, and YK), all of them had
more than 5 years of experience in ultrasound-guided
interventional procedures. The tumor size, shape and
border were obtained mainly using ultrasound scans,
and enhanced CT/MRI was used as a reference. If
liver cirrhosis was present, a full evaluation of the
portal vein system was performed. We evaluated the
related ultrasound parameters for the diagnosis of
[12]
portal hypertension in the liver cirrhosis patients .
“Risky procedure location” was defined as a tumor
located adjacent to (≤ 0.5 cm) the diaphragm, bowel,
gallbladder, main bile duct or large vessels (i.e.,
potentially critical structures).
Currently, in clinical practice, most RFA devices are
able to create an ablation sphere having a maximum
diameter of up to 5 cm in the liver. When treating
spherical tumors larger than 3 cm in diameter with
5-cm ablation spheres, we generally used multiple
overlapping ablations based on a mathematical
[13]
protocol . Ablative margins covered 0.5-1.0 cm
beyond the original tumor with the exception of tumors

Pre-procedural examination

All patients underwent a baseline evaluation, which
included an enhanced CT or MRI scan of the abdomen
and pelvis within one month before the treatment.
Serum laboratory tests consisting of a complete blood
count, coagulation profile, liver and kidney functional
tests (such as ALT, AST) and serum tumor markers
(such as AFP) were performed in the two weeks before
the treatment. Contrast-enhanced ultrasound (CEUS)
was regularly performed to confirm tumor coverage
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all patients.

Table 1 Baseline characteristics of 316 patients with 404
hepatocellular carcinomas n (%)
Characteristics
Age (yr)
Mean (range)
Patients aged ≥ 60 yr
Sex
Males
Females
Etiology of cirrhosis
HBV
HCV
Alcohol
Others
Pre-RFA serum AFP
< 20 ng/mL
≥ 20 ng/mL
Child-Pugh class
A
B
C
Serum ALT/AST
Normal
Elevated
Tumor no
Single
≥2
Tumor size (cm)
Mean (range)
Tumor > 3 cm

Assessment of therapeutic efficacy and follow-up

To evaluate the technical success of the RFA therapy,
contrast-enhanced CT/MRI was performed 1 mo after
treatment. Primary technical success was defined as
the absence of contrast enhancement in the target
[17]
tumor . Residual tumor was retreated if the patient
was physically strong enough to tolerate another RFA
session. Secondary technical success was defined as
the absence of contrast enhancement after re-ablation.
Complete ablation that was achieved after a maximum
of three iterative procedures within 3 mo after initial
RFA was regarded as a treatment success. Therefore,
persistence of active tumor foci that were untreatable
by RFA after a maximum of three iterative procedures
was regarded as treatment failure.
Subsequently, patients were followed with repeat
CT/MRI every 2-3 mo during the first year and
then every 4-6 mo. Contrast enhancement that
was detected in the ablation zone on follow-up CT/
MRI scans was considered to represent local tumor
[18]
progression . New nodules in other sites of the liver
were considered new tumor occurrence. When local
tumor progression or new tumors were identified,
additional RFA treatment was considered according to
the same criteria used at the time of the initial RFA.
When these criteria were not met, liver transplantation,
resection, transarterial chemoembolization (TACE), or
other treatments were considered if possible.

Value
60.1 ± 10.8 (24-87)
140 (44.3)
250 (79.1)
66 (20.9)
231 (86.6)
37 (10.2)
4 (1.9)
6 (1.3)
177 (56.0)
139 (44.0)
250 (77.0)
57 (20.1)
9 (2.8)
229 (72.5)
87 (27.5)
248 (78.4)
68 (21.6)
3.2 ± 1.1(1.0-5.0)
169 (53.4)

HCC: Hepatocelluar carcinoma; RFA: Radiofrequency ablation; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; AFP: Alphafetoprotein.

Statistical analysis

adjacent to major structures such as the diaphragm,
gastrointestinal tract, or gallbladder. For these latter
cases, the ablative margin was limited; thus, an
[14-16]
individualized protocol was developed
.
During RFA, intravenous moderate sedation
provided by an anesthesiologist was induced using
2.5-5.0 mg of midazolam (Roche; Basel, Switzerland)
and 50-100 μg fentanyl (Fentaini; Renfu, Yichang,
China). The patient was conscious when the RFA
electrode was placed, and vital signs and oxygen
saturation were continuously monitored during the
procedure. After RFA, the patient was observed for 2-4
h and discharged if no evidence of active bleeding was
found.

Fifteen potential prognostic factors were considered in
this study, and their classification scores are listed in
Table 2. Transplanted patients were censored from this
study at the date of transplantation. The probability
of local progression-free survival was defined as
the interval between the treatment and the date of
local tumor progression or death. Overall survival
duration was counted in months from the date of
RFA to death. Survival curves were plotted using a
Kaplan-Meier model and compared using a log-rank
test. A univariate Cox proportional hazards model
was fitted to each variable. All significant variables
were subject to multivariate analysis to assess their
value as independent prognostic factors. SPSS 21.0
software (SPSS, Chicago, IL, United States) was used
to perform the analysis, and p < 0.05 was considered
to be statistically significant.

Ultrasound guided RFA instrument

Selection of the RFA device was based upon the tumor
size, morphology and location. In the present study,
three types of RFA systems were used: multi-tined
(RITA Medical System, United States), multi-polar
(Celon Lab Power, Germany) and internally-cooled
(Tyco Healthcare, United States) electrodes. Real-time
Aloka ultrasound systems (Alokaα-10, Tokyo, Japan)
and GE systems (E9, GE, United States) were used for
scanning with 3.5-5.0 MHz convex probes with needle
guide devices for all ablation procedures. Track ablation
was performed when withdrawing the RFA electrode in
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RESULTS
Early response

For the treatment of initial tumors, primary technical
success was achieved in 301 patients (95.2%).
Residual tumor was observed in 15 nodules in 15
patients, including 3 nodules close to the main branch
of the portal vein, 2 close to the gallbladder, 2 close
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were lost to follow-up (mean 20.4 mo), largely due to
logistic and geographic challenges in making followup visits (Figure 2). Overall, 100 deaths were related
to HCC progression or cirrhosis complications, and 5
were unrelated to liver disease. The overall estimated
1, 3, 5, 7 and 10 year survival rates were 90.0%,
70.8%, 49.7%, 41.1%, and 28.4%, respectively.
Median overall survival was 61.0 mo (Figure 3). When
comparing the different periods of enrollment, the
overall survival in the second enrollment from 2007 to
2013 was significantly better than survival in the first
enrollment from 2000 to 2007 (median 65 mo vs 44
mo, p < 0.001).
The factors associated with overall survival are
reported in Table 4 and Table 5. Univariate analysis
identified 8 factors that were related to the post-RFA
overall survival rate. Patient-related factors included
Child-Pugh classification (HR = 3.210, P < 0.001) and
portal vein hypertension (HR = 2.686, P < 0.001). The
tumor-related factors included the number of tumors
(HR = 2.293, P < 0.001), Serum AFP (HR = 1.501,
P = 0.039) and pathological grade of tumor (HR =
2.509, P < 0.001). Procedure-related factors included
CEUS pre-RFA (HR = 0.438, P < 0.001), choice of
RFA electrodes (HR = 0.191, P < 0.001), and primary
technical success (HR = 2.592, P = 0.009). The
factors that showed statistical significance from the
univariate analysis were included in the multivariate
analysis. Among them, Child-Pugh classification,
portal vein hypertension, and number of tumors were
independent prognostic factors for overall survival
(Table 5 and Figure 4).

Table 2 Potential prognostic variables and their class scores
in hepatocellular carcinomas patients
Variables
X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
X14
X15

Definition

1

Class scores

Sex
Age (yr)
Pathological grade

Male (1), Female (2)
18-60 (1), ≥ 60 (2)
Well-Moderate differentiated (1),
Poor-differentiated (2)
Etiology of cirrhosis
HBV (1), HCV (2), Alcohol (3),
Others (4)
Portal vein hypertension
No (1), Yes (2)
Liver function enzyme
Normal (1), Elevated (2)
(serum AST/ALT)
Child-Pugh classification
A (1), B (2), C (3)
Serum AFP (ng/mL)
Normal < 20 (1),
Abnormal ≥ 20 (2)
CEUS pre-RFA
No (1), Yes (2)
Number of tumors
Single (1), ≥ 2 (2)
≤ 3.0 (1), 3.0-5.0 (2)
Tumor size (cm)
Risky location
No (1), Yes (2)
Type of RFA electrodes
Umbrella (1), single (2)
Primary technical success
Yes (0), No (1)
Number of RFA sessions
1 (0), ≥ 2 (1)

1

The number in parentheses in the class scores column means the
classification of variables in statistical analysis. Liver function enzyme
referred to ALT and AST value, normal range was 0-40 IU/L for ALT and
0-45 IU/L for AST. CEUS pre-RFA means CEUS was performed prior to
RFA to instruct treatment plan. Based on needle shape, multi-tined RITA
electrode was regarded as umbrella electrode, while both internally-cooled
Tyco and multi-polar Celon electrodes were regarded as single electrode.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CEUS:
Contrast enhanced ultrasound; RFA: Radiofrequency ablation.

to the diaphragm, 2 close to the bowel, 4 larger
than 4 cm, and 2 with poorly defined margins during
ultrasound imaging. Among the 15 patients, four
patients (26.7%) had secondary technical success
after 2-3 RFA sessions. The other 11 patients did
not receive repeated RFA or still had residual tumor
after re-ablation due to difficulty with respect to the
ablation location, poor liver function, or development
of multiple new tumors (Figure 2).

Local progression-free survival and prognosis factors

The 1, 3, 5, 7 and 10 year local progression-free
survival rates were 83.2%, 59.3%, 42.7%, 35.1%,
and 19.5%, respectively (Figure 5). Median local
progression-free survival was 45.0 mo. The factors
associated with the local progression-free survival
are shown in Table 6. Univariate analysis showed 11
factors that were related to the local progressionfree survival rate. Of them, 7 factors were the same
as above including pathological grade, portal vein
hypertension, Child-Pugh classification, number
of tumors, serum AFP, CEUS pre-RFA, type of RFA
electrodes. The 4 additional factors were the etiology
of cirrhosis (HR = 0.851, P = 0.048), number of RFA
sessions (HR = 1.574, P = 0.001), tumor size (HR =
1.587, P = 0.013), and risky location (HR = 1.442, P
= 0.042). Multivariate analysis showed that Child-Pugh
liver function classification (HR = 2.416, P < 0.001),
number of tumors (HR = 1.588, P = 0.036) and
number of RFA sessions (HR = 1.550, P = 0.002) were
strongly related to the local progression-free survival
(Table 6, Figure 6).

Local tumor progression and new tumor development

Local tumor progression and/or new tumor
development was observed in 43.3% (132/305) of
the patients during the follow-up period. Twenty-two
patients had local tumor progression and new tumors,
whereas 20 patients had local progression only, and 90
patients had new tumors only. A total of 53 patients
underwent repeated RFA sessions (2-5 sessions);
43 received TACE, 12 received resection, 8 liver
transplantion, and the other 16 patients received other
treatments such as PEI, radiotherapy or supportive
treatment (Figure 2).

Overall accumulative survival and prognostic factors

Follow-up ranged from 12 to 158 mo (median: 72.5
mo; mean: 71.8 mo), (Table 3). In all, 105 patients
died, 10 received transplants, and 172 were alive
without transplants. The remaining 29 patients (9.2%)
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Complications

Ten major complications (1.8%) occurred after
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RFA as first line treatment for 316 HCC patients

15 (4.8%)
Residual tumor

301 patients (95.2%)
Primary Technical success

2-3 RFA

Treatment failure:
TACE = 4
Section = 3
Supportive = 2

305 patients (96.5%)
Treatment success

Local progression
n = 20

Repeat RFA
53

Both
n = 22

Section
12

Death
105

Transplant
2

New tumor occurrence
n = 90

TACE
43

Others
16

Alive
172

Transplant
8

Lost follow up
29

Figure 2 Outcomes of radiofrequency ablation as a first-line treatment for 316 patients with liver cirrhosis and hepatocellular carcinoma. RFA:
Radiofrequency ablation; HCC: Hepatocellular carcinoma; TACE: Transcatheter arterial chemoembolization.
1.0

Table 3 Number of patients followed up for 1-10 years

1
3
5
7
10

No. of patients
82
53
45
65
71

Cumulative frequency

0.9
1

0.8

316 (100)
234 (74.1)
181 (57.3)
136 (43.0)
71 (22.5)

0.7
Overall survival

Follow-up (yr)

1

0.6
0.5
0.4
0.3

Numbers in parentheses are percentages.

0.2
0.1

ablation in this group as summarized in Table 7. One
death (0.2%) related to RFA occurred. This patient
had a tumor located close to the colon and had a
bowel perforation the day after RFA. After surgical
repair, he ultimately died of septic shock within one
month. Minor complications included mild skin burns
(n = 1), moderate pleural effusion (n = 4), slight
bowel adhesion without obstruction (n = 8), mild
dilation of the biliary duct (n = 4), and inflammation or
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Figure 3 Kaplan-Meier curve showing an overall 10-year survival. Overall
estimated 1-, 3-, 5-, 7-, and 10-year survival rates are 90.0%, 70.8%, 49.7%,
41.1%, and 28.4%, respectively (n = 234, 181, 136, and 71 for 3, 5, 7, and 10
years, respectively).
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Table 4 Kaplan meier univariate analysis of overall accumulative survival in 316 hepatocellular carcinoma patients after
radiofrequency ablation
Variable

No. of
patients

Sex
Male
Female
Age (yr)
< 60
≥ 60
Pathology grade
Well-Moderate differentiated
Poor-differentiated
Etiology of cirrhosis
HBV
HCV
Portal vein hypertension
No
Yes
Liver function enzyme
Normal
Elevated
Child-Pugh classification
A
B
C
Serum AFP (ng/mL)
Normal
Abnormal
CEUS pre-RFA
No
Yes
Number of tumors
Single
≥2
Tumor size (cm)
≤ 3.0
3.0-5.0
Risky location
No
Yes
Type of RFA electrodes
Umbrella
Single
Primary technical success
Yes
No
Number of RFA sessions
1
≥2

1-yr

3-yr

5-yr

7-yr

10-yr

250
66

89.8
90.7

70.4
72.1

53.2
37.8

44.8
23.6

33.0
-

176
140

90.3
89.6

67.6
75.8

48.0
58.0

31.7
55.4

26.4
25.2

126
78

94.4
83.6

82.5
51.9

64.2
33.1

53.0
26.5

42.5
16.1

231
37

91.2
95.8

72.8
76.7

55.1
57.5

36.1
57.5

21.7
-

211
103

94.2
79.8

78.5
53.2

63.0
30.2

51.8
20.4

36.2
10.2

229
87

89.0
92.2

73.5
64.1

54.4
45.6

42.1
40.5

30.0
-

250
57
9

94.1
82.5
28.6

78.9
46.8
14.3

60.1
25.9
0

50.5
17.2
0

33.6
17.2
0

177
139

88.4
91.8

75.1
66

59.2
42.1

53.3
25.7

35.4
22.1

83
233

80.1
93.8

56.2
77.1

37.7
59.7

26.1
54.4

18.0
-

248
68

90.6
87.6

75.3
54.6

59.3
27.0

46.8
21.6

34.5
10.8

147
169

94.0
86.8

71.6
69.8

59.2
47.3

49.0
36.4

18.4
25.2

152
164

91.4
88.6

71.5
70.0

48.6
53.1

41.6
40.6

32.7
27.7

213
103

86.8
97.5

64.3
94.1

45.7
62.7

36.7
62.7

23.6
-

301
15

89.9
54.5

69.1
36.4

51.4
18.2

39.6
0

30.6
0

256
60

90.2
89.3

70.1
73.4

53.4
49.0

40.3
42.4

31.0
30.3

0.570

0.163

< 0.001

0.474

< 0.001

0.489

< 0.001

0.037

< 0.001

< 0.001

0.178

0.668

<0.001

0.006

0.793

thickening of the gallbladder wall (n = 3).

have covered 10-year outcomes with a sufficient
number (> 20% patients had over 10 years of followup) of patients to draw firm conclusions.
In this single-center study, we assessed 10-year
survival and prognostic factors in 316 consecutive HCC
patients who received RFA as a first-line treatment
for up to three ≤ 5 cm diameter HCC tumors (404
tumors; mean diameter: 3.2 ± 1.1 cm). Follow-up
ranged from 12 to 158 mo (median: 72.5 mo) with
5-, 7-, 10-year overall survival rates of 49.7%, 41.1%
and 28.4%, and local progression-free survival rates
of 42.7%, 35.1% and 19.5%, respectively. In the
present study in China, HCC patients have higher
rates of chronic HBV infection and serve liver cirrhosis,

DISCUSSION
Numerous large series have shown that RFA is safe
and had minimal morbidity and mortality in the
treatment of HCC. Although several promising and
optimistic short- and mid-term follow-up studies using
[5,8,19]
RFA for HCC have been reported
, it should be
noted that very few studies had a follow-up time that
was adequate to rival that of surgery and percutaneous
ethanol injection. The results from recent retrospective
studies of long-term survival with RFA treatment have
[9,10,15,20,21]
been promising
. However, only a few studies
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Table 5 Cox survival analysis of predictors of overall accumulative survival in 316 hepatocelluar carcinom patients after
radiofrequency ablation
Characteristic

Univariate

Sex
Age
Pathology grade
Etiology of cirrhosis
Portal vein hypertension
Liver function enzyme (AST/ALT)
Child-Pugh classification
Serum AFP
CEUS pre-RFA
Number of tumor
Tumor size
Risky location
Type of RFA electrodes
Primary technical success
Number of RFA sessions

Multivariate

HR

95%CI

P value

1.149
0.754
2.509
0.862
2.686
1.162
3.210
1.501
0.438
2.293
1.318
1.090
0.191
2.592
0.955

0.709-1.862
0.506-1.125
1.593-3.952
0.720-1.031
1.826-3.951
0.758-1.780
2.297-4.488
1.021-2.206
0.295-0.651
1.518-3.463
0.879-1.978
0.735-1.616
0.077-0.473
1.269-5.296
0.703-1.298

0.572
0.166
< 0.001
0.105
< 0.001
0.491
< 0.001
0.039
< 0.001
< 0.001
0.181
0.670
< 0.001
0.009
0.769

HR

95%CI

P value

2.743

1.462-5.149

0.002

4.054

2.346-7.005

< 0.001

2.693

1.399-5.185

0.003

HCC: Hepatocelluar carcinoma; HR: Hazard ratio; AFP: Alpha–fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CEUS:
Contrast enhanced ultrasound; RFA: Radiofrequency ablation.

A

1.0

Child-pugh A
Child-pugh B
Child-pugh C

0.9
0.8

B

0.9
0.8

No portal vein hypertension
Portal vein hypertension

0.7
Overall survival

Overall survival

0.7

C

1.0

0.6
0.5
0.4

0.6
0.5
0.4

0.3

0.3

0.2

0.2

0.1

0.1

0.0

0.0
0 12 24 36 48 60 72 84 96 108 120 132 144 156

0 12 24 36 48 60 72 84 96 108 120 132 144 156

Time post-ablation (d)

Time post-ablation (d)

1.0

Solitary tumor
Multiple tumor

0.9
0.8

Overall survival

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0 12 24 36 48 60 72 84 96 108 120 132 144 156
Time post-ablation (d)

Figure 4 Post-radiofrequency ablation overall survival curves in hepatocellular carcinoma patients with different independent prognostic factors. A: The 1-, 3-, 5-,
7-, and 10-year overall survival for patients with Child-Pugh class A liver function of were 94.1%, 78.9%, 60.1%, 50.5%, and 33.6%, whereas the overall survival rates were
82.5%, 46.8%, 25.9%, 17.2%, and 17.2%, respectively, for Child-Pugh class B, and 28.6%, 14.3%, 0%, 0%, and 0% for Child-Pugh class C, respectively (P < 0.001); B: The
1-, 3-, 5-, 7-, and 10-year overall survival rates were 94.2%, 78.5%, 63.0%, 51.8%, and 36.2%, respectively, for patients without portal vein hypertension and 79.8%, 53.2%,
30.2%, 20.4%, and 10.2%, respectively, for patients with portal vein hypertension (P = 0.002); C: The 1-, 3-, 5-, 7-, and 10-year survival rates were 90.6%, 75.3%, 59.3%,
46.8%, and 34.5%, respectively, for patients with a single tumor and 87.6%, 54.6%, 27.0%, 21.6%, and 10.8%, respectively, for patients with more than one tumor (P = 0.003).
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A

1.0

0.9
Local progression free survival

0.9
Local progression-free survival
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0.8
0.7
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0.5
0.4
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0.2

0.8
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B

Figure 5 Kaplan-Meier curve shows a local progression-free 10-year
survival. The 1-, 3-, 5-, 7- and 10-year local progression-free survival rates
were 83.2%, 59.3%, 42.7%, 35.1%, and 19.5%, respectively.

Local progression free survival

0.9

Table 6 Cox survival analysis of predictors of local
progression-free survival in 316 patients with 404
hepatocelluar carcinomas after radiofrequency ablation
Characteristic

Univariate
HR

Multivariate

P value HR

95%CI

P value

1.073 0.691-1.667 0.753
0.796 0.559-1.133 0.205
2.258 1.506-3.385 < 0.001
0.851 0.725-0.999

0.048

1.826 1.288-2.589

0.001

1.082 0.740-1.583

0.684

Solitary tumor
Multiple tumors

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0 12 24 36 48 60 72 84 96 108 120 132 144 156
Time post-ablation (mo)

C

1.0
0.9

2.930 2.169-3.958 < 0.001 2.416

1.713-3.409

Local progression free survival

Sex
Age
Pathological
grade
Etiology of
cirrhosis
Portal vein
hypertension
Liver function
enzyme
(AST/ALT)
Child-Pugh
classification
Serum AFP
CEUS preRFA
Number of
tumors
Tumor size
Risky location
Type of RFA
electrodes
Primary
technical
success
Number of
RFA sessions

95%CI

1.0

< 0.001

1.425 1.010-2.011 0.044
0.421 0.297-0.598 < 0.001
1.765 1.212-2.570

0.003

1.587 1.104-2.283
1.442 1.013-2.054
0.449 0.264-0.764

0.013
0.042
0.003

1.772 0.877-3.583

0.111

1.574 1.201-2.061

0.001

1.588

1.031-2.447

0.036

Single RF
Mutiple RF

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0 12 24 36 48 60 72 84 96 108 120 132 144 156

1.550

1.183-2.033

0.002

Time post-ablation (mo)

Figure 6 Post-radiofrequency ablation local progression-free survival
curves in hepatocellular carcinoma patients with different independent
prognostic factors. A: Patients with Child-Pugh class A had significantly
greater local progression-free survival rate than patients with Child-Pugh class
B and C (P < 0.001); B: Patients with a single tumor had a significantly higher
local progression-free survival rate than patients with more tumors (P = 0.036);
C: Patients who had one radiofrequency ablation session had a significantly
greater local progression-free survival rate than patients who had multiple
sessions (P = 0.002).

HCC: Hepatocelluar carcinoma; HR: Hazard ratio; AFP: Alpha–fetoprotein;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CEUS:
Contrast enhanced ultrasound; RFA: Radiofrequency ablation.

larger tumor sizes, and greater baseline AFP levels
than in other survival studies. Taking into account this
discrepancy in demographics, our long-term survival
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RFA appeared unfavorable, and ranged from 61.3%
[31,32]
to 82.5%
. In the present cohort, an important
observation was that despite the fact that tumor
size was a prognostic factor for local progressionfree survival by univariate analysis, tumor size did
not significantly impact overall survival. Recently,
higher-powered RFA generators and modifications to
the electrodes have enabled an increase in ablation
size. These advances have opened the door to more
patients who were previously considered untreatable
[33,34]
with RFA
. In the past 14 years, our team has
made great effort to improve the outcome of patients
with liver tumors larger than 3 cm. In our study, the
overall 5-, 10- years survival rates for HCC patients
with a tumor size of 3-5 cm were 47.3% and 25.2%,
respectively, which appeared fairly good. Additionally,
the fairly good outcome for tumors larger than 3 cm
was likely because we repeated RFA when the tumor
progressed at a limited stage. It should be noted
that tumor size influenced the local progression.
Therefore, combination therapy was recommended by
some studies to improve completed ablation of larger
tumors.
Like tumor size, the number and distribution of the
tumors represented the biological behavior of these
tumors. When more than one tumor was observed
in the liver, intrahepatic metastasis or multicentric
HCC was likely to occur. Regarding to tumor location,
tumors in risky locations reduced local progressionfree survival. Tumor location near important structures
easily resulted in incomplete ablation or complications,
which influenced survival.
Not surprisingly, a high serum AFP level was
predictive of HCC recurrence and poor prognosis.
In the present cohort, the impact of AFP levels on
the prognosis after RFA therapy demonstrated that
patients with high serum AFP levels had a significantly
poorer overall survival and a reduced local progression[35]
free survival. Yamamoto et al
suggested that
serum AFP levels may reflect tumor biology, thereby
determining the prognosis of HCC patients after
therapy. This implies that monitoring serial serum AFP
levels before and after therapy is mandatory for HCC
patients undergoing RFA. Our result also showed that
well to moderately differentiated HCC had a better
prognosis than poorly differentiated HCC, most likely
because poorly differentiated HCC tends to grow more
aggressively, resulting in a poorer prognosis.
In addition to tumor factors and patient factors,
procedural factors were prognostically analyzed in this
study. In a univariate analysis of the prognostic factors
for overall survival, CEUS application was determined
to be helpful in improving outcome after RFA. Solbiati
[36]
et al
first reported their experience in using CEUS
in RFA treatment and pointed out CEUS represented
a significant improvement in the detection of tumors,
in the selection of patients and in all of the steps of
[37]
tumor ablative treatment. In our previous study , the
complete necrosis rate after RFA treatment in CEUS

Table 7 Incidence of major complications in 548 treatment
sessions
Type of procedure-related
1
complications
Major complications
Bowel perforation
Seeding metastasis
Pneumothorax or hemothorax
Intraperitoneal hemorrhage
Liver abscess
Biliary stenosis
No. of deaths

No. of events
10 (1.8)
1
3
3
1
1
1
1 (0.2)

Managements

Surgically repaired
Surgical resection
Drainage
Ablation in site
PTCD2
PTCD
(Bowel perforation)
Surgically repaired

1

Definition of a major complication was a complication that, if left
untreated, might threaten the patient’s life, lead to substantial morbidity
and disability, or result in a lengthened hospital stay. All other
complications were considered minor; 2PTCD: percutaneous transhepatic
cholangial drainage.

outcome after percutaneous RFA for HCC, which was
49.7% at 5 years and 28.4% at 10 years, appears to
be comparable with the survival outcomes of surgical
[22,23]
resection
.
Evaluation of the prognostic factors is also
important when selecting RFA patients, planning RFA
protocols and improving treatment efficacy.
[10,24,25]
As previously reported
, we observed
that liver function and portal hypertension strongly
influenced overall and local progression-free survival
rates. In our cohort, there was a high percentage of
patients with HBV-related cirrhosis. These patients
had significantly better local progression-free survival
compared with patients with HCV cirrhosis. In an
Italian study involving 187 patients with Child-Pugh
class A or B cirrhosis and early-stage HCC, overall
survival rates at 1, 3, 5 years were 97%, 71% and
[5]
48%, respectively . The most significant prognostic
factor identified in that study was Child-Pugh class.
Similarly, we also identified host factors as prognostic
factors. It is often that the final cause of their death is
not HCC itself, but liver failure or portal hypertension
related severe bleeding. Therefore, during RFA, normal
liver tissue should be reserved as much as possible
and anti-virus therapy is necessary.
Although RFA has been shown to be a safe local
therapy for HCC with less liver function damage, data
with respect to its application in patients with poor liver
[26,27]
function are limited
. The survival of HCC patients
with decompensated liver cirrhosis and without target
[28,29]
therapy is poor (approximately 2-5 mo)
. Our
results showed that the mean survival time after
RFA in HCC patients with Child-Pugh class C cirrhosis
was 12 mo, which suggests that RFA provided an
opportunity to treat these HCC patients, and prolonged
their survival.
[30]
Mulier et al , demonstrated that the possibility
of achieving technical success substantially decreases
when the tumor size exceeds 3 cm. In previous series,
technical success rates for larger HCCs (3-5 cm) after
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a larger number of treated tumors > 3 cm and tumors with poorer Child-Pugh
class scores.

group was greater than in control group (92.2% vs
83.0%, P = 0.036), which may be due to the ability
of CEUS to have a higher sensitivity for identifying
small tumors, tumor invasive range and feeding vessel
before treatment.
With the univariate analysis, our study also found
that the type of RFA electrodes had an effect on the
local progression-free survival. Single electrodes (both
internally cooled and multipolar) had some advantages
over an umbrella electrode, such as easy operation,
more ideal visualization of the needle tip, and a thinner
needle diameter, particularly for the treatment of
tumors in challenging locations. However, the choice of
optimal equipment should be determined based on the
tumor condition and the experience of the operator.
There were several limitations to our study. The
source of study population in this study may result in
selection bias, as we are a specialization unit, more
patients with unfavorable tumor conditions for RFA
may have been referred to us than to other centers.
Therefore, caution is required when extrapolating our
findings to the general population of HCC patients.
Additionally, this study was a 10-year retrospective
investigation, and the data obtained in the early years
and in later years were analyzed together. Therefore,
it is acknowledged that the better survival results
observed in the later years may be partly due to our
experience and because RFA equipment had improved.
Additionally, anti-virus therapy has been a focus as a
method to prolong survival in HCC patients in recent
years and should be further analyzed in the next study.
In conclusion, this long-term follow-up study on
a large group of HCC patients confirmed that RFA
can achieve favorable outcomes in HCC patients as a
first-line treatment, especially for patients with ChildPugh class A, a single tumor, and without portal vein
hypertension. Understanding the prognostic factors,
including tumor characteristics, liver function ChildPugh classification, and application of CEUS prior to
RFA, are critical for patient care.

Research frontiers

In this study, the overall 5- and 10-year survival rates for HCC patients with
tumors of 3-5 cm were 47.3% and 25.2%, which appears to be fairly good
despite tumor size being a prognostic factor for local progression-free survival
through univariate analysis. Tumor size did not significantly affect the overall
survival in a multivariate analysis. In addition to tumor factors and patient
factors, procedural factors were prognostically analyzed in this study. Contrastenhanced ultrasound application was found to be helpful in improving the
overall survival after RFA, and the type of RFA electrodes had an effect on local
progression-free survival.

Innovations and breakthroughs

Thus far, only a few studies have covered 10-year outcomes with a sufficient
number of HCC patients to draw firm conclusions. This study showed the longterm outcome of RFA in 316 HCC patients, including a more heterogeneous
population with expanded inclusion criteria that included a larger number of
treated tumors > 3 cm and tumors with a poorer Child-Pugh class scores as a
first-line treatment. Follow-up ranged from 12 to 158 mo (median: 72.5 mo) with
5-, 7-, and 10-year overall survival and local progression-free survival rates of
49.7%, 41.1%, and 28.4% and 42.7%, 35.1%, and 19.5%, respectively.

Applications

These 10-year survival outcomes after percutaneous RFA of HCC appear to
be comparable to survival outcomes after surgical resection. Understanding
the prognostic factors, which include tumor characteristics, liver function ChildPugh classification, and application of contrast ultrasound before RFA, is critical
for patient care, and this study is helpful in establishing a treatment protocol for
HCC with ultrasound-guided RFA.

Terminology

RFA - a medical procedure in which part of the electrical conduction system
of the heart, tumor or other dysfunctional tissue is ablated using the heat
generated from high-frequency alternating current. The radiofrequency waves
passing through the electrode increase the temperature within the tumor tissue,
which results in tumor destruction. First-line treatment: the initial, preferred,
or best treatment for a disease. It is often the therapy that combines the best
efficacy with the best safety profile and/or the lowest cost.

Peer-review

This is an interesting paper. This monocentric, large experience shows us
that RFA is a good first-line treatment option in HCC patients. The analysis
of the prognostic factors is also important. The authors have described their
retrospective experience with the use of RFA in a large group of patients with
HCC, and with a significant long-term follow-up. This is an important experience
in the field of HCC therapy.
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Abstract
AIM: To further define variables associated with
increased incidences of severe toxicities following
90
administration of yttrium-90 ( Y) microspheres.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to
inclusion in the study.

METHODS: Fifty-eight patients undergoing 79 treat
ments were retrospectively assessed for development
of clinical and laboratory toxicity incidence following
90
Y administration. Severe toxicity events were defined
using Common Terminology Criteria for Adverse Events
version 4.03 and defined as grade ≥ 3. Univariate
logistic regression analyses were used to evaluate the
effect of different factors on the incidence of severe

Conflict-of-interest statement: We have no conflicts-of-interest
to report.
Data sharing statement: Dataset is available upon request
from corresponding author at jdr25@uab.edu. Consent was not
obtained for data sharing but presented data are anonymized and
risk of identification is low.
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toxicity events. Multicollinearity was assessed for all
factors with P < 0.1 using Pearson correlation matrices.
All factors not excluded due to multicollinearity were
included in a multivariate logistic regression model for
each measurement of severe toxicity.

22(10): 3006-3014 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i10/3006.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i10.3006

RESULTS: Severe (grade ≥ 3) toxicities occurred
following 21.5% of the 79 treatments included in
our analysis. The most common severe laboratory
toxicities were severe alkaline phosphatase (17.7%),
albumin (12.7%), and total bilirubin (10.1%)
toxicities. Decreased pre-treatment albumin (OR
= 26.2, P = 0.010) and increased pre-treatment
international normalized ratio (INR) (OR = 17.7, P =
0.048) were associated with development of severe
hepatic toxicity. Increased pre-treatment aspartate
aminotransferase (AST; OR = 7.4, P = 0.025) and
decreased pre-treatment hemoglobin (OR = 12.5, P =
0.025) were associated with severe albumin toxicity.
Increasing pre-treatment model for end-stage liver
disease (MELD) score (OR = 1.8, P = 0.033) was
associated with severe total bilirubin toxicity. Colorectal
adenocarcinoma histology was associated with severe
alkaline phosphatase toxicity (OR = 5.4, P = 0.043).

INTRODUCTION
90

Yttrium-90 ( Y) microsphere brachytherapy has
emerged as an important modality for the treatment
of unresectable primary or secondary hepatic
malignancies. Although surgery provides the greatest
chance for cure, > 70% of hepatic malignancies
[1,2]
are considered unresectable . While normal liver
parenchyma primarily receives blood from the portal
vein, hepatic malignancies receive most of their blood
[3]
from the hepatic artery . Administration of beta90
emitting Y microspheres into the hepatic artery
exploits this dual blood supply to preferentially deliver
tumoricidal radiation to hepatic malignancies while
sparing normal liver parenchyma.
90
Y microspheres are primarily used in the setting
of salvage therapy as there is increasing evidence
that they provide benefits in both time to progression
[4,5]
and overall survival , leading to their approval for
treatment of colorectal liver metastases and extensive
[6]
off-label use for various other hepatic malignancies .
90
Despite these benefits, Y is associated with several
toxicities of which clinicians must be aware. Toxicities
include constitutional symptoms including nausea,
vomiting, fatigue, abdominal pain, and fever, all
of which comprise the transient post-embolization
[7-9]
syndrome (PES) . Furthermore, gastrointestinal (GI)
and liver toxicities, including elevated liver function
[9-11]
tests (LFTs), have also been reported
.
The objectives of this paper are to further define
factors associated with increased incidences of
severe toxicities and to identify the frequency of liver,
constitutional, and GI toxicities following administration
90
of Y microspheres in a sequential cohort of hetero
geneous patients.

CONCLUSION: Clinicians should carefully consider
pre-treatment albumin, INR, AST, hemoglobin, MELD,
and colorectal histology when choosing appropriate
90
candidates for Y microsphere therapy.
Key words: Yttrium-90 microspheres; Liver metastases;
Multivariate analysis; Toxicity incidence; Colorectal
adenocarcinoma
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Factors associated with the development of
severe (grade ≥ 3) toxicities were identified using
multivariate logistic regression models using Common
Terminology Criteria for Adverse Events version 4.03.
We found that severe toxicities were present following
21.5% of treatments. Abnormal pre-treatment
albumin and international normalized ratio (INR) were
associated with development of severe hepatic toxicity.
Abnormal pre-treatment aspartate aminotransferase
(AST) and hemoglobin were associated with
development of severe albumin toxicity. Increasing pretreatment model for end-stage liver disease (MELD)
was associated with severe total bilirubin toxicity,
and colorectal adenocarcinoma with severe alkaline
phosphatase toxicity. Pre-treatment albumin, INR, AST,
hemoglobin, MELD, and colorectal histology should be
considered when selecting appropriate candidates for
90
Y microsphere therapy.

MATERIALS AND METHODS
Inclusion criteria and 90Y procedure

Roberson JD, McDonald AM, Baden CJ, Lin CP, Jacob R,
Burnett OL. Factors associated with increased incidence of
severe toxicities following yttrium-90 resin microspheres in the
treatment of hepatic malignancies. World J Gastroenterol 2016;
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90

We reviewed the charts of all patients who received Y
resin microsphere radioembolization at our institution
between October 1, 2010, and September 30, 2014.
90
All patients who received either Y treatment to a
single lobe or sequential bilobar treatments, did not
have underlying liver cirrhosis, and were seen in
follow-up were included in our analysis. Patients with
underlying liver cirrhosis were excluded due to its
potential to complicate post-treatment liver toxicities.
For the purposes of this analysis, each procedure was
considered a separate event as sequential treatments
were always to the other liver lobe.
All patients were initially presented at a multidisci
plinary hepatobiliary conference in which radiographic
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imaging and labs were reviewed to determine the best
90
course of treatment. Patients for whom Y treatment
was recommended underwent arterial catheterization
to rule out aberrant arterial anatomy and perform
prophylactic coil embolization of the gastroduodenal
artery and other routes of collateral flow. Patients
also underwent a nuclear medicine hepatopulmonary
shunt study using technetium-99m-labeled macroalbumin aggregates injected into the hepatic arteries
and visualized with static anterior and posterior
90
images. Y treatment was contraindicated for patients
with a shunt > 20%, while shunts of 11%-15% and
90
16%-20% required a reduction in Y dosage of 20%
and 40%, respectively, to decrease the risk of patients
[12]
developing radiation pneumonitis .
Approximately two weeks later, patients received
90
Y microspheres whose dose was calculated using
the body surface area method adjusted for lobar
[13-15]
involvement
. Resin microspheres of 20-60 μm
®
(SIR spheres , SIRTeX Medical Limited, North Sydney,
90
N.S.W. Australia) labeled with beta-emitting Y with
a 64.2 h half-life were selectively delivered via the
right or left hepatic artery to vessels supplying the
[16]
malignancies under treatment .

response at 3-mo and 6-mo post-treatment was
assessed using Response Evaluation Criteria in Solid
[18]
Tumors version 1.1 (RECIST v1.1) . This study
was approved by our institutional review board and
was compliant with Health Insurance Portability and
Accountability Act. Patients signed informed consent.

Statistical analysis

Univariate logistic regression was performed for
each variable listed in Supplementary Table 1 to
test their effect on the development of severe
(grade ≥ 3) liver toxicities. Within each regression
model, denominators were adjusted to account for
missing laboratory data. Variables associated with
development of severe toxicity at a significance level of
P < 0.10 on univariate analysis were used to generate
multivariate logistic regression models for each severe
toxicity. Multicollinearity was assessed using Pearson
correlation matrices; for variables with r > 0.4, only
the one with greater significance on univariate analysis
was included in multivariate analysis. Overall survival
was estimated using the Kaplan-Meier method. A P
value < 0.05 was considered statistically significant in
two-tailed statistical tests. All analyses were conducted
using SPSS Statistics 22.0 for Windows (IBM SPSS,
Chicago, IL) with statistical review by a biomedical
statistician.

Data collection and endpoints

Patients were typically seen in follow-up at 1-, 3-, and
6-mo post-treatment. Baseline laboratory values were
defined as pre-treatment laboratory values closest
to the treatment date, often measured the day of
90
treatment prior to administration of Y microspheres.
For patients receiving sequential bilobar treatments,
a new baseline for the second treatment was defined
using pre-treatment laboratory values closest to the
second treatment’s date. The 1-mo laboratory values
were defined as those closest to 1-mo from the day
of treatment and between 3-wk and 2-mo posttreatment, the 3-mo laboratory values were defined
as those closest to 3-mo and between 2- and 4.5-mo,
and the 6-mo laboratory values were defined as those
closest to 6-mo and between 4.5- and 8-mo. LFT
toxicities included international normalized ratio (INR),
albumin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
and total bilirubin and were determined using Common
Terminology Criteria for Adverse Events Version 4.03
[17]
(CTCAE v4.03) .
Patients were recorded as having LFT toxicities
if both their post-treatment CTCAE grade was 2 or
higher and this grade was increased from their pretreatment grade. Patients with baseline LFTs meeting
criteria for grade 2 toxicity which did not increase to a
higher grade post-treatment were not considered to
have treatment toxicity. Patients were also recorded
as having severe toxicities if they had post-treatment
CTCAE grade ≥ 3 laboratory measurements.
Incidence of other adverse outcomes was determined
from clinician notes at follow-up visits. Radiographic
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RESULTS
Baseline Characteristics

90

During 2010-2014, 76 patients underwent 104 Y
microsphere treatments. All 104 treatments were
considered for inclusion in our analysis while 58 patients
undergoing 79 treatments ultimately met our inclusion
criteria. One patient underwent three lobar treatments
with the initial sequential treatments occurring in 2011
and the third treatment in 2013. This third treatment
was excluded due to the inability to rule out the effect
of previous treatments on the development of any
subsequent toxicities. Ten treatments (9.6%) were
excluded due to underlying liver cirrhosis, and 14
treatments (13.5%) were excluded due to lack of followup. Mean time to initial follow-up for all treatments was
45 d (± 31; range, 4-165 d), and mean total follow-up
was 274 d (± 332; range, 14-1427 d).
Baseline characteristics for each patient and
treatment are presented in Table 1. Thirty-two patients
who underwent 46 treatments had extrahepatic
disease, while 12 treatments occurred in patients with
unilobar disease. Patients typically returned home the
day after treatment (n = 75; 94.9%). In three cases,
discharge was delayed by 1-2 d for pain, nausea and
vomiting, or port infection.

Toxicity analysis

Table 2 presents the incidence of all toxicities while
Table 3 presents the incidence of severe toxicities.
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Difference in dose (mCi)
% Difference
Dose to lung (Gy)
Intra-procedural complications
Stasis
Reflux

Table 1 Baseline characteristics
Characteristics
Patient characteristics (n = 58)
Sex
Female
Male
Race
White
Black
Age at primary diagnosis
< 65
≥ 65
Primary diagnosis
Colorectal adenocarcinoma
Neuroendocrine
Cholangiocarcinoma
Other primaries
Age at liver diagnosis
< 65
≥ 65
Liver steatosis
Number hepatic lesions
< 10
≥ 10
Prior treatment
None
Radiofrequency ablation
Surgery
TACE
EBRT
Chemotherapy
Number chemo regimens
Treatment characteristics (n = 79)
Age at treatment
Years from primary diagnosis
Years from liver diagnosis
< 65
≥ 65
KPS
< 80%
≥ 80%
Child-Pugh
A
B
MELD score
Max primary index tumor size (mm)
Sum primary index tumors (mm)
Lobe treated
Right
Left
BMI (kg/m2)
BSA (m2)
Total liver
Volume (mL)
Tumor volume (mL)
% Tumor
< 25%
≥ 25%
Treated liver
Volume (mL)
Tumor volume (mL)
% Tumor
< 25%
≥ 25%
Lung shunt (%)
Calculated dose (mCi)
Unadjusted2
Administered dose (mCi)
Unadjusted

WJG|www.wjgnet.com

Values

1

28 (48.3)
30 (51.7)

-0.02 ± 1.71 (-9.53-3.2)
-0.25 ± 8.31 (-53.84-10.46)
3.4 ± 1.77 (0.55-8.41)
10 (12.7)

1

Values presented as numbers (percentage) or mean ± SD (range);
Unadjusted indicates dose prior to being adjusted for lobar treatment.
TACE: Transcatheter arterial chemoembolization; EBRT: External beam
radiation therapy; KPS: Karnofsky Performance Status; MELD: Model for
End-Stage Liver Disease; BMI: Body mass index; BSA: Body Surface Area;
mCi: Millicurie; Gy: Gray.
2

44 (75.9)
14 (24.1)
57.64 ± 10.18 (32-84)
47 (81.0)
11 (19.0)
30 (51.7)
12 (20.7)
5 (8.6)
11 (19.0)
58.45 ± 10.43 (32-86)
44 (75.9)
14 (24.1)
7 (12.1)

Table 2 Toxicity incidence
n 1 (%)

Toxicity
Post-embolization syndrome2
Constitutional toxicities2
Fatigue
Loss of appetite
Weakness
Fever
Weight loss
Flu-like symptoms
Malaise
Chills
Gastrointestinal toxicities2
Abdominal pain
Nausea
Emesis
Constipation
Diarrhea
Abdominal Cramps
Hepatic toxicities2
Alkaline phosphatase
Albumin
Total bilirubin
Aspartate aminotransferase
INR
Encephalopathy
Jaundice
Ascites

11 (19.0)
47 (81.0)
6 (10.3)
6 (10.3)
11 (19.0)
3 (5.2)
2 (3.4)
52 (89.7)
1.78 ± 1.38 (0-7)
59.54 ± 10.99 (32-86)
2.68 ± 2.79 (0.14-12.88)
1.85 ± 1.80 (0.12-8.49)
53 (67.1)
26 (32.9)
11 (13.9)
68 (86.1)
74 (93.7)
5 (6.3)
7.61 ± 1.49 (6-13)
61.03 ± 41.65 (9-223)
82.18 ± 49.08 (9-223)

11 (12.79)
48 (55.81)
41 (47.67)
15 (17.44)
11 (12.79)
6 (6.98)
5 (5.81)
5 (5.81)
4 (4.65)
2 (2.33)
47 (55.29)
34 (40.00)
23 (27.06)
10 (11.76)
6 (7.06)
3 (3.53)
1 (1.18)
38 (44.19)
27 (34.18)
21 (26.58)
18 (22.78)
9 (11.39)
3 (4.29)
2 (2.33)
2 (2.33)
1 (1.16)

1

n for this Table was determined based on the number of the original
104 patients included in our study with clinical or laboratory follow-up.
There were 86 patients with clinical follow-up but only 79 patients with
laboratory follow-up, 9 of whom did not have post-treatment INR values
obtained; 2High incidence of toxicity. INR: International normalized ratio.

55 (69.6)
24 (30.4)
26.5 ± 4.46 (18.40-36.65)
1.89 ± 0.24 (1.46-2.65)

Treatment type was not associated with a difference in
either clinical or laboratory toxicity (see Supplementary
Table 2).
Univariate and multivariate binary logistic re
gression models were generated for the presence of
any severe toxicity, severe albumin toxicity, severe
ALP toxicity, and severe total bilirubin toxicity. Results
of the multivariate analyses are included in Table 4
(see Supplementary Table 1 for univariate analyses).
Multivariate analyses found several associations:
decreased pre-treatment albumin (OR = 26.2, P =
0.010) and increased pre-treatment INR (OR = 17.7,
P = 0.048) with severe hepatic toxicity, increased pretreatment AST (OR = 7.4, P = 0.025) and decreased
pre-treatment hemoglobin (OR = 12.5, P = 0.025)

1927.67 ± 779.16 (1002-6243)
336.56 ± 460.83 (5.1-3096)
14.35 ± 11.90 (0.27-49.59)
62 (78.5)
17 (21.5)
1124.06 ± 585.45 (346-3946)
253.73 ± 435.82 (3-3096)
17.26 ± 16.97 (0.29-78.46)
58 (73.4)
21 (26.6)
7.11 ± 3.62 (1.3-17.4)
27.5 ± 9.68 (8.2-56.8)
47.61 ± 9.51 (22.9-77.7)
27.48 ± 9.91 (8.2-56.9)
47.76 ± 10.64 (10.6-77.8)
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Table 3 Severe toxicity incidence
Severe toxicities
Any
INR
Albumin
AST
ALT
ALP
Total bilirubin

Our patients

n

%

17
1
10
2
0
14
8

21.5
1.4
12.7
2.5
0.0
17.7
10.1

Time to toxicity development
mean ± SD

range

Literature
1

Number of resolved

25.00 ± 0.00
97.80 ± 40.59
98.00 ± 19.80

(35-174)
(84-112)

0

7%-38%[7,9,39]
1.3%-1.8%[20,27]
0%-2%[9,27,40]
0%-8%[7,9,20,22,23,27,40]

86.46 ± 58.37
80.75 ± 51.63

(3-182)
(14-182)

5
1

0.5%-20%[7,9,20,23,40]
0%-27%[7,9,20,22,23,27,40]

0

1

Toxicities were considered irreversible if values remained grade ≥ 3 until last recorded measurement. INR: International normalized ratio; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.

Table 4 Multivariate analyses of severe toxicities
Toxicity

Factor

Univariate

Multivariate

P value

OR

P value

Pre-treatment albumin
Pre-treatment INR
Colorectal adenocarcinoma
Pre-treatment ALP
Pre-treatment total bilirubin
Pre-treatment hemoglobin
MELD score
Pre-treatment AST

0.001
0.016
0.022
0.018
0.031
0.047
0.068
0.032

33.600
9.231
4.213
12.343
13.071
3.467
1.364
3.552

0.010
0.048
0.070
0.187
0.327
0.449

26.166
17.743
4.527
4.770
33.100
1.881
Excluded1
Excluded1

2.194-312.072
1.027-306.461
0.885-23.155
0.468-48.651
0.030-36243.627
0.366-9.674

Pre-treatment hemoglobin
Pre-treatment AST
Pre-treatment total bilirubin

0.040
0.039
0.047

9.265
5.517
8.375

0.025
0.025
0.355

12.492
7.404
3.349

1.349-114.011
1.283-42.714
0.259-43.374

MELD score
Pre-treatment albumin
Administered dose
Pre-treatment INR
Pre-treatment total bilirubin

0.020
0.035
0.099
0.075
0.025

1.625
10.138
0.933
5.583
11.500

0.033
0.056
0.117
0.658

1.830
9.042
0.922
1.694
Excluded1

1.050-3.187
0.941-86.840
0.833-1.020
0.165-17.429

Colorectal adenocarcinoma
Pre-treatment ALP
Pre-treatment hemoglobin
KPS
Pre-treatment INR
KPS < 80 vs KPS ≥ 80
Pre-treatment AST

0.030
0.037
0.019
0.067
0.049
0.093
0.050

4.552
9.237
6.581
0.953
5.636
3.314
3.519

0.043
0.070
0.084
0.150
0.189

5.362
15.615
4.886
0.947
4.903
Excluded1
Excluded1

1.058-27.185
0.803-303.636
0.809-29.519
0.879-1.020
0.456-52.716

OR

95%CI

Any

Albumin

Total bilirubin

ALP

1

Variables marked as Excluded were excluded from multivariate analysis due to interdependence. INR: International normalized ratio; ALP: Alkaline
phosphatase; MELD: Model for end-stage liver disease; AST: Aspartate aminotransferase; KPS: Karnofsky performance score.

with severe albumin toxicity, increasing model for endstage liver disease (MELD) score (OR = 1.8, P = 0.033)
with severe total bilirubin toxicity, and colorectal adeno
carcinoma histology with severe alkaline phosphatase
toxicity (OR = 5.4, P = 0.043).

with the rest having progressive disease. At 6 mo,
7 patients had a partial response (23.3%), and 10
patients had stable disease (33.3%) with the rest
having progressive disease. Median overall survival for
all patients was 8.77 mo (95%CI: 6.43-11.11) from the
time of first treatment. Thirty-day mortality was 0%.

Radiographic response and overall survival

Radiographic response was assessed following 55
treatments at 3 mo and 30 treatments at 6 mo.
Response was not assessed for all patients due to
both early expiration and lack of radiographic followup at our institution since it serves as a tertiary referral
center. At 3 mo, 4 patients had a partial response
(7.3%), and 27 patients had stable disease (49.1%)
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DISCUSSION
90

Published studies on toxicities associated with Y
treatment have generally focused on their incidence.
While some have focused on univariate analysis
of factors predictive of increased toxicity rates,
multivariate analysis to account for interaction between
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these variables remains sparse. We performed this
retrospective analysis to further characterize predictors
of toxicity to aid in appropriate patient selection and
management. Although the majority of treatments
resulted in at least one toxicity, severe (grade ≥ 3)
toxicities occurred after 21.5% of our treatments (see
Table 2).
Although patients had PES following only 12.8%
of treatments, many others had symptoms consistent
with this syndrome but not ascribed to it. This
observation may help explain why some studies report
[8,9]
PES in few patients while others report PES in most .
Incidences of post-treatment ascites, jaundice, and
hepatic encephalopathy in our patients was consistent
[19-26]
with other studies
. Incidence of constitutional and
GI symptoms in the literature is variable, especially
[7,19,20,24,25,27]
[7,11,24,25,27,28]
for fatigue
, fever
, abdominal
[7,11,19-21,23-25,27,28]
[7,19,20,22,24,25,27,28]
pain
, and nausea
.
This variability likely proceeds from their subjectivity,
different thresholds for categorization, and variable
diligence in seeking and documenting evidence of
these toxicities. Table 3 compares the incidence of
severe toxicities among our patients with that available
in the literature, showing that our observed incidence
was representative of the literature except for severe
albumin toxicity.
In order to assess factors which may predict
development of severe toxicities, we performed a
multivariate analysis for each severe toxicity. However,
since records for clinical toxicities generally did not
indicate severity, only LFT toxicities were included.
However, we did find that each category of severe
toxicity was associated with the development of at
least one clinical toxicity (see Supplementary Table
3), suggesting the development of severe laboratory
toxicities is clinically relevant. Besides analyzing each
severe LFT toxicity individually, we also analyzed the
presence of any severe LFT toxicity as this represents
underlying post-treatment liver injury regardless of
mode. Despite our inability to analyze severe clinical
toxicities, each category of severe LFT toxicity was
associated with the development of at least 1 clinical
toxicity (see Supplementary Table 3), indicating that
these laboratory toxicities are clinically relevant. We
also did not include radiation-induced liver disease
(RILD) as an endpoint as patients were not clinically
assessed for the development of certain aspects of
RILD. Furthermore, as ascites is a necessary com
ponent of RILD and only 1 of our patients had ascites,
RILD was not present in enough patients to analyze.
Finally, this patient was already included in the analysis
of severe hepatic toxicities due to the development of
Grade 3 albumin toxicity. We included the MELD score,
[29]
as calculated using the UNOS modified formula ,
among our variables as an indicator of overall pretreatment liver function despite it not being validated
among this patient population as this is a widely
utilized metric of liver function.
Results of our multivariate analyses revealed

WJG|www.wjgnet.com

that pre-treatment laboratory values were important
predictors for the presence of post-treatment liver
[23]
injury. Goin et al
previously found pre-treatment
total bilirubin and increased liver doses to be associated
[30]
with liver toxicities. Another study
found increased
pre-treatment bilirubin and AST were both associated
with the development of RILD on univariate analysis.
Others have provided further support that increased
[13,31]
liver dose was associated with liver toxicities
and
[26]
RILD . Our binary logistic regression analysis found
only pre-treatment albumin levels < 3.4 gm/dL (OR
= 26.2, P = 0.010) or pre-treatment INR levels > 1.2
(OR = 17.7, P = 0.048) predicted development of any
severe LFT toxicity. Although increased pre-treatment
AST and total bilirubin were significant on univariate
analysis, neither were significant on multivariate
analysis, and multicollinearity excluded AST, demon
strating the need to assess factors significant on
univariate analysis with multivariate analysis. As our
patients were treated using the body surface area
method without post-treatment SPECT imaging,
accurate liver doses could not be determined and could
not be included in our analysis.
We further analyzed specific LFTs, including INR
and albumin, markers of severe dysfunction of the
[32-34]
liver’s biosynthetic capacity
. Although incidence of
post-treatment INR toxicities was only 1.4% and could
not be analyzed further, multivariate analysis of severe
albumin toxicity showed that pre-treatment AST level
> 40 units/L (OR = 7.4, P = 0.025) or pre-treatment
hemoglobin level < 11.2 gm/dL in women and < 13.4
gm/dL in men (OR = 12.5, P = 0.025) were predictors.
Another study found liver decompensation, including
INR toxicity, to be associated with pre-treatment Child[31]
Pugh Class B . Interestingly, no treatment in patients
with Class B had severe albumin toxicity in our study,
though this may be due to the low incidence of such
patients in our cohort.
We did not analyze markers of severe direct
[35]
hepatocellular injury, AST and ALT , due to their low
incidence; however, analysis of severe ALP toxicity, a
[36]
marker of cholestasis leading to liver injury
showed
colorectal adenocarcinoma histology to be associated
with severe ALP toxicity (OR = 5.4, P = 0.043). Of the
14 treatments with severe ALP toxicity, 11 occurred
in patients with colorectal adenocarcinoma (78.6%),
while none of the 23 treatments in patients with
neuroendocrine tumors or cholangiocarcinoma led to
severe ALP toxicity.
Multivariate analysis on severe total bilirubin
toxicity, a marker of the liver’s ability to transport
[37]
ions , revealed that increasing pre-treatment MELD
was associated with increased risk of toxicity (OR =
1.8, P = 0.033). Prior studies had found total bilirubin
[38]
toxicities could be predicted by both cirrhosis
and
[31]
Child-Pugh Class B . Since underlying cirrhosis was
an exclusion criterion, we are unable to comment on
its predictive ability. Child-Pugh class was not included
in multivariate analysis as it had a P = 0.462 on
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univariate.
Some may theorize that sequential bilobar treat
ments could complicate measurement of toxicities like
cirrhosis despite treatments being to different lobes,
but incidences of toxicities among our patients were
independent of whether patients received treatment
to a single lobe or to both (see Supplementary Table
2), and our analysis of severe toxicities revealed
each category of severe toxicity was independent
of treatment type. We also found that radiographic
response did not influence the development of severe
toxicities in any examined category (see Supple
mentary Table 1), indicating our results were not
dependent on tumor progression. However, even if
incidence of toxicities was overestimated due to inability
to differentiate between progression and toxicity, this
overestimation is also shared by other studies.
As with any retrospective study, a primary limitation
is unintentional bias. The retrospective nature of
our analysis prevented grading of clinical toxicities
not graded on initial follow-up. The heterogeneity
of our patient population reflects that of patients
90
treated with Y and reported elsewhere. Since our
institution serves as a referral center, some patients
were lost to follow-up, while incomplete follow-up was
available for others, potentially biasing our results.
Though clinicians may have had different thresholds
for recording toxicities, no obvious differences were
ascertained. While the small sample size of our
patients prevented us from performing more extensive
analysis of reported toxicities and prevented some
factors from being included in multivariate analysis, we
were able to perform substantive multivariate toxicity
analysis. Further analysis should be performed in a
larger cohort of patients both to validate our results
and to determine the predictive value of those factors
not included in our multivariate analysis. However,
even with these limitations, our study achieved its
primary objectives.
In conclusion, our multivariate analysis found that
patients with decreased pre-treatment albumin were
26.2 times and elevated pre-treatment INR were 17.7
times more likely to develop severe post-treatment
liver toxicity. Patients with decreased pre-treatment
hemoglobin were 12.5 times more likely to develop
post-treatment dysfunction of the liver’s biosynthetic
capacity, while patients with increased AST were 7.4
times more likely. Pre-treatment MELD was associated
with the development of total bilirubin toxicity, and
colorectal adenocarcinoma was associated with
development of indirect liver injury. Our results indicate
that clinicians should more carefully assess pretreatment laboratory values, particularly albumin, INR,
AST, and hemoglobin when determining the potential
90
risk of Y resin microsphere treatment and counseling
patients regarding expected severe toxicities and
the resultant quality of life. Clinicians should also
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have greater reservations when recommending Y
treatment to patients with colorectal adenocarcinoma
and elevated MELD scores due to risk for increased
toxicity. As such, our results provide a valuable
addition to the currently sparse literature regarding
multivariate analyses of predictors of severe toxicity
90
after administration of Y microspheres.
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COMMENTS
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Background

Beta-emitting yttrium-90 (90Y) microsphere brachytherapy is an important
modality for the treatment of unresectable primary or secondary hepatic
malignancies that preferentially delivers tumorcidal radiation to hepatic
malignancies while sparing normal liver parenchyma. This therapy is associated
with the development of both mild and severe toxicities. While many have
performed univariate analyses of factors predictive of increased toxicity rates,
multivariate analyses to account for interactions between these variables
remain sparse.

Research frontiers

Current research is seeking to determine which patients will benefit the most
from this therapy, including which ones are more likely to develop toxicities.

Innovations and breakthroughs

Goin et al have previously found pre-treatment total bilirubin and higher
liver doses to be associated with liver toxicities. Multiple other studies found
higher liver disease to be associated with liver toxicities and RILD. Others
found increased pre-treatment bilirubin and AST to be associated with
radiation-induced liver disease on univariate analysis. Another study found
liver decompensation, including INR toxicity, and total bilirubin toxicity to be
associated with pre-treatment Child-Pugh Class B. A final study found total
bilirubin toxicities to be associated with cirrhosis.

Applications

Clinicians should more carefully assess pre-treatment laboratory values,
particularly albumin, INR, AST, and hemoglobin when determining the potential
risk of 90Y resin microsphere treatment and counseling patients regarding
expected severe toxicities and the resultant quality of life. Furthermore,
clinicians should have greater reservations when recommending 90Y treatment
to patients with colorectal adenocarcinoma and elevated MELD scores due to
risk for increased toxicity. As such, current results provide a valuable addition
to the currently sparse literature regarding multivariate analyses of predictors
of severe toxicity after administration of 90Y microspheres. Prospective studies
should also be performed to validate the results of this study.

Terminology
90

Y microspheres are a type of beta-emitting brachytherapy. Patients with lung
shunts > 10% require dose reductions in order to limit the risk of developing
radiation pneumonitis. MELD score was based on the UNOS modified formula
to provide an indication of underlying liver disease.

Peer-review

This manuscript is a well-designed and well-written study detailing variables
associated with the development of severe toxicities.
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Abstract

Institutional review board statement: The study was
reviewed and approved by the Oita University Institutional
Review Board.

AIM: To explore the impact of body mass index
(BMI) on surgical outcomes in patients undergoing
laparoscopic liver resection (LLR).

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.

METHODS: From January 2010 to February 2015,
sixty-eight patients who underwent primary partial liver
resection in our institute were retrospectively reviewed.
Surgical outcomes of LLR were compared with those
of open liver resection (OLR). In addition, we analyzed
associations with BMI and surgical outcomes.
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Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at ucchy@
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RESULTS: Among 68 patients, thirty-nine patients
underwent LLR and 29 were performed OLR. Signi
ficant difference in operation time, blood loss, and
postoperative hospital stay was observed. There
were no significant differences in mortality and
morbidity in two groups. Twenty-two patients (32.4%)
were classified as obese (BMI ≥ 25). A statistically
significant correlation was observed between BMI
and operation time, between BMI and blood loss in
OLR, but not in LLR. The operation time and blood
loss of OLR were significantly higher than that of LLR
in obese patients. Open liver resection and BMI were
independent predictors for prolonged operation time
and increased blood loss in multivariate analysis.
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CONCLUSION: The present study demonstrated that
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BMI had influenced to surgical outcomes of OLR. LLR
was less influenced by BMI and had great benefit in
obese patients.

even in obese patients, including cholecystectomy,
[16-18]
gastrectomy and colectomy
. The impact of obesity
on the outcomes of laparoscopic liver resection (LLR),
however, still remains a controversial matter as on the
outcomes of open liver resection (OLR).
The aim of this study was to evaluate the surgical
outcomes of LLR in obese/non-obese patients and OLR
in obese/non-obese patients to clarify the benefit of
LLR in obese patients.

Key words: Laparoscopic liver resection; Obesity; Body
mass index; Prolonged operation time; Increased blood
loss
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study presented the correlation between
body mass index (BMI) and surgical outcomes of 68
cases performed laparoscopic liver resection (LLR) and
open liver resection (OLR). A statistically significant
correlation was observed between BMI and operation
time, between BMI and blood loss in OLR, but not in
LLR. Open liver resection and BMI were independent
predictors for prolonged operation time and increased
blood loss in multivariate analysis. LLR in obese patients
was safe and had great benefit without prolonged
operation time and increased blood loss.

MATERIALS AND METHODS
Patients characteristics and classification according to
BMI

We retrospectively reviewed medical data from charts
and surgical records of 255 patients who underwent
liver resection at the Department of Gastroenterological
and Pediatric Surgery, Oita University Faculty of
Medicine, Oita, Japan, from January 2010 through
February 2015. During the period, partial liver
resection was performed in 111 patients. The patients
with repeat liver resection (n = 24) and had multiple
site of liver resections (n = 19) were excluded. Finally,
we reviewed the records of 68 patients. The patients
were divided into following two groups: an OLR group,
performed until September 2012, and a LLR group,
performed after October 2012.
We compared clinical parameters and surgical
outcomes between the two groups. The correlation
between body mass index (BMI) and surgical outcomes
in each group was also investigated. Each patient’s height
and weight were measured preoperatively, and BMI
2
(kg/m ) was calculated as the weight (in kg) divided
by the height squared (in m). According to the World
health Organization, body weight was divided into
three type; underweight (BMI < 18.5), normal weight
(BMI 18.5-24.9), over weight (BMI 25.0-29.9), and
[19]
obese (BMI > 30) . In Japan, BMI ≥ 25 is considered
as obese based on the definition by the Japan
Society for the Study of Obesity and World Health
[20]
Organization expert consultation . In the present
study, we defined patients with BMI ≥ 25 as obesity.
We also used the difficulty scoring system for LLR. The
difficulty was scored by the extent of liver resection,
tumor location, tumor size, liver function, and tumor
[21]
proximity to major vessels, as described previously .

Uchida H, Iwashita Y, Saga K, Takayama H, Watanabe K, Endo
Y, Yada K, Ohta M, Inomata M. Benefit of laparoscopic liver
resection in high body mass index patients. World J Gastroenterol
2016; 22(10): 3015-3022 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i10/3015.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i10.3015

INTRODUCTION
[1,2]

Obese patients have been increasing worldwide .
They have multiple co-morbidities such as diabetes
[3,4]
mellitus, dyslipidemia and cardiovascular disease .
Obesity induce various liver diseases, including
fatty liver, ranging from steatosis to non-alcoholic
steatohepatitis (NASH). NASH induce liver cirrhosis and
[5,6]
hepatocellular carcinoma (HCC) with it progress .
Moreover, obesity is known as independent risk factor
[6,7]
for several malignancies, including liver cancer .
Regarding the surgical outcomes of liver resection for
obesity patients, some studies showed obesity to be
a significant predictor of an adverse postoperative
[8,9]
course after liver resection . However, other studies
have demonstrated that obesity did not increase the
[10]
risk of morbidity .
Laparoscopic surgery has several advantages,
such as less destruction of abdominal wall, early post
operative recovery and less postoperative morbidity
[11,12]
as compared to open surgery
. More than thirty
years ago, obesity had been generally regarded as a
contraindication for laparoscopic surgery because of
[13]
associated technical difficulties . Approximately ten
years ago, several reports had suggested obesity as a
[14,15]
risk factor in conversion
. Recently, it comes to be
reported that laparoscopic surgery brings good results

WJG|www.wjgnet.com

Surgical procedure

The surgical technique of LLR has been described pre
[22]
viously . Ultrasonography was routinely performed to
confirm the tumor. Liver parenchyma transection was
performed by the combination of a cavitation ultrasonic
surgical aspirator, ultrasonic scalpel, and monopolar
soft coagulation system. OLR was performed with
same positioning and with same devises during liver
parenchyma transaction under intermittent Pringle
maneuver.
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Correlation between BMI and surgical outcomes

Table 1 Comparison of patients’ characteristics and surgical
outcomes n (%)

NS
NS
NS
NS

6 (20.7)
0
23.9 ± 3.9
27.6 ± 11.6

Correlation between BMI and surgical outcomes using
Pearson’s rank correlation test are shown in Figure 1.
Significant correlations were found in the OLR group
between BMI and operation time (R = 0.432, P =
0.019; Figure 1A) and between BMI and blood loss (R
= 0.573, P = 0.001; Figure 1B). Otherwise, in the LLR
group correlation between BMI and operation time was
not significant (R = 0.209, P = 0.201; Figure 1C) and
between BMI and blood loss also was not significant (R
= 0.156, P = 0.344; Figure 1D).

NS
NS

Association with obesity and surgical outcomes in each
group

226.1 ± 117.2
109.3 ± 162.0
12.8 ± 10.4

292.8 ± 86.7
406.9 ± 425.6
23.6 ± 30.1

0.009
0.001
0.042

4 (10.2)
0
3
1/0
0
0
1 (2.7)

7 (24.1)
1
4
1/1
0
0
2 (6.9)

NS

LLR (n = 39) OLR (n = 29) P value
Age (yr)
Sex (Male/Female)
HBV
HCV
Diagnosis
Hepatocellular carcinoma
Intrahepatic
cholangiocarcinoma
Metastatic liver tumor
Hemangioma
Body mass index (kg/m2)
Tumor size (mm)
Surgical outcome
Operation time (min)
Blood loss (mL)
Postoperative hospital stay
(d)
Overall morbidity
Grade Ⅰ
Grade Ⅱ
Grade Ⅲ (a/b)
Grade Ⅳ
Grade Ⅴ
Bile leakage

69.4 ± 10.2
26/13
6 (15.4)
19 (48.7)

68.3 ± 8.1
22/7
4 (13.8)
13 (44.8)

33 (84.6)
2 (5.1)

22 (75.9)
1 (3.4)

2 (5.1)
2 (5.1)
24.1 ± 4.1
27.3 ± 14.5

In LLR group, twelve of 39 patients were high BMI
(BMI ≥ 25). No significant differences in age, sex, viral
status, tumor size, or preoperative laboratory data
between obese patients and non-obese patients were
found in LLR group. There was no significant difference
in the operation time between non-obese patients
and obese patients in the LLR group. Similarly, the
blood loss of non-obese patients was not significantly
different from that of obese patients. There were no
significant differences in the incidence of postoperative
complication among BMI in patients performed
LLR. Distribution of difficulty score was not different
between patients that were high BMI and patients that
were not (data not shown). In the non-obese patients,
LLR required a similar operation time, whereas
operation time in LLR group was significantly shorter
than that in OLR group in the obese patients (Figure
2A). Blood loss was significantly lower than that of OLR
in the non-obese and obese patients (Figure 2B).
In OLR group, ten of 29 patients were high BMI
(BMI ≥ 25). There were no differences in patients’
characteristics between non-obese patients and obese
patients who underwent OLR unless all obese patients
were male.

NS

LLR: Laparoscopic liver resection; OLR: Open liver resection.

Statistical analysis

All variables are expressed as mean ± SD for
continuous data and as number with percentages for
categorical data. Statistical analysis was performed
using Student’s t for continuous variables and χ ² test
for categorical variables. The correlation between
continuous variables was investigated by Pearson’s rank
correlation. Multivariate logistic regression analyses
were performed to identify predictors associated
with prolonged operation time and increased blood
loss. In these analyses, the cutoff point for operation
time and blood loss was determined using receiver
operating characteristic (ROC) curve analysis. Statistical
significance was set at P < 0.05. All statistical analyses
were performed using SPSS for Windows software
(IBM-SPSS, Inc., Chicago, IL, United States).

Comparison between LLR and OLR in obese patients

In comparison between LLR and OLR in obese
patients, there were similar in age, virus status, and
preoperative laboratory data between LLR and OLR in
obese patients, while gamma-GTP was significantly
higher in the OLR group (Table 2). The operation time
and blood loss of obese patients were significantly
lower in LLR group. There was no significant difference
in the incidence of complication between LLR and OLR.

RESULTS
Patient characteristics

Among those 68 patients, thirty-nine underwent LLR
and 29 were performed OLR. Patients’ characteristics
and surgical outcomes are shown in Table 1. Patients’
characteristics were similar between the two groups.
There were no open conversions in LLR group. LLR
had lower operation time and blood loss than OLR,
+
significantly. LLR had also lower postoperative hospital
stay than OLR. There were no significant differences in
morbidity rate between the two groups.

WJG|www.wjgnet.com

Independent predictive factors for prolonged operation
time and increased blood loss

Cutoff point of prolonged operation time was 200
minutes using ROC curving analysis. Univariate analysis
showed BMI, OLR, tumor size, and ICG to be factors
indicative of prolonged operation time. Multivariate
analysis demonstrated that OLR [P < 0.001, Odds
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Figure 1 Scatter plot. A: Scatter plot showed the relationship between BMI and operation time in open liver resection; B: Scatter plot showed the relationship
between BMI and blood loss in open liver resection; C: Scatter plot showed the relationship between BMI and operation time in laparoscopic liver resection; D: Scatter
plot showed the relationship between BMI and blood loss in laparoscopic liver resection. BMI: Body mass index.

ratio (OR) = 16.244, 95%CI: 3.648-72.340], BMI (P =
0.024, OR = 1.259, 95%CI: 1.031-1.538), and tumor
size (P = 0.047, OR = 1.056, 95%CI: 1.001-1.114)
were independent predictive factors for prolonged
operation time in all patients (Table 3).
In the analysis of increased blood loss, cutoff point
was 215ml using ROC curving analysis. There were
significant difference in OLR, BMI, prothrombin time
(PT), and indocyanine green (ICG) test for increased
blood loss using univariate analysis. Multivariate
analysis showed that OLR (P < 0.001, OR = 27.736,
95%CI: 5.926-129.811), BMI (P = 0.035, OR = 1.233,
95%CI: 1.015-1.498), and PT (P = 0.030, OR = 0.947,
95%CI: 0.902-0.995) were independent predictive
factors for increased blood loss significantly (Table 4).
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DISCUSSION
Obese patients are predisposed to the development
of various disease including diabetes mellitus,
hypertension, coronary heart disease, airway
[6,7,23]
obstruction and certain types of malignant tumors
.
The real impact of obesity on the postoperative
outcomes of surgical procedures was a controversial
matter although obese patients are potentially at
risk for poor outcomes of a wide variety of surgical
[24,25]
procedures
. In liver resection, increased surgical
risk was expected for obese patients underwent
liver resection because of associated co-morbidities,
underlying liver disease, and technical difficulties.
However, recent reports had not demonstrated an
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Figure 2 Surgical approach in obese and non-obese patients. A: Comparison of operation time according to the surgical approach in obese and non-obese
patients; B: Comparison of blood loss according to the surgical approach in obese and non-obese patients.
[14,15]

to raise the risk of conversion to laparotomy
.
However, some reports showed that obesity did not
have an adverse impact on the technical difficulty and
[18,29]
postoperative outcomes of laparoscopic colectomy
.
There were several reports of obesity in laparoscopic
gastrectomy and laparoscopic cholecystectomy and
[16,17]
results were similar to laparoscopic colectomy
.
Over the last decade, the number of LLR has
rapidly increased. An indication of LLR has been
[30,31]
extended to major liver resection
. With advances
in instruction and technique, LLR had been performed
[32]
safely. Nguyen et al
summarized that LLR was safe
with acceptable morbidity and mortality for minor and
major liver resection. Furthermore, the survival rate
after LLR for hepatic malignancies was not inferior
[30-32]
to that of open liver resection
. There were few
reports have indeed analyzed the impact of obesity
on the postoperative outcomes of patients undergoing
LLR although LLR is considered as a safe and effective
procedure for the management of surgical liver
[33,34]
[33]
disease
. Toriguchi et al
reported that LLR in
obese patients resulted in decreased intraoperative
blood loss and shorter postoperative hospital stay
[34]
compared with OLR. And Nomi et al
demonstrated
that BMI did not negatively affect the postoperative
short-term outcomes. Similar to OLR, it is not clear
whether LLR is safe and feasible for obese patients.
In the present study, our results suggested that
LLR in obese patients could be performed as safely as
non-obese patients with the same risk of postoperative
complication and with lower operation time and blood

Table 2 Comparison of patients’ characteristics and surgical
outcomes in patients with obesity
LLR (n = 12)
Patients’ characteristics
Age
Sex (Male/Female)
HBV
HCV
Body mass index (kg/m2)
Tumor size (mm)
Liver weight (g)
Surgical outcome
Operation time (min)
Blood loss (mL)
Postoperative hospital stay
(d)
Complication, n (%)
Biloma

OLR (n = 10) P value

70.5 ± 9.4
7/5
1
7
29.0 ± 3.7
23.8 ± 8.7
47.1 ± 35.5

67.1 ± 6.2
10/0
2
2
28.2 ± 2.3
26.0 ± 11.6
60.8 ± 61.2

NS
0.020
NS
NS
NS
NS
NS

241.3 ± 97.6
128.3 ± 193.1
11.6 ± 3.3

346.7 ± 83.8
635.5 ± 655.1
20.8 ± 15.4

0.014
0.039
0.094

1 (8.3)
0

1 (10)
0

NS
NS

LLR: Laparoscopic liver resection; OLR: Open liver resection.

[10,26,27]

increased risk of liver resection in obese patients
.
[10]
Utsunomiya et al
reported that obesity alone might
not have an adverse effect on the surgical outcomes
[28]
of patients with primary HCC. Viganò et al
showed
that severe morbidity rate and mortality were similar
to between obese and non-obese patients, even in
cirrhosis or after major liver resection.
Laparoscopic surgeries for obese patients were
considered as difficult because of limited visualization
of surgical fields with cumbersome fat tissue. In
laparoscopic colectomy, obesity has been reported

WJG|www.wjgnet.com
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Table 3 Univariate and multivariate analysis on prolonged operation time
Operation time
Number of patients
Age (yr)
Sex (Male/Female)
Body mass index (kg/m2)
HBV
HCV
Open liver resection < 0.001
Tumor size (mm)
Total bilirubin (mg/dL)
Albumin (g/dL)
Prothrombin time (%)
Indocyanine green (%)
Aspartate transaminase (U/L)
Alanine transaminase (U/L)
γ-glutamy transpeptidase (U/L)
Alkaline phosphatase (U/L)
Cholinesterase (U/L)
White blood cell (/mm3)
Hemoglobin (g/dL)
Hematocrit (%)
Platelet count (× 103/mm3)

Univariate

< 200

≥ 200

P value

25
71.5 ± 8.4
16/9
22.7 ± 2.6
2
12
3
23.3 ± 9.9
0.77 ± 0.28
3.94 ± 0.59
101.4 ± 21.9
11.8 ± 11.1
36.8 ± 20.5
30.2 ± 22.8
57.5 ± 48.3
315.6 ± 109.9
176.6 ± 127.0
4342 ± 1383
12.8 ± 1.9
36.9 ± 7.3
14.5 ± 7.7

43
67.4 ± 9.6
32/11
24.8 ± 4.5
8
20
26
29.8 ± 14.4
0.79 ± 0.31
3.91 ± 0.46
98.2 ± 17.2
18.9 ± 14.8
39.1 ± 20.9
33.3 ± 22.3
64.8 ± 51.3
306.0 ± 105.5
188.5 ± 115.3
4638 ± 1748
13.1 ± 2.1
39.0 ± 5.6
13.2 ± 6.0

0.082
0.363
0.019
0.304
0.906
< 0.001
0.049
0.829
0.848
0.508
0.042
0.669
0.596
0.567
0.725
0.649
0.470
0.598
0.185
0.433

Multivariate

P value

0.024

< 0.001
0.047

OR (95%CI)

1.259 (1.031-1.538)

16.244 (3.648-72.340)
1.056 (1.001-1.114)

LLR: Laparoscopic liver resection; OLR: Open liver resection.

Table 4 Univariate and multivariate analysis on increased blood loss
Blood loss
Number of patients
Age (yr)
Sex (Male/Female)
Body mass index (kg/m2)
HBV
HCV
Open liver resection
Tumor size (mm)
Total bilirubin (mg/dL)
Albumin (g/dL)
Prothrombin time (%)
Indocyanine green (%)
Aspartate transaminase (U/L)
Alanine transaminase (U/L)
γ-glutamy transpeptidase (U/L)
Alkaline phosphatase (U/L)
Cholinesterase (U/L)
White blood cell (/mm3)
Hemoglobin (g/dL)
Hematocrit (%)
Platelet count (× 103/mm3)

Univariate

< 215

≥ 215

P value

40
68.5 ± 10.1
26/14
23.1 ± 3.4
4
20
8
26.0 ± 11.4
0.76 ± 0.30
3.98 ± 0.55
103.2 ± 20.3
13.4 ± 10.7
34.3 ± 19.8
28.3 ± 19.6
52.6 ± 50.1
310.1 ± 107.1
178.9 ± 130.0
4339 ± 1540
12.8 ± 1.9
37.0 ± 6.5
14.7 ± 7.6

28
68.1 ± 4.5
22/6
25.3 ± 4.5
6
12
21
29.4 ± 15.5
0.81 ± 0.30
3.84 ± 0.43
93.9 ± 15.6
20.3 ± 16.9
43.9 ± 20.7
37.6 ± 25.2
75.7 ± 47.4
308.6 ± 107.3
191.6 ± 103.0
4802 ± 1716
13.4 ± 2.2
40.0 ± 5.7
12.3 ± 4.6

0.558
0.227
0.027
0.297
0.561
< 0.001
0.303
0.490
0.287
0.046
0.044
0.056
0.955
0.060
0.955
0.669
0.249
0.218
0.056
0.114

Multivariate

P value

0.035

< 0.001

0.030

OR (95%CI)

1.233 (1.015-1.498)

27.736 (5.926-129.811)

0.947 (0.902-0.995)

LLR: Laparoscopic liver resection; OLR: Open liver resection.

loss than that of non-obese patients. Additionally,
BMI significantly correlated with operation time and
blood loss in OLR, however, no such correlation was
demonstrated in LLR. Operation time and blood loss
of LLR in obese patients were not increased compared
with those of OLR in obese patients. In addition,
multivariate analysis showed that both BMI and OLR
were independent predictive factors for prolonged
operation time and increased blood loss. These result

WJG|www.wjgnet.com

suggested that LLR was less influenced by BMI, and
it was thought that LLR was suitable procedure for
not only non-obese patients but also obese patients.
However, there was a limitation in the present study.
A few patients in this study were classified as obese
2
(BMI ≥ 30 kg/m ) according to the WHO classification.
Therefore, whether or not the present study was
applicable to the group including many obese patients
was still not clear and needs to be determined in future
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9

studies.
In conclusion, it was found that BMI was correlated
with operation time and blood loss in OLR, but not in
LLR. Therefore, LLR was less influenced by BMI and
had a greater benefit in obese patients.

10
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Abstract
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AIM: To determine the discriminatory performance
of fatty liver index (FLI) for non-alcoholic fatty liver
disease (NAFLD).

Institutional review board statement: This study was reviewed
and approved by the Gastrointestinal and Liver Disease Research
Center Review Board.

METHODS: The data of 5052 subjects aged over 18
years were analyzed. FLI was calculated from body
mass index, waist circumference (WC), triglyceride,
and gamma glutamyl transferase data. Logistic
regression analysis was conducted to determine the
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association between FLI and NAFLD. The discriminatory
performance of FLI in the diagnosis of NAFLD was
evaluated by receiver operating characteristic analysis.
Area under the curves (AUCs) and related confidence
intervals were estimated. Optimal cutoff points of FLI in
the diagnosis of NAFLD were determined based on the
maximum values of Youden’s index.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a chronic
condition characterized by the accumulation of fat in
the liver in the absence of other causes of steatosis,
[1]
including excess consumption of alcohol or drugs .
The prevalence of this condition in western countries
varies from 20% to 30% depending on applied
diagnostic tools, the population under study, and
[2]
related definitions . Although still lower than that
found in western countries, there is an increasing trend
in NAFLD prevalence in Asian countries, due to the
recent increase in the incidence of obesity, metabolic
[3]
syndrome, and diabetes type 2 . Additionally, while
the prevalence of NAFLD is estimated to be 15%-20%
in the general Asian population, one populationbased study on adults in northern Iran resulted in an
[3,4]
incidence of almost 44% . NAFLD can lead to a wide
range of clinical conditions, from simple steatosis to
[5-9]
cirrhosis, or even hepatocellular carcinoma .
Although the two most common methods used in
the diagnosis of fatty liver are histologic methods and
imaging procedures, no single diagnostic procedure
has been shown to be reliable enough in the diagnosis
[10-12]
of fatty liver
. Despite liver biopsy being the gold
standard procedure for the diagnosis of NAFLD, it is an
invasive and expensive tool that has some health risks
[11-14]
and economic costs
.
Recently, a number of indices were introduced to
[15-18]
diagnose NAFLD that consist of simple measures
.
Fatty liver index (FLI) is one of these indices developed
as a convenient tool based on body mass index (BMI),
waist circumference (WC), triglyceride (TG), and
[18]
gamma glutamyl transferase (GGT) levels . In one
previous study, this index showed good predictive
performance in the diagnosis of NAFLD, with an AUC
[19]
of 0.813 . When a diagnostic tool displays accurate
predictive capability, it is important that an optimal
cutoff point is determined. To the best knowledge
of the authors, no such study has been conducted
among the Iranian population. Therefore, this study
was carried out to assess the discriminatory ability of
FLI in the diagnosis of NAFLD among a population in
northern Iran, as well as to propose an optimal cutoff
point for FLI.

RESULTS: The mean age of men and women in the
study population were 44.8 ± 16.8 and 43.78 ± 15.43,
respectively (P = 0.0216). The prevalence of NAFLD
was 40.1% in men and 44.2% in women (P < 0.0017).
FLI was strongly associated with NAFLD, so that even
a one unit increase in FLI increased the chance of
developing NAFLD by 5.8% (OR = 1.058, 95%CI:
1.054-1.063, P < 0.0001). Although FLI showed good
performance in the diagnosis of NAFLD (AUC = 0.8656
(95%CI: 0.8548-0.8764), there was no significant
difference with regards to WC (AUC = 0.8533, 95%CI:
0.8419-0.8646). The performance of FLI was not
significantly different between men (AUC = 0.8648,
95%CI: 0.8505-0.8791) and women (AUC = 0.8682,
95%CI: 0.8513-0.8851). The highest performance with
regards to age was related to the 18-39 age group (AUC
= 0.8930, 95%CI: 0.8766-0.9093). The optimal cutoff
points of FLI were 46.9 in men (sensitivity = 0.8242,
specificity = 0.7687, Youden’s index = 0.5929) and 53.8
in women (sensitivity = 0.8233, specificity = 0.7655,
Youden’s index = 0.5888).
CONCLUSION: Although FLI had acceptable discri
minatory power in the diagnosis of NAFLD, WC was
a simpler and more accessible index with a similar
performance.
Key words: Non-alcoholic fatty liver disease; Fatty liver
index; Waist circumference; Body mass index; Optimal
cutoff points; Discriminatory performance
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study was carried out to evaluate
the discriminatory capability of fatty liver index in the
diagnosis of non-alcoholic fatty liver disease (NAFLD)
among the general population of northern Iran. Our
results showed that the chance of NAFLD occurrence
was increased by 5.8% after a one unit increase in fatty
liver index (FLI). Although we found that FLI has good
discriminatory power, its capability was not superior to
that of waist circumference.

MATERIALS AND METHODS
Study participants

Of 6140 participants in a baseline cohort study
conducted among individuals aged between 10 and 90
years-of-age, data from 5052 participants aged 18 or
older were analyzed in the present study. The baseline
study was carried out in Amol, a densely-populated
city in northern Iran. Local health centers, where
almost all study participants had health record files,
were used to collect the data. Sampling for the cohort
[20]
study is explained elsewhere . A schematic diagram

Motamed N, Sohrabi M, Ajdarkosh H, Hemmasi G, Maadi M,
Sayeedian FS, Pirzad R, Abedi K, Aghapour S, Fallahnezhad M,
Zamani F. Fatty liver index vs waist circumference for predicting
non-alcoholic fatty liver disease. World J Gastroenterol 2016;
22(10): 3023-3030 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i10/3023.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i10.3023
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of study participants and exclusion criteria is shown in
Figure 1.

recorded as the first appearance and disappearance of
Korotkoff sounds, respectively.
A venous blood sample was drawn from each
participant following 12-h fasting to assess fasting
blood sugar (FBS) and lipid profiles. All tests, including
FBS, triglycerides (TGs), high-density lipoprotein (HDL),
low-density lipoprotein, and cholesterol were assessed
enzymatically using the BS200 Auto analyzer (Mindray,
China). Screening tests for hepatitis B and C viral
markers, as well as for autoimmune hepatitis, were
performed.
Ten percent of the blood samples were evaluated
by the Iranian National Reference Laboratory, with the
coefficients of variation being between 1.7% and 3.8%
of all laboratory values.
NAFLD was determined via evidence of hepatic
steatosis in the sonogram and a lack of evidence of
other causes of acute or chronic hepatitis. Evidence of
secondary hepatic fat accumulation, such as significant
alcohol consumption, use of steatogenic medication,
or hereditary disorders, was also used to determine
NAFLD.
All ultrasound examinations were carried out by a
single sonographer who was an expert in the field of
radiology. A 3-5 MHz transducer was used to examine
the liver parenchyma and thereby provide sagittal,
longitudinal, lateral, and intercostal views. Steatosis
was confirmed if a marked increase of hepatic
echogenicity was diagnosed or if the hepatic vessels
and diaphragm appeared abnormal.
Homeostasis model assessment-insulin resistance
(HOMA-IR) was calculated based on the following
formula:
HOMA-IR = [insulin (mU/mL) × Glucose (mg/dL)]/405
FLI was calculated based on laboratory and
anthropometric measures, including TG, GGT, BMI,
and WC, by using the following formula:
0.953 × ln (TG) + 0.139 × BMI + 0.718 × ln (GGT) + 0.053 × WC - 15.745
FLI = [e
0.953 × ln (TG) + 0.139 × BMI + 0.718 × ln (GGT) + 0.053 × WC - 15.745
/(1 + e
)]
× 100

Data collection

Statistical analysis

7104 subjects aged 10-90 yr
were selected to participate in
the cohort study

808 subjects did not agree to
participate in the study

6296 subjects agree

153 pregnant women were
excluded

6143 subjects 10-90 yr were
included in the cohort study

346 subjects < 18 were
excluded

5797 subjects of cohort
study were ≥ 18 yr

486 subjects were excluded
due to a history of excessive
alcohol consumption, a
positive test of HBsAg and
Anti-HCV Ab and regular
consumption of drugs
associated with fatty liver
disease

5311 subjects were included
in the present study

The data of 259 subjects
were not appropriate for
analysis in the present study

Finally the data of 5052
subjects were analyzed

Figure 1 Schematic diagram of study participants and exclusions criteria.

Weight, height, waist circumference, hip circumference,
and blood pressure were measured in health centers,
where trained healthcare staff members were re
sponsible for data collection. Height was measured
while the participants were standing with their
heels and buttocks pressed up against a wall. Waist
circumference was determined at the midpoint
between the lowest costal ridge and the upper border
of the iliac crest. The largest circumference between
waist and knee was determined as hip circumference.
Measurements were performed with a non-stretchable
and accurately calibrated scale with 0.5 cm precision.
Blood pressure was measured, after a minimum
5-min rest period in a quiet room, with the use of a
fitted cuff while participants were in the sitting position
with their back supported and legs uncrossed. Systolic
and diastolic blood pressures were determined and

WJG|www.wjgnet.com

The capability of FLI to discriminate between subjects
with and without NAFLD was evaluated using receiver
operating characteristic (ROC) curve, for which the
sensitivity of infinite decision thresholds of FLI was
plotted against their false positive rates and thus the
related areas under the curves (AUCs) were calculated.
The lower boundary line for AUC was considered to be
0.5, with a significantly greater area than 0.5 showing
some ability of FLI to discriminate between patients
with and without NAFLD. The optimal cutoff point of
FLI was also determined using maximal values of
Youden’s J statistics [max (J = sensitivity + specificity
- 1)]. The value of FLI corresponding to a maximum
value of the Youden’s index was considered the optimal
cutoff point for FLI.
Multivariable logistic regression analysis was
conducted on NAFLD as an outcome variable alongside
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Table 1 Anthropometric characteristics and laboratory values
of participants (mean ± SD)

Age (yr)
Weight (kg)
Height (cm)
WC (cm)
DBP (mmHg)
SBP (mmHg)
MAP (mmHg)
BMI (kg/m2)
mean ± SD
Prevalence of
BMI ≥ 30 (%)
TG (mg/dL)
HDL (mg/dL)
Cholesterol
ALT (U/L)
AST (U/L)
GGT (U/L)
FBS
Insulin (mU/L)
HOMA-IR
FLI

Men (n = 2860) Women (n = 2192) P value
44.77 ± 16.77
76.70 ± 15.05
169.94 ± 8.02
90.76 ± 12.32
76.61 ± 12.69
117.42 ± 15.76
90.22 ± 12.90

43.78 ± 15.43
72.60 ± 14.36
156.40 ± 7.05
91.55 ± 13.89
75.82 ± 13.05
115.42 ± 17.60
89.01 ± 13.62

0.0216
< 0.0001
< 0.0001
0.0199
0.0191
< 0.0001

1.00

0.75

29.65 ± 5.67
47.3 (45.4-49.3)

145.55 ± 98.25
43.37 ± 11.48
178.49 ± 41.95
26.46 ± 19.04
23.98 ± 12.65
29.90 ± 28.61
98.62 ± 29.86
8.87 ± 6.74
2.19 ± 1.90
45.76 ± 28.93

141.12 ± 95.99
46.42 ± 12.08
189.47 ± 43.20
19.59 ± 14.03
19.98 ± 9.71
25.62 ± 21.64
103.98 ± 41.30
10.36 ± 6.88
2.72 ± 2.45
52.24 ± 29.87

BMI:AUC = 0.8461
GGT:AUC = 0.7094

0.25

FLI:AUC = 0.8648
0.00
0.00

0.0966
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI:
Body Mass Index; DBP: Diastolic blood pressure; GGT: Gamma glutamyl
transferase; FBS: Fasting blood sugar; FLI: Fatty liver index; HDL: Highdensity lipoprotein; HOMA-IR: Homeostasis Model Assessments-insulin
resistance; LDL: Low-density lipoprotein; MAP: Mean arterial pressure;
SBP: Systolic blood pressure; SD: Standard deviation; TG: Triglyceride;
WC: Waist circumference.

B

1.00

0.75

0.25

0.50
0.75
False-positive rate

0.50

1.00

WC:AUC = 0.8556
BMI:AUC = 0.8260
GGT:AUC = 0.6864

0.25

TG:AUC = 0.6845
FLI:AUC = 0.8682
0.00
0.00

0.25

0.50
0.75
False-positive rate

1.00

Figure 2 Receiver operating characteristic curves of fatty liver index
and their related components. A and B were related to men and women,
respectively. Red color dash pattern curve was related to WC, yellow color solid
pattern curve was related to BMI, blue color dot pattern curve was related to
GGT, purple color long dash 3-dot pattern curve was related to TG, and lime
color dash dot pattern curve was related to FLI. BMI: Body mass index; FLI:
Fatty liver index; GGT: Gamma glutamyl transferase; TG: Triglyceride; WC:
Waist circumference.

additional relevant predictor variables. Five potential
predictor variables, including age, gender, MAP, HDL,
and the HOMA-IR test were entered into the model in
addition to FLI. In the multivariable model, Cox and
2
2
Snell’s R , as well as Nagelkerke’s R , were calculated
to determine how much NAFLD variance could be
explained by the model. The Hosmer-Lemeshow test
was used to evaluate the adequacy or suitability of the
model. The odds ratio and related confidence intervals
were reported along with P values. The significance
level for all analyses was considered to be 0.05. All
statistical analyses were conducted using version 21
of SPSS Inc., Chicago statistical software and STATA
software, version 12 (StataCorp, Texas, United States).

capability was related to the 18-40 age group (AUC
= 0.8930, 95%CI: 0.8766-0.9093), while the lowest
accuracy was related to the 40-60 age group (AUC =
0.8293, 95%CI: 0.8095-0.8492). The AUC for the ≥
60 age group was 0.8403 (95%CI: 0.8124- 0.8683).
Although the predictive performance of FLI was
significantly higher than BMI (AUC of BMI = 0.8258,
95%CI: 0.8139-0.8378), TG (AUC of TG = 0.6840,
95%CI: 0.6676-0.7004), and gamma glutamyl
transferase (GGT) (AUC of GGT = 0.6927, 95%CI:
0.6772-0.7081), with P < 0.0001, no significant
difference was detected between the performance
of FLI and WC (AUC of WC = 0.8533, 95%CI:
0.8419-0.8646). Figure 2 shows the related ROC
curves for FLI, WC, BMI, TG, and GGT in both men and
women.
Gender-based optimal cutoff points of FLI were also
obtained for FLI in the diagnosis of NAFLD. The optimal
cutoff points of FLI were 46.9 in men (sensitivity =
0.8242, specificity = 0.7687, Youden’s index = 0.5929)
and 53.8 in women (sensitivity = 0.8233, specificity =
0.7655, Youden’s index = 0.5888).

RESULTS
Table 1 shows the mean age, anthropometric cha
racteristics, and laboratory values of the study
participants. Significant differences were reported
between the two sexes for all variables except TG.

Results of ROC curve analysis

In the total population, the AUC of FLI in the diagnosis
of NAFLD was 0.8656 (95%CI: 0.8548-0.8764), in
which no significant difference was detected between
men (AUC = 0.8648, 95%CI: 0.8504-0.8791) and
women (AUC = 0.8682, 95%CI: 0.8513-0.8851).
Analysis by age group showed that the greatest

WJG|www.wjgnet.com

WC:AUC = 0.8648

TG:AUC = 0.6848

< 0.0001
26.46 ± 4.60
21.6 (20.2-23.0)

0.50

True-positive rate (ROC)

Characteristics

A
True-positive rate (ROC)
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Table 2 Results of univariable and multivariable logistic regression analysis, including Wald tests, related P value, and odds ratios
Variables

Univariable logistic regression

Age
Gender
MAP
HOMA-IR
HDL
FLI

Multivariable logistic regression

Wald test

P value

Odds ratio and CI

Wald test

P value

Odds ratio

408.6
9.828
476.4
364.3
273.7
1148.9

< 0.001
0.002
< 0.001
< 0.001
0.001
< 0.001

1.037 (1.033-1.040)
1.183 (1.065-1.315)
1.052 (1.047-1.057)
1.408 (1.359-1.4457)
0.959 (0.954-0.964)
1.061 (1.058-1.065)

56.700
9.020
9.225
2.402
1.381
722.5

< 0.001
0.003
0.002
0.121
0.240
< 0.001

1.022 (1.016-1.028)
0.764 (0.641-0.911)
1.011 (1.004-1.018)
1.036 (0.991-1.084)
1.005 (0.997-1.013)
1.058 (1.054-1.063)

CI: Confidence interval; FLI: Fatty liver index; HDL: High-density lipoprotein; HOMA-IR: Homeostasis Model Assessments- insulin resistance; MAP: Mean
arterial pressure.

hand, Hosmer-Lemeshow test (χ = 14.476, df = 8 and
P = 0.07) indicated that a significant difference could
not be established between observed and expected
frequencies, thereby confirming the adequacy and
suitability of our proposed model. After removing the
effects of other predictors in the multivariable model,
age (P < 0.001), gender (P = 0.002), MAP (P = 0.002),
and FLI (P < 0.001) were significantly associated with
NAFLD. FLI was highly associated with NAFLD, to the
point that even a one-unit increase in FLI increased the
chance of NAFLD occurrence by 5.8%. The odds ratios
of the other predictor variables are shown in Table 2.
Table 3 shows the prevalence of NAFLD and high
FLI, with the latter being calculated based on our study
cutoff points; the second and third columns of the
table are related to the prevalence of NAFLD and high
FLI. Although an increasing trend of NAFLD prevalence
among women was detected according to age, among
men the prevalence was highest in the 40-59 age
group. We observed a similar pattern for high FLI.
2

Table 3 Prevalence of non-alcoholic fatty liver disease and a
high fatty liver index by sex and age groups
Population

Prevalence of NAFLD Prevalence of NAFLD
1
(%)
High FLI (%)

Men
Total men (n = 2860)
18-39 (n = 1136)
40-59 (n =1124)
≥ 60 (600)
Women
Total women(n =2192)
18-39 (n = 902)
40-59 (n = 900)
≥ 60 (390)

40.1 (38.4-41.8)
27.3 (24.9-29.7)
50.6 (47.8-53.3)
44.6 (40.9-48.3)

48.1 (46.1-50.1)
37.6 (34.6-40.7)
58.3 (55.2-61.5)
48.9 (44.6-53.2)

44.2 (42.3-46.1)
20.4 (17.9-22.9)
59.4 (56.4-62.4)
64.1 (59.6-68.5)

50.2 (47.8-52.6)
28.4 (24.9-31.8)
63.3 (59.7-66.9)
66.4 (61.3-71.5)

1

Prevalence of a high FLI based on cutoff points of 46.9 for men and 53.8
for women. FLI: Fatty liver index; NAFLD: Non-alcoholic fatty liver
disease.

According to these cutoff points, the prevalence of
a high FLI was 0.4809 (0.4610-0.5007) in men and
0.5021 (0.4782-0.5260) in women. No significant
difference was detected between the two sexes.

DISCUSSION

Results of univariate and multivariate logistic regression
analysis

The present study revealed that FLI has a high
discriminatory power in the diagnosis of NAFLD.
Analyses based on sex and age groups showed that
this index has an appropriate performance in both
sex and all age groups of 18-39, 40-59, and ≥ 60. A
significantly strong association between NAFLD and FLI
was also confirmed by binary regression, to the point
that a one-unit increase in FLI led to a 5.8% increase
in the chance of developing NAFLD. These results
were in line with the findings of a previous study in
which FLI showed good predictive performance in the
[19]
diagnosis of NAFLD, with an AUC of 0.813 .
This result could be somewhat anticipated due to
the fact that FLI is composed of four quantities related
[18]
to NAFLD, including BMI, WC, GGT, and TG . A high
BMI or WC, the main obesity indices, is considered an
essential risk factor for NAFLD, and the prevalence of
[21]
NAFLD substantially increases in obese individuals .
GGT can be considered an independent predictor
for NAFLD, since this enzyme increases in NAFLD to
protect against the adverse effects of insulin resistance
[22,23]
due to its antioxidant activity
. On the other hand,

Univariate logistic regression analysis was performed
on NAFLD by entering predictor variables, including
age, sex, systolic blood pressure, diastolic blood
pressure, HOMA-IR test, HDL, and FLI. The results are
reported in Table 2.
Before conducting the multivariate model, its
suitability and adequacy were evaluated using relevant
specific tests. In the multi-collinearity diagnostic
test, SBP and DBP were located in a single common
dimension, while a variance proportion of 0.97 was
related to SBP. As a result, we replaced SBP and DBP
with mean arterial pressure (MAP) [MAP = DRP + 1/3
(SBP|DBP)] multivariate model. Collinearity tests were
rechecked before conducting multivariable logistic
regression, with no variance proportion ≥ 0.9 related
to predictor variables. Tolerances varied from 0.599
to 0.951, with each predictor variable being located
separately in a related independent dimension. In the
2
multivariate model, Cox & Snell’s R and Nagelkerke’s
2
R that can be explained by the model. On the other
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among the markers of dyslipidemia, TG is strongly
[24]
associated with NAFLD . However, we found no
significant difference between the performance of
FLI and WC. An almost equal performance between
obesity indices and FLI could be somewhat expected,
as although obesity is strongly associated with
NAFLD, it is also associated with other components
involved in the calculation of FLI, including TG and
[25,26]
liver enzymes
. Insulin resistance plays a key role
in the pathogenesis of NAFLD and there is a strong
association between this condition and the abnormal
components of metabolic syndrome (MetS), where
NAFLD is considered the hepatic manifestation of
[27]
MetS . As a result, the high discriminatory capability
of WC for NAFLD is a logical expectation due to the
undeniable role of visceral adiposity in MetS. However,
[19]
Koehler et al
obtained a slightly significantly higher
performance for FLI than obesity indices in elderly
inhabitants of a district of Rotterdam, the Netherlands.
This study also suggests separate optimal cutoff
points of FLI for men and women, with values of
46.9 and 53.8, respectively. A higher cutoff point for
women is perhaps the result of a lower vulnerability of
females to this condition due to the protective effect
of estrogen, although its underlying mechanism is
[28,29]
not fully understood
. Furthermore, metabolic risk
factors alone play different roles in the development of
[30]
NAFLD between males and females .
Although NAFLD has previously been discussed as
a predominantly male condition, our study obtained
a significantly higher prevalence of it among women
[31]
compared to men . This disagreement may be partly
attributed to the markedly higher prevalence of obesity
among women (47.3%) compared to men (21.6%).
On the other hand, despite a higher estimation of
NAFLD among women, our results appear to confirm
that the female sex has a protective mechanism
against this disease. In univariable analysis, women
seemed to show greater odds than men for developing
NAFLD, but by removing the effects of other predictors
in the multivariable model, an inverse result was
obtained which indicated that a higher chance of
NAFLD was related to the male sex. On the other
hand, men had a higher prevalence of NAFLD in the
under-40 age group than women, while prevalence
was higher in women than men in the over-60 age
group, perhaps as a result of an attenuated protective
effect of estrogen against NAFLD in menopausal
women. Moreover, the prevalence of fatty liver among
men was reduced in the over-60 age group compared
with the 40-60-year-old group, which could be due
to the declining effects of male sexual hormones with
[32]
age .
Our study had a population-based design and a
large sample size in which a reliable non-invasive
approach was applied to diagnose NAFLD. Although
liver biopsy is the gold standard for diagnosis of fatty
liver disease, this approach is not only invasive, but
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also has a relatively high false negative rate in the
[10-12,33]
diagnosis of this condition
. As a result, it may
be better that a multifaceted non-invasive approach is
implemented in order to diagnose NAFLD in populationbased studies until a more reliable evaluation can be
obtained from the performance of FLI.
In conclusion, FLI has a promising predictive power
in the diagnosis of NAFLD. However, according to our
findings, FLI was not more effective than WC in the
discrimination of NAFLD. While the performance of
FLI was not different between the two sexes, a higher
cutoff point of FLI was obtained for women than men.
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Background

Non-alcoholic fatty liver disease (NAFLD) is a chronic condition. The
prevalence of this condition varied from 20% to 30% in different countries. The
most common methods used in the diagnosis of fatty liver are histological and
imaging procedures, but these have their own limitations. Nevertheless, this
disease can lead to a wide range of clinical conditions and, as a result, make
its diagnosis difficult. In this context, some indices were recently introduced to
diagnose NAFLD, with fatty liver index (FLI) being one example that has had a
good prediction value in previous reports.

Research frontiers

It is estimated that the prevalence of NAFLD among the Asian and Middle
Eastern population is more than 20%. However, some cohort studies in Iran
have shown a rate of up to 40%. Therefore, usage of a simple diagnostic
modality with high predictive value for the detection of NAFLD is an important
issue in this region.

Innovations and breakthroughs

As is the case with other countries, the prevalence of NAFLD in Iran is
undergoing an increasing trend that is predicted to cause major health
problem in the near future. Therefore, early diagnosis of NAFLD has become
more important. In this study, we revealed that FLI has a high discriminatory
power in the diagnosis of NAFLD in our population. The performance of FLI
was not found to be different between two genders. Furthermore, the highest
performance of FLI was seen in the 18-39 age group. The optimal cutoff points
of FLI were 46.9 in men and 53.8 in women.

Applications

Based on the present study, we can suggest that WC has almost the same
value as FLI in practice. In fact, WC could be considered an easy and economic
modality with a high discrimination value for the detection of NAFLD.

Terminology

NAFLD is a chronic condition with vast clinical presentation which is
characterized by the accumulation of fat in the liver in the absence of other
causes of steatosis, including excess consumption of alcohol or drugs. FLI was
calculated based on laboratory and anthropometric measures, including TG,
GGT, BMI, and WC by using a specific formula.
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There is not enough data regarding diagnosis and discrimination of NAFLD,
particularly in the Middle Eastern region. This study presents the discriminatory
power of FLI and its cutoff point for NAFLD. The results are notable, with FLI
showing no superiority over WC in the discrimination of NAFLD. Furthermore,
although the performance of FLI was not different between the two sexes, a
higher cutoff point of FLI was obtained for women than for men.
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Abstract
AIM: To determine if efficacy of chemotherapy on
liver metastasis of gastrointestinal tract cancer can be
predicted by apparent diffusion coefficient (ADC) values
of diffusion-weighted imaging (DWI).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: In total, 86 patients with liver metastasis
of gastrointestinal tract cancer (156 metastatic lesions)
diagnosed in our hospital were included in this study.
The maximum diameters of these tumors were
compared with each other before treatment, 2 wk
after treatment, and 12 wk after treatment. Selected
patients were classified as the effective group and the

Conflict-of-interest statement: We declare that there are no
conflicts of interest to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was

WJG|www.wjgnet.com

3031

March 14, 2016|Volume 22|Issue 10|

Zheng DX et al . ADC DWI predict gastrointestinal tract cancer

ineffective group, depending on the maximum diameter
of the tumor after 12 wk of treatment; and the ADC
values at different treatment times between the two
groups were compared. Spearman rank correlation was
used to analyze the relationship between ADC value
and tumor diameter. Receiver operating characteristic
curve (ROC curve) was used to analyze the ADC values
before treatment to predict the patient’s sensitivity and
specificity degree of efficacy to the chemotherapy.

Zheng DX, Meng SC, Liu QJ, Li CT, Shang XD, Zhu YS,
Bai TJ, Xu SM. Predicting liver metastasis of gastrointestinal
tract cancer by diffusion-weighted imaging of apparent
diffusion coefficient values. World J Gastroenterol 2016;
22(10): 3031-3037 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i10/3031.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i10.3031

RESULTS: There was no difference in age between the
two groups and in maximum tumor diameter before
treatment and 2 wk after treatment. However, after
12 wk of treatment, maximum tumor diameter in the
effective group was significantly lower than that in
the ineffective group (P < 0.05). Before treatment,
ADC values in the ineffective group were significantly
higher than those in the effective group (P < 0.05).
There was no difference in ADC values between the
effective and ineffective groups after 2 and 12 wk of
treatment. However, ADC values were significantly
higher after 2 and 12 wk of treatment compared to
before treatment in the effective group (P < 0.05).
Spearman rank correlation analysis showed that ADC
value before treatment and the reduced percentage of
the maximum tumor diameter after 12 wk of treatment
were negatively correlated, while the increase in the
percentage of the ADC value 12 wk after treatment and
the decrease in the percentage of the maximum tumor
diameter were significantly positively correlated. The
results of the ROC curve showed that ADC value with a
-3
chemotherapy ineffective threshold value of 1.14 × 10
2
mm /s before treatment had a sensitivity and specificity
of 94.3% and 76.7%, respectively.

INTRODUCTION
Gastrointestinal cancer is the most common malignant
[1-3]
tumor, and its incidence continues to rise . Surgical
resection is currently the primary treatment for
gastrointestinal cancer. However, surgical resection
[1,4-6]
alone has a low survival rate
due to the high
incidence of invasion and metastasis. According to the
statistics, liver metastasis occurs in approximately 45%
[7,8]
of patients . Patients with liver metastasis are not
suitable for surgery. Thus, chemotherapy is the main
treatment method used to improve patient survival,
[9,10]
making patients more suitable for surgery
. Thus,
the prediction and evaluation of the effectiveness of
chemotherapy in patients with liver metastatic tumor
is important for the survival status of patients and
the development of treatment programs. Clinically,
chemotherapy efficacy monitoring has been primarily
made by measuring tumor size using computed
tomography (CT), magnetic resonance imaging (MRI),
and other imaging modalities. However, tumor size
changes measured by radiological imaging methods
are often detected later than functional changes; and
it is difficult to predict the efficacy of chemotherapy
at an early stage. In recent years, diffusion-weighted
imaging (DWI) has been discovered as a functional
magnetic resonance examination method, and the
apparent diffusion coefficient (ADC) of DWI signal
intensity can be accurately quantified to enable the
evaluation of chemotherapeutic efficacy before tumor
[11,12]
size changes
. Although using DWI to assess
the efficacy of cancer treatments has already being
[13,14]
applied clinically
, there are few studies on its
applications and its ability to predict results of therapy
remains unclear. Therefore, this study investigated
the prediction of chemotherapy efficacy in patients
with liver metastasis of gastrointestinal tract cancer by
DWI ADC, aiming to provide a new method for clinical
evaluation.

CONCLUSION: DWI ADC values can be used to
predict the response of patients with liver metastasis of
gastrointestinal tract cancer to chemotherapy with high
sensitivity and relatively high specificity.
Key words: Chemotherapy; Liver metastatic tumor;
Magnetic resonance imaging; Gastrointestinal tract
cancer
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A total of 86 patients with liver metastasis
of gastrointestinal tract cancer were assigned to one
of two groups, effective group and ineffective group,
according to the maximum diameter of the tumor
after treatment. The apparent diffusion coefficient
(ADC) values at different treatment times between
the two groups were compared. The results revealed
that ADC values before treatment can be used to
predict chemotherapy response to liver metastasis of
gastrointestinal tract cancer, with high sensitivity and
relatively high specificity.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Clinical data

From June 2012 to April 2015, a total of 86 patients
treated for liver metastasis of gastrointestinal tract
cancer in Taishan Medical College Affiliated Liaocheng
Second People’s Hospital and Liaocheng Third People’s
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A

Figure 1 Diffusion-weighted imaging results for patients
with liver metastasis of gastrointestinal tract cancer. A:
Diffusion-weighted imaging (DWI) figure shows right anterior
lobe of liver with surrounding high signal, clear boundary, and
significant contrast; B: DWI figure shows the right posterior
lobes of livers with huge and irregular high signal intensity;
surrounding small satellite focus were visible with a blending
tendency, clear boundary, and significant contrast.

B

Hospital were included in this study. There were 50
male patients and 36 female patients. Age ranged
from 44-75 years old, with an average of 58.2 ± 6.1
years. Among these 86 patients, 28 patients with
gastric cancer had 52 metastases and 58 patients with
colorectal cancer had 104 metastases. In total, 156
metastatic lesions were included in this study.

the effective group and the ineffective group. Spear
man’s rank correlation analysis was used to determine
the correlation between ADC value and tumor
diameter. Receiver operating characteristic curve (ROC
curve) analysis of ADC values before treatment was
used to predict patients with or without sensitivity and
specificity for chemotherapy.

Examination method

Statistical analysis

GE 1.5T HDX superconducting MRI (Chalfont St.
Giles, United Kingdom) and GE SIGNA HDe 1.5T MR
scanner were used for testing. The patient was placed
in supine position so that the coil cans wraparound the
upper abdomen. The patient was instructed to breathe
uniformly and located at the xiphoid. Then, DWI
scanning was carried out (Figure 1A and B). DWI scan
results were analyzed to generate the ADC values, and
the images were reviewed in a blinded fashion by two
radiologists.

SPSS16.0 software (Chicago, IL, United States) was
used for statistical analyses. Data are presented
as mean ± SD. Differences between groups were
analyzed using a t-test. P < 0.05 was considered
statistically significant. Spearman’s rank correlation
analysis was used to analyze the correlation between
ADC value changes and diameter changes of
metastasis tumor. ROC curve analysis of ADC values
before treatment was used to predict the sensitivity
and specificity of metastatic tumors to chemotherapy.

Treatment regimen

RESULTS

All patients underwent chemotherapy based on the
following specific regimen (LV5FU2 plan): CF 200
2
2
mg/m per day iv bolus, 1-2 d; 5-FU 400 mg/m /iv
2
bolus, first 1-2 d; 5-FU 600 mg/m per day iv bolus,
first 1-2 d, repeated every 2 wk.

Comparison of clinical data between the effective and
ineffective group

Among the 156 metastatic lesions found in 86 patients
with gastrointestinal cancer, 27 (17.3%) lesions were
located in the left lobe of the liver, and 129 (82.7%)
lesions were located in the right lobe of the liver. After
chemotherapy, 73 lesions (46.8%) were classified
into the effective group, and 83 lesions (53.2%) were
classified into the ineffective. There was no significant
difference in average age between the effective group
and the ineffective group (P > 0.05), as shown in Table
1. There was no significant difference in the maximum
diameter of tumors before chemotherapy between
the effective group and ineffective group (P > 0.05),
as shown in Table 1. Two weeks after chemotherapy,
tumor diameter in the effective group was smaller
than that in the ineffective group; but the difference
was not statistically significant (P > 0.05), as shown in
Table 1. Moreover, after 12 wk of chemotherapy, tumor
size in the effective group was significantly smaller
than that in the ineffective group (P < 0.05), as shown

Efficacy assessment of chemotherapy on tumors

Tumor size (maximum diameter) was measured after
12 wk of each treatment and during the last week
of chemotherapy treatment. Valid chemotherapy
was considered as either disappearance of lesions or
reduction of the sum of maximum diameter to > 30%.
Otherwise, chemotherapy was considered invalid.

Observation indexes

Maximum diameters of metastatic tumors were
measured before treatment, after 2 wk of treatment,
and after 12 wk of treatment. Patients were classified
into effective group and ineffective group based on
tumor size after 12 wk of treatment. ADC values
measured before treatment, after 2 wk of treatment,
and after 12 wk of treatment were compared between

WJG|www.wjgnet.com
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Table 1 Comparison of clinical data between the effective and ineffective groups
Groups

Average age (yr)

Effective group (n = 73)
Ineffective group (n = 83)
t value
P value

Maximum tumor diameter (cm)
Before treatment

After 2 wk of treatment

After 12 wk of treatment

3.45 ± 0.81
3.62 ± 0.85
1.274
0.205

3.29 ± 0.75
3.47 ± 0.88
1.365
0.174

1.87 ± 0.38
3.45 ± 0.62
18.874
0

57.7 ± 5.9
59.6 ± 6.2
1.953
0.053

Table 2 Changes in apparent diffusion coefficient values before and after chemotherapy treatment between the effective and
ineffective groups
Groups

Before treatment After 2 wk of treatment After 12 wk of treatment

Effective group
Ineffective group
t value
P value

1.01 ± 0.06
1.24 ± 0.08
2.747
0.007

1.26 ± 0.11
1.26 ± 0.05
1.491
0.138

1.34 ± 0.18
1.22 ± 0.17
1.783
0.077

After 2 wk of treatment

After 12 wk of treatment

t value

P value

t value

P value

17.047
1.931
/
/

0.000
0.055
/
/

14.86
0.97
/
/

0.000
0.334
/
/

r value

P value

0.124
0.093
0.052
-0.718
0.742
-0.015

0.108
0.183
0.118
0.001
0.002
0.279

Table 3 Relationship between apparent diffusion coefficient values and tumor diameter changes
Correlation
Apparent diffusion coefficient (ADC) values before treatment vs mean maximum tumor diameter
ADC values 2 wk after treatment vs mean maximum tumor diameter after 2 wk of treatment
ADC values after 12 wk of treatment vs mean maximum tumor diameter after 12 wk of treatment
ADC values before treatment vs reduced percentage of the mean maximum tumor diameter after 12 wk of treatment
Increased percentage of ADC values after 12 wk of treatment vs reduced percentage of maximum tumor diameter
Percent decrease in tumor size vs mean maximum diameter of metastatic tumors before treatment

of the maximum diameter of tumor after 12 wk of
treatment were significantly negatively correlated
(P < 0.05). The increase percentage of ADC values
after 12 wk of treatment and the reduced percentage
of the maximum tumor diameter was significantly
positively correlated (P < 0.05). Moreover, the reduced
percentage of tumor size and the maximum diameter
of metastatic tumors before treatment did not reveal
any significant correlation (P > 0.05), as shown in
Table 3.

in Table 2.

Changes in ADC values between the effective group and
ineffective group

ADC values before treatment in the ineffective group
were significantly higher than those in the effective
group (P < 0.05). There was no significant difference
in ADC values after 2 wk and 12 wk of treatment
between the effective group and the ineffective group
(P > 0.05). Moreover, ADC values were significantly
increased in the effective group after 2 wk and 12 wk
of treatment compared with those before treatment (t
= 17.047, 14.860; P = 0.000, 0.000). ADC value after
2 wk and 12 wk of treatment increased by 24.8% and
32.7%, respectively, in the effective group; while ADC
value after 2 wk and 12 wk of treatment increased by
3.2% and 4.0%, respectively, in the ineffective group.

Analysis of the sensitivity and specificity of ADC value
for the evaluation of the effectiveness of chemotherapy

By ROC curve analysis, the area under the curve
was 0.934 (95%CI: 0.878-0.990). With an ADC
ineffectiveness chemotherapy threshold value before
-3
2
treatment of 1.14 × 10 mm /s, the sensitivity
and specificity for predicting the ineffectiveness
chemotherapy to metastatic tumors were 94.3% and
76.7%, respectively (Figure 2).

Relationship between ADC value and tumor diameter
change

Spearman rank correlation analysis revealed that
before treatment, there was no significant correlation
between ADC values and the mean value of the
maximum diameter of tumor (P > 0.05). After
2 wk and 12 wk of treatment, there was also no
significant correlation between ADC values and the
mean maximum diameter of tumors (P > 0.05). ADC
values before treatment and the reduced percentage

WJG|www.wjgnet.com

DISCUSSION
Liver metastatic tumors are derived from gastro
intestinal cancer and other digestive tract cancers and
are also a common cause of death in gastrointestinal
[15]
tumors . Even though surgical resection is an
effective treatment of gastrointestinal cancers,
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significantly smaller than the ineffective group (P <
0.05). As previously described, chemotherapy can
cause liver metastatic tumor size to change. However,
there is no correlation between the maximum
metastatic tumor diameter before treatment and the
reduced percentage of tumor diameter after treatment.
The results have shown that the size of the lesion and
chemotherapy response is not related.
ADC value before chemotherapy in the ineffective
group was significantly higher than the effective
group, and ADC values before treatment and the
reduced percentage of metastatic tumor diameter
were negatively correlated. These results show that
ADC values before chemotherapy and chemotherapy
response are correlated. A high ADC value indicates
that patients with liver metastatic tumors may be
unresponsive to chemotherapy. Some studies have
reported that ADC values can reflect the tissue
density. The higher the ADC values, the lower the
[15,25,26]
tissue density
. In addition, we showed that ADC
value increased with chemotherapy effectiveness,
which is consistent with that study in which tissue
density was reduced after chemotherapy and tended
to be normal. This may be due to the strong ability
of tumor cells to proliferate before chemotherapy,
an abundant cytoplasm, and a reduced extracellular
space. Therefore, as density becomes greater, ADC
value becomes lower. In addition, after effective
chemotherapy on tissues, tumor cells are injured
and raptured and dies. Therefore, tissues become
less dense, diffusion motion of water molecules in
[27,28]
the tissue increases, and ADC value increases
.
We found that early treatment in the effective group
can significantly increase ADC values, whereas the
ineffective group did not exhibit this phenomenon. This
may be due to the occurrence of tumor cells necrosis
after chemotherapy in the effective group. First, early
tumor cell necrosis swelling occurs, and then, cell
walls burst and crack, leading to an increase in water
[29,30]
molecular in the cell
and an increase in ADC
value. Since treatment in the ineffective group does
not injure or kill tumor cells; tumor tissues continue to
increase, cell density increases or remains unchanged,
diffusion motion of water molecules in the tumor
tissues are reduced or remain unchanged, and ADC
value decreases or remain unchanged.

ROC curve
1.0

Sensitivity

0.8

0.6

0.4

0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 2 Receiver operating characteristic curve. Area under the curve
is 0.934, the optimal diagnostic point is 1.14 × 10-3 mm2/s, and sensitivity and
specificity are 94.3% and 76.7%, respectively.

the proportion of patients who are suitable for
surgery is very small, which is only about 15% of
[16-18]
gastrointestinal cancers
. Therefore, chemotherapy
is an important treatment for patients not suitable for
surgical resection. Studies have shown that effective
chemotherapy can significantly reduce the size of
metastatic tumors so that patients will be suitable for
[19-22]
surgery, thereby prolonging survival
. However,
chemotherapy may be ineffective in some patients
due to inter-individual variability. If we can predict the
ineffectiveness of chemotherapy in patients at an early
stage, the treatment plan could be changed in a timely
manner. In recent years, DWI was found to be able
to assess the efficacy of cancer treatment. ADC is an
index used to measure the intensity of DWI. Animal
studies have shown that ADC values for metastatic
tumors in the effective group were significantly higher
[23,24]
than the ineffective group
. However, there are few
studies on the use of ADC values for predicting the
effectiveness of chemotherapy on metastatic tumors
in vivo. Therefore, in order to investigate whether ADC
values could predict liver metastatic tumor response
to chemotherapy, patients with liver metastases in
gastrointestinal cancer at our hospital were selected
for this study.

ADC values before treatment predicts sensitivity and
specificity of chemotherapy response to liver metastasis
of gastrointestinal tract cancer

Correlation analysis of the efficacy of chemotherapy

It is very important to evaluate the efficacy of
chemotherapy at an early stage. Early analysis of
the effect of chemotherapy can provide guidance
in selecting clinical therapeutic regimens, thereby
improving the prognosis of patients. Although there
was no significant difference in metastatic tumor size
before treatment and after 2 wk of treatment between
patients in the effective group and ineffective group,
the maximum diameter of the metastatic tumors
after 12 wk of treatment in the effective group was

WJG|www.wjgnet.com

In addition, the ROC curve results showed that
sensitivity and specificity for predicting the efficacy
of chemotherapy on patients with liver metastatic
-3
2
tumors before treatment with 1.14 × 10 mm /s as
a threshold were 94.3% and 76.7%, respectively.
The results have shown that sensitivity was high
and specificity was relatively low. As described, this
method has high clinical application value in predicting
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chemotherapy on liver metastasis of gastrointestinal tract cancer.

the efficacy of chemotherapy in patients with liver
metastatic tumors due to high sensitivity. The rela
tively low specificity of this method, as described
in other tumors, may also have a similar predictive
effect. Studies have reported significant changes in
ADC values in breast cancer, which are consistent with
[31-33]
these results
.

Peer-review

Patients with liver metastases in gastrointestinal cancer at our hospital were
selected for this study to investigate whether ADC values could predict liver
metastatic tumor response to chemotherapy. The results demonstrated that
ADC values before treatment can be used to predict chemotherapy response to
liver metastasis of gastrointestinal tract cancer, which has high sensitivity and a
relatively high specificity.

Limitations and outlook

The method of using ADC values before treatment
to predict the efficacy of chemotherapy has the
advantages of providing fast and accurate results as
well as its noninvasiveness. In clinical practice, this
method can be extensively applied to the patient with
liver metastasis of gastrointestinal tract cancer to
predict the efficacy of chemotherapy and to determine
the corresponding changes in treatment for those
patients who are unresponsive to chemotherapy
at an early stage. A limitation of this study is that
it evaluated only patients with liver metastasis of
gastrointestinal tract cancer. It remains unclear
whether this method will have a similar effect in other
cancer patients. Thus, further research will need to
focus on whether the evaluation of ADC values before
treatment can also be applied to other cancers for
chemotherapy reactions. In addition, this study did
not take into account individual differences between
each patient. Hence there is a need to further improve
the experimental design of this study to confirm these
results.
In conclusion, ADC values before treatment can
be used to predict chemotherapy response to liver
metastasis of gastrointestinal tract cancer, with high
sensitivity and a relatively high specificity. Clinically,
this approach has an important value in predicting
the efficacy of chemotherapy on liver metastasis of
gastrointestinal tract cancer.
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Abstract
AIM: To identify the prognostic value of hepatitis B
virus (HBV) and hepatitis C virus (HCV) infections in
patients with intrahepatic cholangiocarcinoma.
METHODS: A search was performed for relevant
publications in PubMed, EMBASE and Web of Science
databases. The pooled effects were calculated from
the available information to identify the relationship
between HBV or HCV infection and the prognosis and
2
2
clinicopathological features. The χ and I tests were
used to evaluate heterogeneity between studies. Pooled
hazard ratios (HRs) with 95% confidence intervals
(CIs) were calculated by a fixed-effects model, if no
heterogeneity existed. If there was heterogeneity, a
random-effects model was applied.
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RESULTS: In total, 14 studies involving 2842 cases
were enrolled in this meta-analysis. The patients with
HBV infection presented better overall and diseasefree survival, and the pooled HRs were significant at
0.76 (95%CI: 0.70-0.83) and 0.78 (95%CI: 0.66-0.94),
respectively. Additionally, our study revealed that HCV
infection was correlated with shortened overall survival
in comparison with the control group (HR = 2.64,
95%CI: 1.77-3.93). We also found that HBV infection
occurred more frequently in male patients [odds ratio
(OR) = 1.91, 95%CI: 1.06-3.44] and was correlated
with higher levels of serum aspartate transaminase
(AST) and alpha-fetoprotein (AFP) (OR = 1.93, 95%CI:
1.11-3.35; OR = 3.86, 95%CI: 2.58-5.78) and a lower
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level of serum carbohydrate antigen 19-9 (CA19-9) (OR
= 0.47, 95%CI: 0.34-0.65). Moreover, HBV infection
was associated with cirrhosis (OR = 6.44, 95%CI:
4.33-9.56), a higher proportion of capsule formation
(OR = 6.04, 95%CI: 3.56-10.26), and a lower rate of
lymph node metastasis (OR = 0.39, 95%CI: 0.25-0.58).
No significant publication bias was seen in any of the
enrolled studies.

hepatitis B virus (HBV) and hepatitis C virus (HCV),
are the causative agents for HCC. Recent studies also
revealed that both HBV and HCV infections are the
[8,9]
causative agents for ICC , which may help explain
the increasing incidence of ICC.
ICC has a worse prognosis than HCC; this is mainly
due to several clinicopathological features, such as
frequent lymph node invasion and a low proportion of
capsule formation, which are more frequent in HBV[10]
infected ICC cases . Recently, studies in China have
demonstrated that HBV infection could be used as a
[11,12]
predictive marker of favorable prognosis
; however,
several researchers have reported that hepatitis
virus infection has no impact on prognosis after
[13,14]
hepatectomy
. Thus, the prognostic significance
of HBV and HCV infections in ICC patients remains
controversial.
In this research, a meta-analysis of correlative
publications was performed to identify the prognostic
value of HBV or HCV infection in ICC cases.

CONCLUSION: HBV infection may indicate a favo
rable prognosis in patients with intrahepatic cholan
giocarcinoma, while HCV infection suggests a poor
prognosis.
Key words: Hepatitis B virus; Hepatitis C virus; Clinical
features; Intrahepatic cholangiocarcinoma; Prognosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This research is the first comprehensive
meta-analysis and systematic review to identify the
prognostic significance of hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections in intrahepatic
cholangiocarcinoma. According to this study, HBV
infection predicted a favorable prognosis; however,
HCV infection was correlated with shortened overall
survival. These findings will provide useful information
for clinical decision-making in patients with intrahepatic
cholangiocarcinoma.

MATERIALS AND METHODS
Search strategy

This study was performed according to PRISMA
[15]
guidelines . PubMed, EMBASE and Web of Science
databases were searched comprehensively for
relevant publications before January 1, 2015. We
used the following terminologies in all possible
combinations without restrictions: “hepatitis B virus”,
“hepatitis C virus”, “HBV”, “HCV”, “intrahepatic
cholangiocarcinoma”, “ICC”, “prognosis”, “prognostic”,
“survival”, “clinical”, and “clinicopathological.” We
scanned the reference lists of relevant publications for
additional available researches.

Wang Z, Sheng YY, Dong QZ, Qin LX. Hepatitis B virus and
hepatitis C virus play different prognostic roles in intrahepatic
cholangiocarcinoma: A meta-analysis. World J Gastroenterol
2016; 22(10): 3038-3051 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i10/3038.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i10.3038

Inclusion and exclusion criteria

Inclusion criteria were: (1) articles were written in
English; (2) patients were diagnosed with ICC by
pathology; (3) HBV or HCV infection was detected; and
(4) sufficient information about HBV or HCV infection,
overall survival (OS) or disease-free survival (DFS) and
other clinicopathological parameters was given directly
or could be calculated indirectly.
Exclusion criteria were: (1) non-English articles; (2)
reviews, letters, case studies and conference records;
and (3) duplicated data of previous research.

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is one of the
[1]
common hepatic malignancies, especially in China .
The incidence and mortality rates of ICC have been
[2-4]
increasing globally in recent decades
. Despite
advancements in diagnostic methods and surgical
approaches, the survival rates for ICC patients remain
[5,6]
unfavorable . The peak incidence for ICC occurs
between 55 and 75 years old. Unlike hepatocellular
carcinoma (HCC), which is more prevalent in men, ICC
[7]
appears to have only a slight male predominance .
Surgical treatment remains the only cure for ICC;
unfortunately, most patients present with an advanced
stage of disease.
Apart from classic risk factors, such as liver flukes,
researchers have reported other risk factors, including
alcoholic cirrhosis, hepatitis viruses, tobacco and
[4]
metabolic diseases . Hepatitis viruses, including

WJG|www.wjgnet.com

Quality assessment

Two reviewers assessed the quality of the retrieved
studies independently in accordance with the Newcastle[16]
Ottawa scale (NOS) . The NOS is composed of three
dimensions: selection, comparability, and outcome. The
publication was not included in our review if its quality
score was too low.

Data extraction

Two reviewers independently scanned the eligible
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406 studies were identified after duplicates were removed

344 excluded by title and abstract analysis
25 reviews
14 conference records
10 case reports
3 letters
1 animal study
4 cell line studies
8 not in English
279 were irrelevant to our study
62 studies considered for full text analysis

49 excluded for not providing useful data on
the correlation between HBV/HCV and OS,
DFS, or clinicopathological features

1 additional study identified by manual search

14 studies included in the final meta-analysis

Figure 1 Flowchart of the literature search strategy. HBV: Hepatitis B virus; HCV: Hepatitis C virus; OS: Overall survival; DFS: Disease-free survival.

publications and extracted the original information
from the included papers. All publications were doublechecked and disagreements were settled by discussion.
For each research, the following data were recorded:
(1) the first author name and year of publication;
(2) the number of cases; (3) the study design;
(4) the clinical parameters, including age, gender,
clinical stage, treatment and other clinicopathological
features; (5) the markers detected for HBV and HCV
infections; and (6) the hazard ratio (HR) and 95%
confidence interval (CI) of HBC or HCV infection for OS
and DFS. If the HR was unavailable, we used the total
number of deaths and the total number of cases to
calculate the HR. If the information was only available
in Kaplan-Meier curves, we obtained the HR with
[17]
Engauge Digitizer according to Parmar et al .

RESULTS
Literature search

A flowchart demonstrating the publication search and
selection process is shown in Figure 1. Four hundred
and six potentially eligible papers were retrieved in
the initial search. According to the titles and abstracts,
344 publications (25 reviews, 14 conference records,
10 case reports, 3 letters, 1 animal study, 4 cell
line studies, 8 non-English publications and 279
papers that had no relationship with our study) were
excluded. Sixty-two full articles were captured, among
which 49 were finally excluded due to the paucity of
sufficient information on HBV/HCV and OS, DFS, or
clinicopathological features. One additional paper was
identified by manual search. Ultimately, our review
enrolled a total of 14 studies. Of these publications
chosen for further assessment, 13 investigated the
correlation between HBV and specific parameters, and
5 studied the relationship between HCV and survival
and clinicopathological features.

Statistical analysis

The statistical software Stata version 12.0 was used
to synthesize the outcomes of the enrolled studies.
The HR and 95%CI from each paper were applied for
2
2
calculating pooled HR. The χ and I tests were used
to evaluate heterogeneity between the studies, and P
< 0.05 was defined as statistical significance. If there
was no heterogeneity (P ≥ 0.05), a fixed-effects model
was used, and a random-effects model was applied if
there was heterogeneity (P < 0.05). Egger’s test and
Begg’s funnel plot were applied to assess publication
bias.

WJG|www.wjgnet.com

Study characteristics and quality assessment

The main characteristics of each enrolled publication
are shown in Table 1. In total, 14 studies involving
2842 cases were enrolled in the present research. The
papers included in our study were published between
2002 and 2014. Eight papers enrolled less than 100
cases, and six papers enrolled more than 100 cases.
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Table 1 Main characteristics of all the studies included in the meta-analysis
Study

Study
region

n

Li et al[26], 2014

China

283 55.0 (18.0–79.0) 174/109

Luo et al[27], 2014

China 1333

Uenishi et al[28], 2014

Japan

Zhang et al[29], 2014

China

Liu et al[30], 2013

China

Wu et al[31], 2013

China

Jiang et al[32], 2011

China

76 51.0 (40.0–60.0)

Peng et al[33], 2011

China

62

Uenishi et al[34], 2011

Japan

35 61.0 (35.0-83.0)

Zhou et al[11], 2011

China

Zhang et al[12], 2010

China

Zhou et al[10], 2010

China

317

Hai et al[13], 2005

Japan

38

Asayama et al[35], 2002 Japan

Mean age

Gender Clinical Study design Tumor Marker Clinicopathological HR Outcome Quality
(M/F)
stage
type detection
features
assessment
Ⅰ-Ⅳ

54.1 ± 10.9

912/421

Ⅰ-Ⅳ

90

NR

61/29

Ⅰ-Ⅳ

127

55.5 ± 11.8

102/25

Ⅰ-Ⅳ

48/33

NR

107/31

Ⅰ-Ⅳ

53/23

Ⅰ-Ⅳ

NR

NR

11/24

Ⅱ-Ⅳ

102/53

NR

24/16

Ⅰ-Ⅳ

53.1 ± 10.5

223/94

NR

NR

23/15

Ⅰ-Ⅳ

36/31

NR

81 59.0 (30.0-76.0)
138

155

55

NR

55.0 ± 10.7
(27.0-76.0)

40 56.0 (34.0-74.0)

67 62.0 (33.0-83.0)

Prospective

MF/
PI/IG
Retrospective MF

HBsAg

NR

R

OS

HBsAg/
NR
R
OS
anti-HCV
Retrospective MF
HBsAg/
G
R
OS
anti-HCV
Retrospective MF/ HBsAg/
NR
R OS/DFS
PI/IG anti-HCV
Retrospective MF/ HBsAg/
NR
R
OS
PI/IG HBcAb
Retrospective MF/ HBsAg/ G, ALT, AST, TB,
E
OS
PI/IG HBcAb γ-GT, AFP, CA19-9,
C, CF, D, TN, TS,
LNM, VI
Retrospective MF/
HBsAg
NR
R
OS
PI/IG
Retrospective MF/ HBsAg/
AFP, CA19-9, C, NR
NR
PI/IG HBcAb
CF, D, TL, TN, TS,
LNM, VI
Retrospective MF
HBsAg/
NR
E
OS
anti-HCV
Retrospective MF/
HBsAg
G, ALT, AST, TB,
R OS/DFS
PI/IG
γ-GT, AFP, CA19-9,
C, CF, D, TL, TN,
TS, LNM, VI
Retrospective MF/ HBsAg/
NR
E
OS
PI/IG HBcAb
Retrospective MF/
HBsAg
G, ALT, AST, TB, NR
NR
PI/IG
γ-GT, AFP, CA19-9,
C, CF, D, TL, TN,
LNM, VI
Retrospective MF/ anti-HCV
G
E
OS
PI/IG
Retrospective MF/ HBsAg/
G
E
OS
PI/IG anti-HCV

8
9
9
9
9
8

9
8

8
9

8
8

8
8

n: Number of patients; M: Male; F: Female; HR: Hazard ration; R: Reported; NR: Not reported; E: Estimated; OS: Overall survival; DFS: Disease-free
survival; MF: Mass-forming; PI: Periductal infiltrating; IG: Intraductal growth; G: Gender; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
TB: Total bilirubin; γ-GT: γ-glutamyl transpeptidase; AFP: Alpha fetoprotein; CA19-9: Carbohydrate antigen 19-9; C: Cirrhosis; CF: Capsule formation; D:
Differentiation; TL: Tumor location; TN: Tumor number; TS: Tumor size; LNM: Lymph node metastasis; VI: Vascular invasion.

The mean age of the enrolled patients ranged from
51.0 to 62.0 years in these studies. One study was
prospective, and the other 13 were well-designed,
retrospective studies.
Each of the included studies in our review was
evaluated in accordance with the NOS standard. A
study with a quality value of 6 stars or more was of
high quality. According to the NOS, all publications
enrolled in our study were high-quality studies (Table
1).

was 0.78 (95%CI: 0.66-0.94, Z = 2.67, P = 0.008)
2
(Figure 2) without heterogeneity (I = 0%, P = 0.780).
These results indicated that patients with HBV infection
had longer OS and DFS.
In the five studies evaluating the correlation
between HCV infection and OS, no significant
2
heterogeneity was found (I = 6.8%, P = 0.368). The
pooled HR was 2.64 (95%CI: 1.77-3.93, Z = 4.76, P
= 0.000), suggesting that patients with HCV infection
had a poorer prognosis (Figure 3).

Relationship between hepatitis virus infection and
patient survival

Subgroup analysis

The subgroup meta-analysis was carried out for the
relationship between HBV infection and OS (Table
2). When stratified by sample size, the pooled HRs
were 0.72 (95%CI: 0.65-0.81) for studies with more
than 100 subjects and 0.84 (95%CI: 0.72-0.98) for
studies with less than 100 subjects (Figure 4A). This
finding indicated that HBV infection was a favorable

The meta-analysis evaluating the relationship between
HBV infection and OS was performed on 11 studies.
The pooled HR was 0.76 (95%CI: 0.70-0.83, Z = 6.14,
P = 0.000) (Figure 2), and no heterogeneity existed
2
(I = 35.3%, P = 0.116). Two studies assessed the
association of HBV infection with DFS; the pooled HR

WJG|www.wjgnet.com
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Study ID

HR (95%CI)

% weight

OS
Li (2014)

0.88 (0.59, 1.29)

4.98

Luo (2014)

0.73 (0.63, 0.85)

35.87

Uenishi (2014)

0.99 (0.49, 2.01)

1.53

Zhang (2014)

0.86 (0.58, 1.27)

4.87

Liu (2013)

0.58 (0.38, 0.98)

3.50

Wu (2013)

0.49 (0.34, 0.71)

5.63

Jiang (2011)

0.88 (0.73, 1.04)

24.79

Uenishi (2011)

0.70 (0.22, 2.24)

0.57

Zhou (2011)

0.73 (0.59, 0.91)

16.25

Zhang (2010)

0.46 (0.19, 1.09)

1.00

Asayama (2002)

1.64 (0.69, 3.90)

1.02

0.76 (0.70, 0.83)

100.00

Zhang (2014)

0.76 (0.56, 1.02)

36.41

Zhou (2011)

0.80 (0.64, 1.00)

63.59

0.78 (0.66, 0.94)

100.00

2

Subtotal (I = 35.3%, P = 0.116)

DFS

2

Subtotal (I = 0.0%, P = 0.780)
0.19

1

5.26

Figure 2 Forest plot of the hazard ratio for the association of hepatitis B virus infection and survival. The survival data are reported as overall survival and
disease-free survival.
ID

HR (95%CI)

% weight

Uenishi (2014)

2.61 (1.44, 4.71)

45.53

Zhang (2014)

1.64 (0.40, 6.71)

8.07

Uenishi (2011)

1.95 (0.47, 8.05)

7.92

Hai (2005)

0.84 (0.18, 3.94)

6.71

Asayama (2002)

4.15 (2.04, 8.43)

31.76

2.64 (1.77, 3.93)

100.00

2

Overall (I = 6.8%, P = 0.368)
0.119

1

8.43

Figure 3 Forest plot of the hazard ratio for the association between hepatitis C virus infection and survival. The prognostic information is reported as overall
survival.

prognostic marker regardless of sample size. When
stratified by tumor type, HBV infection was a favorable
prognostic marker for mass-forming ICC (HR = 0.75,
95%CI: 0.62-0.90) and ICC without tumor-type
restriction (HR = 0.74, 95%CI: 0.64-0.85) (Figure
4B). When stratified by study region, HBV infection
was a favorable predictor for Chinese patients (HR =

WJG|www.wjgnet.com

0.75, 95%CI: 0.69-0.82), but not for patients in other
countries (HR = 1.10, 95%CI: 0.67-1.80) (Figure 4C).
In the subgroup analysis by mean age, the pooled
HRs were 0.71 (95%CI: 0.58-0.87) for patients with a
mean age more than 55 and 0.80 (95%CI: 0.67-0.95)
for patients with a mean age less than 55 (Figure 4D).
These results suggest that HBV infection indicates a
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Table 2 Subgroup meta-analysis for the correlation between hepatitis B virus infection and overall survival
n

Subgroup
Sample size
Sample size ≥ 100
Sample size < 100
Tumor type
MF, PI or IG
MF only
Study region
China
Non-China
Mean age
Mean age ≥ 55
Mean age < 55

Analytical model

HR

95%CI

Heterogeneity

I 2 (%)

P value

5
6

FEM
FEM

0.72
0.84

0.65-0.81
0.72-0.98

33.3
28.7

0.200
0.219

8
3

REM
FEM

0.75
0.74

0.62-0.90
0.64-0.85

51.8
0.00

0.043
0.709

8
3

FEM
FEM

0.75
1.10

0.69-0.82
0.67-1.80

40.7
0.00

0.107
0.476

8
2

FEM
REM

0.71
0.80

0.62-0.82
0.67-0.95

37.6
59.7

0.130
0.115

FEM: Fixed-effects model; REM: Random-effects model; HR: Hazard ration; CI: Confidence interval; MF: Mass-forming; PI: Periductal infiltrating; IG:
Intraductal growth.

favorable prognosis regardless of patient age.

0.31-1.87), 0.91 (95%CI: 0.57-1.46), 0.72 (95%CI:
0.46-1.14) and 1.10 (95%CI: 0.49-2.43), respectively
(Table 3).

Correlation between HBV infection and clinical
parameters

Publication bias

An analysis of the pooled data revealed that HBV
infection in ICC patients was associated with specific
clinicopathological features (Table 3). Four of the
studies assessed the association of HBV infection
with gender and the pooled OR was 1.91 (95%CI:
1.06-3.44) (Figure 5A). This finding suggests that HBV
infection occurs more commonly in male patients.
Three studies evaluated the correlation between HBV
infection and aspartate transaminase (AST) levels.
The pooled OR (1.93, 95%CI: 1.11-3.35) showed that
HBV infection was associated with elevated AST (Figure
5B). Four of the studies investigated the relationship
between HBV infection and tumor markers, including
alpha-fetoprotein (AFP) and carbohydrate antigen 19-9
(CA19-9). The results demonstrate that HBV-infected
cases had a higher level of AFP (OR = 3.86, 95%CI:
2.58-5.78) and a lower incidence of CA19-9 (OR =
0.47, 95%CI: 0.34-0.65) compared to the control
group (Figure 5C, D). Additionally, four publications
identified an association between HBV infection and
cirrhosis; the pooled OR was 6.44 (95%CI: 4.33-9.56),
which indicates that HBV infection was correlated with
cirrhosis (Figure 5E). When performing a meta-analysis
of HBV infection and tumor capsule formation, we
found that HBV infection was correlated with a higher
proportion of capsule formation (OR = 6.04, 95%CI:
3.56-10.26) (Figure 5F). Moreover, it was found that
lymph node metastasis occurred less in patients (OR =
0.39, 95%CI: 0.25-0.58) (Figure 5G).
We also found that HBV infection had no relation to
ALT level, TBIL level, γ-GT level, tumor differentiation,
tumor location, tumor number, tumor size or vascular
invasion. The pooled ORs were 1.23 (95%CI:
0.64-2.35), 0.91 (95%CI: 0.62-1.33), 0.77 (95%CI:
0.43-1.38), 0.86 (95%CI: 0.41-1.80), 0.76 (95%CI:

WJG|www.wjgnet.com

There was no publication bias for the meta-analysis of
the impact of HBV infection on patient survival (Begg’s
test, P = 0.938; Egger’s test, P = 0.923) (Figure 6A).
Additionally, no publication bias existed for studies
regarding HCV infection and overall survival in this
research (Begg’s test, P = 0.142; Egger’s test, P =
0.157) (Figure 6B).

DISCUSSION
Because surgical operation remains the only cure
for ICC, it is vital to identify the potential prognostic
predictors; however, it remains unclear whether HBV
and HCV infections, believed to be the causative
[8]
agents for ICC , increase the risk of cancer re
currence and death. This meta-analysis is the first
comprehensive and detailed research to identify the
correlation of HBV/HCV infections with patient survival
and clinicopathological features. Our study suggests
that HBV infection predicts a favorable prognosis
in ICC patients, and infection with HCV indicates a
poorer prognosis. In accordance with our findings, we
believe that this meta-analysis will provide beneficial
information for clinical decision-making in ICC cases.
The presence of lymph node invasion is believed as
an important prognostic marker in ICC patients that
[18,19]
underwent hepatic operation
. Our study found
that lymph node metastasis occurred less frequently
in patients with HBV infection, which partially explains
why HBV infection was a favorable prognostic predictor
for ICC. We also found that patients with HBV infection
had a higher incidence of AFP elevation and a lower
rate of CA19-9 elevation. Recent studies have reported
that viral-associated ICC shares a similar tumor
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A
Study ID

HR (95%CI)

% weight

Li (2014)

0.88 (0.59, 1.29)

7.37

Luo (2014)

0.73 (0.63, 0.85)

53.06

Zhang (2014)

0.86 (0.58, 1.27)

7.21

Sample size ≥ 100

Wu (2013)

0.49 (0.34, 0.71)

8.32

Zhou (2011)

0.73 (0.59, 0.91)

24.03

0.72 (0.65, 0.81)

100.00

2

Subtotal (I = 33.3%, P = 0.200)

Sample size < 100
Uenishi (2014)

0.99 (0.49, 2.01)

4.73

Liu (2013)

0.58 (0.38, 0.98)

10.80

Jiang (2011)

0.88 (0.73, 1.04)

76.51

Uenishi (2011)

0.70 (0.22, 2.24)

1.75

Zhang (2010)

0.46 (0.19, 1.09)

3.09

Asayama (2002)

1.64 (0.69, 3.90)

3.14

0.84 (0.72, 0.98)

100.00

HR (95%CI)

% weight

Li (2014)

0.88 (0.59, 1.29)

12.65

Zhang (2014)

0.86 (0.58, 1.27)

12.49

Liu (2013)

0.58 (0.38, 0.98)

10.24

Wu (2013)

0.49 (0.34, 0.71)

13.50

Jiang (2011)

0.88 (0.73, 1.04)

22.65

Zhou (2011)

0.73 (0.59, 0.91)

20.51

Zhang (2010)

0.46 (0.19, 1.09)

3.95

Asayama (2002)

1.64 (0.69, 3.90)

4.01

0.75 (0.62, 0.90)

100.00

Luo (2014)

0.73 (0.63, 0.85)

94.47

Uenishi (2014)

0.99 (0.49, 2.01)

4.03

Uenishi (2011)

0.70 (0.22, 2.24)

1.49

0.74 (0.64, 0.85)

100.00

2

Subtotal (I = 28.7%, P = 0.219)
0.19

1

5.26

B
Study ID
MF + PI + IG

2

Subtotal (I = 51.8%, P = 0.043)

MF

2

Subtotal (I = 0.0%, P = 0.709)
Note: weights are from random effects analysis
0.19
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1

5.26
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C
Study ID

HR (95%CI)

% weight

Li (2014)

0.88 (0.59, 1.29)

5.15

Luo (2014)

0.73 (0.63, 0.85)

37.02

Zhang (2014)

0.86 (0.58, 1.27)

5.03

Liu (2013)

0.58 (0.38, 0.98)

3.61

Wu (2013)

0.49 (0.34, 0.71)

5.81

Jiang (2011)

0.88 (0.73, 1.04)

25.59

Zhou (2011)

0.73 (0.59, 0.91)

16.77

Zhang (2010)

0.46 (0.19, 1.09)

1.03

0.75 (0.69, 0.82)

100.00

Uenishi (2014)

0.99 (0.49, 2.01)

49.16

Uenishi (2011)

0.70 (0.22, 2.24)

18.19

Asayama (2002)

1.64 (0.69, 3.90)

32.65

1.10 (0.67, 1.80)

100.00

HR (95%CI)

% weight

Li (2014)

0.88 (0.59, 1.29)

15.83

Zhang (2014)

0.86 (0.58, 1.27)

15.62

Liu (2013)

0.58 (0.38, 0.98)

12.72

Wu (2013)

0.49 (0.34, 0.71)

16.94

Uenishi (2011)

0.70 (0.22, 2.24)

2.89

Zhou (2011)

0.73 (0.59, 0.91)

26.30

Zhang (2010)

0.46 (0.19, 1.09)

4.81

Asayama (2002)

1.64 (0.69, 3.90)

4.88

0.71 (0.58, 0.87)

100.00

Luo (2014)

0.73 (0.63, 0.85)

53.68

Jiang (2011)

0.88 (0.73, 1.04)

46.32

0.80 (0.67, 0.95)

100.00

China

2

Subtotal (I = 40.7%, P = 0.107)

non-China

2

Subtotal (I = 0.0%, P = 0.476)

0.19

1

5.26

D
Study ID
Mean age ≥ 55

2

Subtotal (I = 37.6%, P = 0.130)

Mean age < 55

2

Subtotal (I = 59.7%, P = 0.115)
Note: weight are from random effects analysis
0.19

1

5.26

Figure 4 Forest plots of the hazard ratio for the association of hepatitis B virus infection with overall survival by subgroup analysis. A: By sample size; B:
By tumor type; C: By study region; D: By mean age.
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Table 3 Meta-analysis of hepatitis B virus infection and clinicopathological features
n

Clinicopathological features
Gender (male vs female)
ALT (≥ 42 U/L vs < 42 U/L)
AST (≥ 37 U/L vs < 37 U/L)
TBIL(≥ 20 μmol/L vs < 20 μmol/L)
g-GT (≥ 64 U/L vs < 64 U/L)
AFP (≥ 20 ng/mL vs < 20 ng/mL)
CA19-9 (≥ 37 U/mL vs < 37 U/mL)
Cirrhosis (yes vs no)
Capsule formation (yes vs no)
Differentiation (well/moderate vs poor)
Tumor location (both lobes vs one lobe)
Tumor number (multiple vs single)
Tumor size (≥ 5 cm vs < 5 cm)
Lymph node metastasis (yes vs no)
Vascular invasion(yes vs no)

4
3
3
3
3
4
4
4
4
4
3
4
3
4
4

Cases

Analytical model

677
610
610
610
610
669
668
672
672
672
534
672
355
672
672

REM
REM
REM
FEM
REM
FEM
FEM
FEM
FEM
REM
FEM
FEM
FEM
FEM
REM

OR
1.91
1.23
1.93
0.91
0.77
3.86
0.47
6.44
6.04
0.86
0.76
0.91
0.72
0.39
1.10

95%CI

Heterogeneity

1.06-3.44
0.64-2.35
1.11-3.35
0.62-1.33
0.43-1.38
2.58-5.78
0.34-0.65
4.33-9.56
3.56-10.26
0.41-1.80
0.31-1.87
0.57-1.46
0.46-1.14
0.25-0.58
0.49-2.43

I 2 (%)

P value

55.0
63.3
52.8
0.00
61.7
0.00
0.00
38.8
31.9
73.5
0.00
0.00
37.9
0.00
69.0

0.084
0.066
0.120
0.979
0.074
0.804
0.806
0.179
0.221
0.010
0.995
0.983
0.200
0.990
0.021

FEM: Fixed-effects model; REM: Random-effects model; OR: Odds ratio; CI: Confidence interval; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; TBIL: Total bilirubin; g-GT: g-glutamyl transpeptidase; AFP: Alpha fetoprotein; CA19-9: Carbohydrate antigen 19-9.

A
ID

HR (95%CI)

% weight

Wu (2013)

0.90 (0.40, 2.31)

23.13

Zhou (2011)

2.20 (1.12, 4.32)

29.52

Zhou (2010)

3.28 (1.80, 5.52)

34.80

Asayama (2002)

1.09 (0.27, 4.47)

12.76

1.21 (1.06, 3.44)

100.00

HR (95%CI)

% weight

Wu (2013)

0.95 (0.41, 2.17)

20.00

Zhou (2011)

2.74 (1.34, 5.59)

30.09

Zhou (2010)

2.31 (1.45, 3.70)

43.25

1.93 (1.11, 3.35)

100.00

2

Overall (I = 55.0%, P = 0.084)

Note: weight are from random analysis
0.181

1

5.52

B
ID

2

Overall (I = 52.8%, P = 0.120)

Note: weight are from random analysis

0.179
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1

5.59
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C
ID

HR (95%CI)

% weight

Wu (2013)

2.83 (1.22, 6.57)

27.09

Peng (2011)

5.25 (1.31, 21.11)

0.26

Zhou (2011)

5.08 (1.83, 14.12)

15.39

Zhou (2010)

3.87 (2.22, 6.75)

51.26

3.88 (2.58, 5.78)

100.00

HR (95%CI)

% weight

Wu (2013)

0.28 (0.18, 0.80)

19.91

Peng (2011)

0.22 (0.10, 1.01)

9.22

Zhou (2011)

0.52 (0.27, 1.01)

22.49

Zhou (2010)

0.87 (0.33, 0.52)

48.33

0.47 (0.54, 0.55)

100.00

HR (95%CI)

% weight

Wu (2013)

3.10 (1.45, 0.93)

34.44

Peng (2011)

4.91 (1.43, 16.88)

10.04

Zhou (2011)

10.72 (3.93, 29.25)

14.30

Zhou (2010)

8.00 (4.50, 14.43)

41.23

6.44 (4.39, 9.56)

100.00

2

Overall (I = 0.0%, P = 0.804)

0.474

1

21.1

D
ID

2

Overall (I = 0.0%, P = 0.506)

0.104

1

2.54

E
ID

2

Overall (I = 38.8%, P = 0.179)

0.342
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29.3

3047

March 14, 2016|Volume 22|Issue 10|

Wang Z et al . Hepatitis virus and intrahepatic cholangiocarcinoma

F
ID

HR (95%CI)

% weight

Wu (2013)

15.00 (4.94, 45.51)

15.15

Peng (2011)

4.35 (0.92, 20.42)

10.93

Zhou (2011)

0.88 (1.51, 31.21)

13.99

Zhou (2010)

3.70 (1.74, 7.87)

58.92

6.04 (3.56, 10.26)

100.00

HR (95%CI)

% weight

Wu (2013)

0.43 (0.15, 0.99)

20.00

Peng (2011)

0.31 (0.06, 1.57)

8.62

Zhou (2011)

0.38 (0.17, 0.56)

26.12

Zhou (2010)

0.35 (0.20, 0.72)

44.55

0.39 (0.20, 0.85)

100.00

2

Overall (I = 31.5%, P = 0.221)

0.022

1

45.5

G
ID

2

Overall (I = 0.0%, P = 0.773)

0.076

1

56.1

Figure 5 Forest plots of odds ratios for the association of hepatitis B virus infection with clinicopathological features. A: Meta-analysis for gender; B: Metaanalysis for AST levels; C: Meta-analysis for AFP levels; D: Meta-analysis for CA19-9 levels; E: Meta-analysis for cirrhosis; F: Meta-analysis for capsule formation; G:
Meta-analysis for lymph node metastasis.

in HCV-infected cases are higher than those without
infection. Third, some patient deaths may be caused
by HCV-related chronic hepatic disease, not by tumor
malignancy.
Furthermore, we performed a subgroup analysis
for the correlation between HBV infection and overall
survival in ICC patients. The results showed that HBV
infection predicted a favorable outcome, regardless of
sample size, tumor type or patient age, which makes
this prognostic predictor and surveillance marker more
applicable. We also found that HBV infection was a
more favorable prognostic indicator in Chinese patients
than in patients from other countries. Because the
incidence of hepatitis virus infection and ICC varies
between countries, we expect that multi-center trials
will be needed to clarify the relationship between HBV/
HCV infections and the prognosis of ICC.
The NOS scale was applied to assess the quality
of the enrolled publications. Only high-quality studies
(NOS scale ≥ 6 points) were included to avoid
the potential impact of reports without sufficient
information on the reliability of our meta-analysis.

process to HCC. Furthermore, both cancers originate
from hepatic progenitor cells (HPC), which have the
[10,20]
ability to produce alpha-fetoprotein
. Several
studies have also suggested that serum CA19-9 is
correlated with tumor burden and predicts the high
probability of tumor recurrence and shorter overall
[21-23]
survival in ICC
. Therefore, we believe that virusassociated ICC, unlike ICCs caused by other risk
factors, shares more common clinicopathological
features with virus-associated HCC, which accounts for
the prognostic difference between patients with and
without hepatitis virus infection. In addition, our study
shows that HBV infection was correlated with a higher
prevalence of AST levels and cirrhosis, which could
be interpreted as HBV causing hepatic damage and
leading to liver cirrhosis.
Our results demonstrate that HCV infection
is an adverse prognostic marker for intrahepatic
cholangiocarcinoma. The first possible explanation
for this result is the high frequency of synchronous
[24]
HCC in ICC cases . The second possible reason is
that the operation risk and perioperative mortality
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A

clinical features in ICC, while HCV infection markedly
shortens OS in ICC patients. Thus, HBV and HCV
infections could be useful prognostic markers for
ICC. We expect that more well-designed studies will
be performed to further confirm and establish the
prognostic value of HBV/HCV infections in ICC patients.

Begg's funnel plot with pseudo 95% confidence limits
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Figure 6 Funnel plots of the studies included in the meta-analysis.
Hepatitis B virus and overall survival (OS); B: Hepatitis C virus and OS.

Intrahepatic cholangiocarcinoma is one of the common hepatic malignancies.
Pathologically, it consists of altered epithelial cells which originate from the
biliary system in the liver.

Moreover, all the patients enrolled in our review
were diagnosed by pathology and had at least a
3-year follow-up, which could make reporting more
convincing. In addition, significant publication bias was
not shown in our selected studies. Thus, our metaanalysis provides valid data and solid evidence for the
clinical procedure of ICC cases.
Although we comprehensively evaluated the
relationship between HBV/HCV infections and patient
survival in ICC, limitations exist in this study. First,
cohort studies are difficult to control for confounders,
which could influence the authentic prognostic value
of HBV/HCV infections in ICC. Second, most of the
cases enrolled in our review were from eastern Asia,
which could result in a sample bias. Considering that
the incidence of ICC is much higher in eastern Asia
[25]
than in the rest of the world , we believe that the
patients enrolled in our study are representative of ICC
patients. Third, a potential language bias may exist in
this meta-analysis, because non-English publications
were not included; however, the risk of language bias
would not result in significant bias in the evaluation of
interventional effectiveness.
To conclude, our research shows that HBV infection
is associated with a favorable prognosis and certain
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This is a well-performed meta-analysis of currently available studies on
the prognostic role of HBV and HCV infections in patients with intrahepatic
cholangiocarcinoma. The results are interesting and suggest a favorable
prognosis of ICC associated with HBV infection in comparison with HCV
infection.
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CASE REPORT

Transmural penetration of sigmoid colon and rectum by
retained surgical sponge after hysterectomy
Woo Young Shin, Chan Hyuk Im, Sun Keun Choi, Yun-Mee Choe, Kyung Rae Kim

Abstract

Woo Young Shin, Chan Hyuk Im, Sun Keun Choi, Yun-Mee
Choe, Kyung Rae Kim, Department of Surgery, Inha University
Hospital, Inha University College of Medicine, Incheon 400-711,
South Korea

Gossypiboma is a surgical sponge that is retained in
the body after the operation. A 39-year-old female
presented with vague lower abdominal pain, fever,
and rectal discharge 15 mo after hysterectomy. The
sponge remaining in the abdomen had no radiopaque
marker. Therefore a series of radiographic evaluations
was fruitless. The surgical sponge was found in the
rectosigmoid colon on colonoscopy. The sponge pene
trated the sigmoid colon and rectum transmurally,
forming an opening on both sides. The patient underwent
low anterior resection and was discharged without
postoperative complications.
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Core tip: This case involved an unusual migration and
placement of a retained surgical sponge; the retained
sponge penetrated the intestinal submucosa and
migrated to the sigmoid colon and rectum, causing
formation of a fistula which had two openings. In this
case, the importance of the radiopaque marker was
reviewed. Surgical materials with radiopaque markers
should be used, which make diagnosis significantly in
suspected cases of material being left in the abdominal
cavity. Without the radiopaque markers, diagnosis
of a retained sponge is difficult, as was the situation
in this case. We emphasize the importance of using
radiopaque-labeled sponges in all abdominal operations
and vigilant adherence to surgical material count in all
procedures.
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A

INTRODUCTION
Reports of retained surgical sponge, or gossypiboma,
are infrequent. Due to its relative rarity and medicolegal implications, it is difficult to determine whether
there has been an occurrence. Although several cases
of complete migration of surgical gauze or sponge
into the colon have been reported, to the best of
our knowledge, the following case is a rare case of
gossypiboma caused by transmural penetration of the
colon by a retained surgical sponge. This case was
referred from an overseas institution.

B

CASE REPORT
A 39-year-old Uzbekistan female presented with
complaints of vague lower abdominal pain, febrile
sense, and purulent rectal discharge for a month. She
had undergone a hysterectomy for myoma uteri in
Uzbekistan approximately 15 mo prior to this visit. On
physical examination, she appeared to be chronically
ill. Vital signs were stable and within normal limits.
No particular abdominal findings were observed
on physical examination, except mild suprapubic
tenderness, and a lower midline laparotomy scar was
noted. On digital rectal examination, anal sphincter
tone was normal with hemoccult-negative stool. Blood
tests included a hemoglobin level of 14.1 g/dL, a white
blood cell count of 14600/μL, and a platelet count of
354000/μL. Urinalysis and admission panel including
liver function test were negative.
An abdominal plain radiography showed no
remarkable findings and an abdominal computed
tomography displayed only bowel wall thickening and
mucosal enhancement in the rectosigmoid area with
pericolic inflammatory change (Figure 1). Colonoscopy
showed that the retained sponge had penetrated the
sigmoid colon and rectum transmurally, forming an
opening on both sides (Figure 2).
The patient underwent a median laparotomy via
a prior surgical incision line. An elongated masslike lesion was felt within the left lateral wall of the
rectosigmoid colon (Figure 3A). There were no
other significant findings. Because of the severe
local inflammatory process related to the entrance
site of the retained sponge, a low anterior resection
was performed for removal of this mass. When
opened, the specimen revealed an abnormal fistulous
communication through the wall of the sigmoid colon
and rectum (Figure 3B and C). The foreign body was
an undamaged surgical sponge without a radiopaque
marker, measuring 20 cm × 20 cm (Figure 3D). The
postoperative course was uneventful and the patient
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Figure 1 Computed tomography during venous phase of contrast injection.
Each red rectangle in axial (A) and coronal (B) computed tomographic images
indicates wall thickening and mucosal enhancement of the rectosigmoid colon.

was discharged without complications on the 13
postoperative day.

th

DISCUSSION
We report on a case in which a surgical sponge
completely penetrated the intestinal submucosa and
migrated to the lower sigmoid colon and upper rectum,
causing formation of a fistula, which had two openings,
one to the sigmoid colon and the other to the rectum.
To the best of our knowledge, this was an unusual
migration and placement of a surgical sponge.
Unintentional retainment of surgical material in
the abdomen usually requires a reoperation which
increases risk of mortality and morbidity of the patient,
[1]
cost, and medico-legal implications . The retained
sponge occurs commonly at the long operative pro
cedure during which there is a change of the scrubbed
nursing staff. The meticulous sponge count do not
prevent the retention of surgical sponge, but minimized
its occurrence. Diagnosis of a gossypiboma can be
difficult if there is no radiopaque marker on the sponge
itself. The possibility of retained surgical material
should be considered in any postoperative patient who
presents with pain, infection, or a palpable mass in the
[2-4]
abdomen .
Appearance of symptoms due to a retained sur
gical sponge depends on the degree of bacterial
[2]
contamination at the time of surgery . There are
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A

B

Figure 2 Colonoscopic findings. The penetrated surgical sponge had formed two openings of the fistula to the sigmoid colon (A) and the rectum (B), respectively.

A

B

Cephalad

Gauze
Rectum
Sigmoid

Right

Left

Caudad

C

Gauze

D

Figure 3 Operative and specimen findings. A mass like lesion found in the left lateral wall of the rectosigmoid colon (A); Surgical sponge penetrated to the
submucosal layer of the sigmoid colon and rectum and migrated to form a fistula (B and C); Retained surgical sponge (D).

two usual responses to a retained surgical sponge
which lead to detection. The sponge can cause an
inflammatory reaction which leads to formation of an
[2,5]
abscess . It can also trigger a fibrotic reaction and
[6,7]
development of a mass . Formation of an abscess
is known to be associated with transmural migration.
The bacterial infection and abscess formation leads to
intestinal perforation, which initiates the migration of the
sponge into the lumen of the bowel. Internal fistulation
is a major feature in this phase. Migration of the sponge
into the bowel lumen may cause intestinal obstruction
or spontaneous passage of the sponge to the rectum to
[2]
be defecated .
Postoperative patients with retained surgical
materials might present with obvious signs like a

WJG|www.wjgnet.com

palpable mass in the abdomen, however diagnosis is
often difficult. Currently, radiopaque markers are used
widely. However, identifying a surgical material on a
radiograph can be difficult because the marker may
be folded, twisted, or it may disintegrate over a period
[8]
of time. For example, Kopka et al reported that
this marker was seen in only 9 of 13 patients with a
radiopaque-labeled retained sponge. Ultrasonography,
computed tomography, or magnetic resonance imaging
is usually performed when diagnosis cannot be made
from a plain x-ray image. Computed tomographic
images can reveal air bubbles and whirl-like or spon
giform pattern. The sponge may be visualized as a
[8,9]
hypodense mass with a thick peripheral rim .
Retained surgical material should be removed in
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Related reports

most cases. However in some cases, attempting to
remove the surgical material may cause more harm
than the material itself, although it is usually a small
[6]
piece of surgical material or a needle . Opening the
previous operation site can be attempted when the
material must be removed. If possible, endoscopic or
[10]
laparoscopic approaches may be attempted .
In this case, the importance of the radiopaque
marker was reviewed. Surgical materials with radio
paque markers should be used, which can make
diagnosis significantly easier in suspected cases
of material left in the abdominal cavity. Without
radiopaque markers, diagnosis of retained sponges
is difficult, as was the situation in this case. New
technologies including an electronic article surveillance
system that may decrease the incidence of retained
[11]
surgical materials are being developed . However,
above all, we emphasize the importance of using a
radiopaque-labeled sponge in all abdominal operations
and vigilant adherence to surgical material count in all
procedures.

Although several cases of gossypiboma such as complete migration into the
bowel have been reported, to the best of our knowledge, this unique type of
gossypiboma caused by transmural penetration of sigmoid colon and rectum
seems to be the first report.

Term explanation

Gossypiboma or more broadly retained foreign object is the technical term for
a surgical complications resulting from foreign materials, such as a surgical
sponge, accidentally left inside a patient’s body.

Experiences and lessons

Surgical materials with radiopaque markers should be used, which can
make diagnosis significantly easier in suspected cases of material left in the
abdominal cavity. Without radiopaque markers, diagnosis of retained sponges
is difficult, as was the situation in this case.

Peer-review

This case report in interesting and supported with good figures.
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Case characteristics

A 39-year-old Uzbekistan female presented with complaints of vague lower
abdominal pain, febrile sense, and purulent rectal discharge for a month.
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Clinical diagnosis

On physical examination, there was mild suprapubic tenderness, and a lower
midline laparotomy scar was noted.

4

Differential diagnosis

5

Differential diagnosis included intra-abdominal locally expansile masses such
as hematomas, abscesses, neoplastic lesions and fecalomas. Other conditions,
such as postoperative adhesion, intussusception and mesenteric panniculitis
should be considered among diagnostic possibilities.

6

Laboratory diagnosis

Blood tests included a hemoglobin level of 14.1 g/dL, a white blood cell count
of 14600/μL and a platelet count of 354000/μL. Urinalysis and admission panel
including liver function test were negative.

7

Imaging diagnosis

8

An abdominal plain radiography showed no remarkable findings and an
abdominal computed tomography displayed only bowel wall thickening and
mucosal enhancement in the rectosigmoid area with pericolic inflammatory
change.

9

Pathological diagnosis

10

The pathological report revealed a fistulous tract formation between sigmoid
colon and rectum with chronic inflammation and foreign body reaction in the
sigmoid colon and rectum.

11

Treatment

The patient underwent a low anterior resection.
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Abstract
Lymphoepithelioma-like gastric carcinoma is a rare
type of gastric cancer characterized by a carcinoma
with intense stromal lymphocytic infiltration. Although
lymphocytic infiltration is closely associated with EpsteinBarr virus (EBV) infection, concomitant occurrence
with differentiated adenocarcinoma is relatively rare.
The clinical manifestations of lymphoepithelioma-like
gastric carcinoma (including EBV-positive and -negative
forms) are similar to those of gastric cancer, and
the diagnosis is based on pathologic, histologic, and
immunohistochemical findings. This report describes the
case of a 55-year-old female patient who presented with
a 10-year history of recurrent and worsening abdominal
pain and melena that had been occurring for 2 mo.
An ulcerative lesion was detected in the stomach by
endoscopic examination, which raised suspicion of early
gastric cancer. A subsequent preoperative endoscopic
biopsy showed adenocarcinoma, but the postoperative
pathologic, histologic, and immunohistochemical
analyses of the resected specimen revealed a final
diagnosis of lymphoepithelioma-like gastric carcinoma.
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Core tip: Lymphoepithelioma-like gastric carcinoma
is a rare subtype of gastric carcinoma with a better
survival rate than other gastric cancers. It is similar
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to gastric cancer, with no obvious early symptoms.
Lymphoepithelioma-like gastric carcinoma is difficult to
discern from biopsy specimens because of the stromal
lymphocyte infiltrates. As preoperative diagnosis is
difficult and it is easily misdiagnosed, cases are usually
diagnosed pathologically after tumor surgery. In order
to gain a detailed understanding of this rare disease,
we reviewed the literature and report here on a recent
case of epithelioid gastric cancer in our hospital.

admission, she was pale with normotensive blood
pressure (105/68 mmHg), normal cardiac rhythm (85
beats/min) and ventilation rate (16 breaths/min).
The patient was then transferred to the gastro
enterology ward and underwent a physical exami
nation, which was unremarkable except for her pale
appearance. Laboratory results revealed decreased
hemoglobin (66 g/L) and hematocrit (0.208) levels,
but an elevated urea nitrogen level (9.74 mmol/L).
Meanwhile, no abnormal findings were detected by
the chest radiograph or CT. However, gastroscopic
examination revealed that the patient had a typical
ulcerative lesion (malignancy could not be excluded)
close to the gastric antrum, with an advanced damaged
area of 3.0 cm × 3.5 cm (Figure 1A). A subsequent
biopsy analysis revealed inflammatory changes. After
the standard treatment of blood transfusion, acid
suppression and protection of the gastric mucosa,
the patient’s symptoms improved and she was
discharged from the hospital. As the possibility of
GC was not completely eliminated, the patient was
asked to continue the drug treatment and return one
month later. The follow-up endoscopy showed that
the ulcer remained unhealed (Figure 1B), while the
biopsy revealed no malignancy. Accordingly, the drug
treatment was combined with Helicobacter pylori
eradication therapy for another month. Histologic typing
at this time revealed an adenocarcinoma.
The patient was transferred to our general surgery
unit for surgical treatment. In view of the patient’s general
condition, laparoscopic-assisted radical gastrectomy
was performed under general anesthesia. Intrasurgical
observation revealed that the tumor situated in the
antrum had not invaded the serosa. Thus, groups
of 1-8 lymph nodes were cleared, and the tumor
was treated by distal subtotal gastrectomy. After
providing continuous decompression, active antibiotics
(cefotaxime sodium), acid-base balance fluid, rehy
dration, and other supportive treatment, the further
postoperative course was uneventful and the patient
recovered well.
Postoperative pathologic analyses (Figure 2) showed
that the tumor was composed of epithelial cell nests
surrounded by large numbers of lymphocyte plasma
cells, which was consistent with lymphoepithelial
carcinoma with deep myometrial invasion (tumor
size was about 5.5 cm × 4.0 cm × 1.0 cm). Analysis
of the upper and lower margins revealed no cancer
tissue. Additionally, no lymph node metastasis was
found in the regional lymph nodes. Furthermore,
immunohistochemical analysis (Figure 3) indicated that
the tumor cells were intensely positive for Ckpan and
negative for CD3 and CD20. On the other hand, no
expression of chromogranin, synaptophysin, or neuronspecific enolase was observed.
The patient did not receive any adjuvant chemo
therapy or radiotherapy postoperatively, and she
remains well without further evidence of the disease.
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INTRODUCTION
Gastric cancer is the second leading cause of cancer
[1]
mortality in the world . Lymphoepitheliomalike gastric carcinoma (LELGC), first described by
[2]
Watanabe et al in 1976 as gastric carcinoma with
a lymphoid stroma, is an uncommon subtype of
gastric carcinoma (GC), which has a better survival
rate than other GCs. LELGC comprises approximately
[3,4]
4% of all GCs , and its simultaneous occurrence
with differentiated adenocarcinoma is relatively
[5]
rare. Lymphoepithelial carcinoma , a type of undiffe
[6]
rentiated nasopharyngeal carcinoma with lymphoid
stroma and non-keratinizing squamous cells, has
distinguishing clinical, epidemiologic, and etiologic
features. Lymphoepithelioma-like carcinomas (LELCs)
are well known to occur in the nasopharynx. In
comparison, LELGCs, which histologically resemble
[7]
lymphoepithelioma , are not found in the nasopharynx
[8]
but in various organs such as the stomach, lungs ,
[9]
[10]
tonsils, esophagus , salivary glands , thymus,
[11]
[12]
cervix , and skin . LELGCs tend to lack continuous
sheets of cancer cells, but rather consist of small
clusters and aggregates of cancer cells that are broken
[7]
up by large numbers of intratumoral lymphocytes .
In order to acquire better insight into this rare disease,
we review the literature here and report on a recent
case of epithelioid gastric cancer in a patient from our
hospital.

CASE REPORT
A 55-year-old woman was admitted to our hospital
with a 10-year history of persistent abdominal pain,
acid regurgitation, and heartburn. Two months prior
to admittance to the hospital she had visited the
emergency room with complaint of dizziness, fainting
spells, cold sweat, amaurosis fugax, and melena. The
patient had a history of multiple leiomyoma resection
and use of nonsteroidal anti-inflammatory drugs. On
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Figure 1 Endoscopic findings. A: The patient had a typical ulcerative lesion close to the gastric antrum; B: Follow-up endoscopy showed that the ulcer remained
unhealed.
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Figure 2 Hematoxylin-eosin staining of biopsy specimens indicated
lymphoepithelioma-like gastric carcinoma.
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Figure 3 Immunohistochemical staining. The tumor was positive for Ckpan
(A), and negative for CD3 (B) and CD20 (C).
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Histopathologic analysis findings from our case
were similar to those found in all previously reported
cases, including characteristics such as a syncytial
growth pattern, round-to-large vesicular nuclei, and
prominent nucleoli. The nests of epithelial tumor cells
were associated with an intense and accentuated
[26]
lymphoid infiltrate . Accurate diagnosis was aided
by immunohistochemical staining for a panel of
epithelial markers and common leukocyte antigens.
Generally, immunohistochemical staining shows nests
that are positive for cytokeratin, carcinoembryonic
antigen, and epithelial membrane antigen, suggesting
epithelial origin, and the interstitial lymphoid tissue,
or T lymphocyte clones. In the present report, the
immunohistochemical profile of the neoplastic cells
showed strong positivity for cytokeratin.
In a previous study, the rate of 12-year diseasefree survival in patients with LELC was reported to be
[27]
approximately 95% , suggesting that the extensive
lymphocytic infiltration contributes to a low risk of
tumor spread and a better prognosis. In fact, a lower
rate of lymph node involvement has been found in
LELC, especially during its early stage within the
[28]
submucosa . Accordingly, a lymphadenectomy did
not seem necessary in our case. Surgical resection
of LELGC and adjuvant short-term chemotherapy
offered a good prognosis. Homogeneous LELCs have
a significantly better prognosis than other types of
stomach cancer. Indeed, the 5-year survival rate
is significantly higher than that of non-lymphoid
epithelioma gastric cancer and there have been reports
[28,29]
of a 5-year survival of 59%
, reaching 62% for the
[30]
pure type .
In summary, LELCs of the stomach are rare neoplasms,
thought to be associated with EBV infection. Diagnosis
is based on pathologic, histologic, and immuno
histochemical analyses. LELGC is difficult to identify
in biopsy specimens due to the stromal lymphocyte
infiltrates. This tumor type generally has a better
prognosis than other forms of EBV-associated GCs and
[28]
conventional GCs .

DISCUSSION
LELGC is a type of GC with distinctive clinicopathologic
features, including stromal, intense lymphocytic
infiltration. EBV is believed to be a possible factor in
[13]
the etiology of lymphoepithelioma-like tumors . The
worldwide prevalence of EBV infection among GCs has
been reported as 8.29% for gastric adenocarcinoma,
7.08% for the intestinal type and 9.82% for the
[14]
diffuse type . EBV was the ﬁrst virus found in human
neoplastic cells, the Burkitt’s lymphoma cell line,
[15]
in 1964 , and subsequent studies have identiﬁed
the virus in a variety of malignant neoplasms. Two
subsets of gastric cancer, namely EBV-positive and
microsatellite instability-high cancers, have been linked
[16]
with a lymphocyte-rich phenotype . Additionally, EBV
infection is reported to be associated with a majority
of the nasopharyngeal carcinomas and a few of the
[17]
LELCs . Specifically, more than 90% of LELGCs
occurring in areas other than the foregut were reported
[18]
to be EBV-positive . EBV-associated LELGC occurs
[19]
more frequently in men . As most cases of gastric
cancer, the disease is usually prevalent among the
elderly, and although some reports have indicated that
[18,20]
tumors occur in younger patients
, a meta-analysis
[21]
did not confirm these reports . In addition, while
it has been shown in LELGC that only EBV-infected
progenitor cells exhibit monoclonal proliferation, the
exact mechanism whereby EBV contributes to gastric
mucosa carcinogenesis, though a hot topic in cancer
research, is still uncertain. Our patient refused to do
EBV testing because of personal economic reasons.
LELGC is similar to GC in various aspects, such as
no obvious early symptoms and occasional abdominal
pain as the disease progresses. Additionally, there
may be aggravated abdominal pain, loss of appetite,
fatigue, weight loss, etc. The occurrence of LELCs with
[22]
epithelioid granulomas has rarely been reported .
Hence, most radiologists are not familiar with these
tumors. In the present case, imaging analysis revealed
no lymph node or distant organ metastasis. This
is because the spread of the tumors through the
gastric wall may have been prevented by abundant
[22,23]
lymphocytic and granulomatous reactions
. Because
preoperative diagnosis of LELGC is difﬁcult, most cases
are diagnosed pathologically after tumor surgery,
[24]
even if endoscopic biopsy is performed . Indeed, a
definitive diagnosis of LELGC could not be established
in the present case from the sample obtained from
endoscopic biopsy, as this disease is pathologically
characterized by prominent lymphocytic infiltration,
which often obscures the neoplastic epithelial com
ponent. Furthermore, small LELGCs are easily and
frequently missed by endoscopic ultrasound fineneedle aspiration. Endoscopic mucosal resection is
recommended for diagnosis and potential curative
[25]
resection of gastric submucosal lesions . In our case,
despite thrice performing endoscopic biopsy, we were
initially unable to make an accurate diagnosis.

WJG|www.wjgnet.com
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Case characteristics

A 55-year-old female patient, whose preoperative endoscopic biopsy showed
adenocarcinoma, was finally diagnosed with lymphoepithelioma-like gastric
carcinoma (LELGC) according to findings of postoperative pathology and
immunohistochemistry of the resected specimen.

Clinical diagnosis

LELGC had no obvious early symptoms, and gastroscopy revealed a typical
ulcerative lesion.

Differential diagnosis

Lymphoepithelial carcinoma discovered in nasopharynx, which histologically
resembles lymphoepithelioma-like carcinoma (LELCs).

Laboratory diagnosis

A decreased level of hemoglobin (66 g/L) and hematocrit (0.208), and increased
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urea nitrogen (9.74 mmol/L).

9

Imaging diagnosis

The CT appearance of LELCs with epithelioid granulomas has not been
reported previously.

10

Pathological diagnosis

11

Treatment

12

LELCs are pathologically characterized by a pronounced lymphocytic inﬁltrate,
which often obscures the neoplastic epithelial component.

Surgical resection of LELGC and adjuvant short-term chemotherapy has a
good prognosis. The patient refused to receive any adjuvant chemotherapy
or radiotherapy postoperatively, but did accept and receive oral proton pump
inhibitor conservative treatment.

13

Related reports

There are a few cases of LELGC reported in the literature.

14

Term explanation

Immunohistochemical staining is widely used in the diagnosis of abnormal
cells, such as those found in cancerous tumors. Specific molecular markers
are characteristic of particular cellular events, such as proliferation or cell death
(apoptosis).

15
16

Experiences and lessons

This case report represents the diagnosis and therapeutic strategy for LELGC,
and patients with non-healing ulcers on standard treatment should be evaluated
for possible malignant tumors using immunohistochemical analyses for
differential diagnosis when necessary.

17

Peer-review

18

The authors performed a good literature review. Although this condition is not
that rare, it deserves further recognition.

19
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CASE REPORT

Rupture of sigmoid colon caused by compressed air
Wan-Bin Yin, Ji-Lin Hu, Yuan Gao, Xian-Xiang Zhang, Mao-Shen Zhang, Guang-Wei Liu, Xue-Feng Zheng,
Yun Lu

Abstract

Wan-Bin Yin, Ji-Lin Hu, Yuan Gao, Xian-Xiang Zhang, MaoShen Zhang, Guang-Wei Liu, Xue-Feng Zheng, Yun Lu,
Department of General Surgery, Affiliated Hospital of Qingdao
University, Qingdao 266500, Shandong Province, China

Compressed air has been generally used since the
th
beginning of the 20 century for various applications.
However, rupture of the colon caused by compressed
air is uncommon. We report a case of pneumatic
rupture of the sigmoid colon. The patient was admitted
to the emergency room complaining of abdominal pain
and distention. His colleague triggered a compressed
air nozzle against his anus as a practical joke 2 h
previously. On arrival, his pulse rate was 126 beats/min,
respiratory rate was 42 breaths/min and blood pressure
was 86/54 mmHg. Physical examination revealed
peritoneal irritation and the abdomen was markedly
distended. Computed tomography of the abdomen
showed a large volume of air in the abdominal cavity.
Peritoneocentesis was performed to relieve the tension
pneumoperitoneum. Emergency laparotomy was done
after controlling shock. Laparotomy revealed a 2-cm
perforation in the sigmoid colon. The perforation was
sutured and temporary ileostomy was performed
as well as thorough drainage and irrigation of the
abdominopelvic cavity. Reversal of ileostomy was
performed successfully after 3 mo. Follow-up was
uneventful. We also present a brief literature review.
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Core tip: Rupture of the sigmoid colon caused by
compressed air is uncommon. Most of the injuries
occur around the junction of the rectum and sigmoid
colon. Abdominal distention and pain develop abruptly,
and if colon perforation also occurs, symptoms of
peritoneal irritation are also present. The diagnosis is
not difficult if the patient has a history of abdominal
pain and distention after exposure to compressed air.
The management of pneumatic colon injury has two
aspects: tension pneumoperitoneum and colon injury.
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Moreover, in our opinion, prevention and treatment of
shock is essential. The prognosis has been favorable in
recent years.
Yin WB, Hu JL, Gao Y, Zhang XX, Zhang MS, Liu GW, Zheng
XF, Lu Y. Rupture of sigmoid colon caused by compressed air.
World J Gastroenterol 2016; 22(10): 3062-3065 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i10/3062.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i10.3062

INTRODUCTION
Compressed air has been used in industry since the
th
beginning of the 20 century for various applications.
However, rupture of the colon caused by compressed
air is uncommon. Pneumatic colorectal injury occurs
due to pranks or dusting clothes with compressed air.
This injury can occur without inserting the air hose into
the anus. We encountered a similar case that needed
emergency surgical intervention.

Figure 1 X-rays taken in the supine position, showing a large volume of
air in the abdominal cavity, and elevated diaphragm.

ileostomy was done successfully after 3 mo. Follow-up
was uneventful 1 year later.

CASE REPORT
A 36-year-old man was admitted to the emergency
room complaining of abdominal pain and distention.
About 2 h before his arrival to hospital a colleague
placed, as means of a practical joke, a compressed
air nozzle 10 cm distant from his anus. On arrival, his
pulse rate was 126 beats/min, respiratory rate was 42
breaths/min and blood pressure was 86/54 mmHg.
Physical examination revealed signs of peritoneal
irritation and the abdomen was markedly distended
like a large ball. X-rays taken in the supine showed
a large volume of air in the abdominal cavity and
elevated diaphragm (Figure 1). Urgent computed
tomography showed a large volume of air under the
diaphragm (Figure 2A), and in the abdominal (Figure
2B) and pelvic cavity (Figure 2C). Arterial blood gas
analysis showed pH 7.40, partial pressure of oxygen
70 mmHg, partial pressure of CO2 38 mmHg, and
oxygen saturation 88%. Other laboratory results were
within normal limits, except white blood cell count of
9
11.2 × 10 /L.
A diagnosis of perforation of the gastrointestinal
tract and acute diffuse secondary peritonitis was made.
A nasogastric tube was inserted and peritoneocentesis
was done with a 23-gauge needle to relieve the
tension within the pneumoperitoneum. Emergency
laparotomy was done after controlling shock. A
perforation approximately 20 mm long was found
in the distal sigmoid. The perforation was sutured
and temporary ileostomy was performed as well as
thorough drainage and irrigation of the abdominopelvic
cavity. Considering rupture of the sigmoid colon and
intra-abdominal fecal contamination, ileostomy was
performed to prevent intestinal fistula. Reversal of

WJG|www.wjgnet.com

DISCUSSION
As the use of compressed air in industry has increased,
so has the risk of barotrauma. Colorectal rupture
due to compressed air mostly occurs as a result of
triggering a compressed air nozzle against the anus as
a practical joke, or the practice of dusting clothes with
[1]
compressed air . A PubMed search was performed
using key words “colon” and “compressed air”, and
only English language articles were collected. Eight
cases of colorectal injury (including our case) caused
by compressed air were retrieved between 1994 and
2015 (Table 1).
The normal colon can withstand high intraluminal
pressures before rupture occurs. When pressure
increases progressively, the serosal layer is the first
[2-4]
to split, followed by the muscle, then the mucosa .
The average pressure needed to cause full thickness
tearing of the human gastrointestinal tract is 0.29
2[3]
kg/cm . Gaseous jets are elastic and expand in all
directions, adapting to their surroundings, bending and
[1]
twisting, and causing eddy currents . So, colorectal
injury may occur when the nozzle is merely placed
in the vicinity of the anus, even when clothes are
[1,2,5]
worn
. As the anal canal and distal rectum are well
supported by external structures, the rectosigmoid
region, with the firm lateral support of the rectum, is
the first part of the colon to be struck by a column of
[6,7]
air . Therefore, most of the injuries occur around the
[1,3,5,6]
junction of the rectum and sigmoid colon
. Colon
perforation can occur singularly or multiply at any site
[3,6]
of the colon .
Clinical manifestations vary, depending on the
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A

Table 1 Eight cases of colorectal rupture caused by
compressed air between 1994 and 2015
Case First author Year

B

1

Kinjyo

2
3
4
5
6
7

Suh
Suh
Kim
Zunzunegui
Pahwa
Sy

8

Yin1

1994

Sex

Age
(yr)

Site of
perforation

Outcome

Male

23

Hepatic flexure
of colon
Sigmoid colon
Sigmoid colon
Sigmoid colon
Sigmoid colon
Sigmoid colon
Transverse
colon
Sigmoid colon

Alive

1996 Female
1996 Male
2000 Male
2002 Male
2012 Male
2014 Male

58
55
33
29
30
4

2015

36

Male

Alive
Alive
Alive
Alive
Alive
Alive
Alive

1

Current case.
[1,4,5]

embarrassment
. The uniformity of the tympany
[1]
over the entire abdomen is considered diagnostic .
Computed tomography of the abdomen showing a
large volume of air in the abdominal cavity will confirm
the diagnosis. Although most cases are diagnosed on
the initial visit, some cases of delayed colonic rupture
[6]
have been occasionally reported .
The management of pneumatic colon injury has two
[3]
aspects: tension pneumoperitoneum and colon injury .
Moreover, in our opinion, prevention and treatment
of shock are essential. Abdominal paracentesis with
a needle is a simple and useful method to relieve the
tension within the pneumoperitoneum and respiratory
distress, which should be performed as quickly as
[1-3,5]
possible
. Early emergency laparotomy, after
controlling shock, is recommended as soon as the
[1,6,7]
diagnosis of full-thickness perforation is made
.
Primary repair or resection and anastomosis with or
[1,3,9]
without diversion should be performed
. Thorough
drainage and irrigation of the contaminated abdo
minopelvic cavity is advisable. Careful observation
following surgery is important since rupture of the colon
[3,4,6]
may have delayed presentation
. The convalescence
of some patients may be complicated by marked
psychological upset. Therefore, psychotherapy is
necessary and should be kept in mind.
The prognosis is favorable and none of the eight
patients (including our case) retrieved from the
PubMed search between 1994 and 2015 died.
In conclusion, rupture of the sigmoid colon caused
by compressed air is uncommon. Early emergency
laparotomy, after controlling shock, is recommended
as soon as the diagnosis of full-thickness rupture is
made.

C

Figure 2 Computed tomography scan showing a large volume of air
under the diaphragm (A), a large volume of air in the abdominal cavity (B)
and in the pelvic cavity (C).

extent of colonic injury. Abdominal distention and
pain develop abruptly, and if colon perforation also
occurs, symptoms of peritoneal irritation are also
[3]
present . The enormous ballooning of the abdomen
and respiratory distress due to tension within the
[3,7]
pneumoperitoneum are characteristics
. High
intraperitoneal air pressure can compress the inferior
vena cava and cause obstructive shock. Feces in the
peritoneal cavity may cause septic shock. Barotrauma
may cause traumatic shock. In addition, pneumothorax
[2,8]
and rhabdomyolysis may be present .
The diagnosis is not difficult if the patient has
a history of abdominal pain and distention after
exposure to compressed air. However, a history in
these cases may be obscure. Some patients may
withhold information and attempt to conceal the
facts, trying to protect the guilty party or due to
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A 36-year-old man presented with abdominal pain and distention.

Clinical diagnosis

Physical examination revealed signs of peritoneal irritation and the abdomen
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Differential diagnosis

interesting rare case of rupture of sigmoid colon.

Laboratory diagnosis
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Imaging diagnosis

Urgent computed tomography showed a large volume of air under the
diaphragm, and in the abdominopelvic cavity.
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Pathological diagnosis
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There was no specimen for pathological diagnosis.
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Abstract
Since its emergence in 2000, small bowel capsule
endoscopy (SBCE) has assumed a pivotal role as an
investigation method for small bowel diseases. The
®
PillCam SB2-ex offers 12 h of battery time, 4 more
than the previous version (SB2). Rahman et al recently
®
found that the PillCam SB2-ex has a significantly
increased completion rate, although without higher
diagnostic yield, compared with the SB2. We would
like to discuss these somewhat surprising results and
®
the new potentialities of the PillCam SB3 regarding
®
the diagnostic yield of small bowel studies. PillCam SB3
offers improved image resolution and faster adaptable
frame rate over previous versions of SBCE. We recently
compared the major duodenal papilla detection rate
®
obtained with PillCam SB3 and SB2 as a surrogate
indicator of diagnostic yield in the proximal small
®
bowel. The PillCam SB3 had a significantly higher
®
major duodenal papilla detection rate than the PillCam SB2
(42.7% vs 24%, P = 0.015). Thus, the most recent
®
version of the PillCam capsule, SB3, may increase
diagnostic yield, particularly in the proximal segments
of the small bowel.
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Core tip: Rahman et al recently found that the 12
®
h PillCam SB2-ex has a significantly increased
completion rate, although without higher diagnostic
®
yield, compared with the 8 h PillCam SB2. We
compared the major duodenal papilla detection rates
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®

[6]

between the PillCam SB3 and SB2 as a surrogate
indicator of diagnostic yield in the proximal small
®
bowel. The PillCam SB3 had a significantly higher
®
major duodenal papilla detection rate than the PillCam SB2
(42.7% vs 24%, P = 0.015). Thus, the most recent
®
version of the PillCam capsule, SB3, may increase
diagnostic yield, particularly in the proximal segments
of the small bowel.

examinations .
Our experience in small bowel capsule endoscopy
®
shows that the most recent version of the PillCam capsule
(SB3) may increase diagnostic yield, particularly in the
[7]
proximal segments of the small bowel .
®
Indeed, the PillCam SB3 improves image resolution
and enables a variable frame rate, automatically
recognizing the velocity at which it is moving and
consequently adjusting the camera to shoot between 2
and 6 frames per second.
Recently, we retrospectively reviewed the last 75
®
cases of PillCam SB2 examination and the first 75
®
cases of PillCam SB3 examination (up to 12 h of
battery life) performed at our center from May 2013 to
October 2014. The capsule endoscopic findings of the
first tertile were reviewed at a rate of 12 images per
second by two experienced capsule readers.
We compared the major duodenal papilla detection
®
rates between the PillCam capsule SB3 and SB2 as
a surrogate indicator of the diagnostic yield proximal
small bowel.
We excluded patients whose capsule was placed in
the duodenum with endoscopic support, patients who
underwent previous surgery, and patients with poor
bowel preparation. None of the patients received bowel
preparation.
The major duodenal papilla was detected in a total
of 50 patients (33%): 18 with SB2 (24%) and 32
with SB3 (42.7%) (P = 0.015). The mean number
of frames in which the major duodenal papilla was
visualized was 7.3 (range 1-63), with no significant
®
difference between the two generations of the PillCam
(P = 0.23) (1.7 ± 5.7 and 3.2 ± 8.5, SB2 and SB3,
respectively).
Besides the rapid transit of the capsule through
the duodenum and jejunum and the possibility of
incomplete examination of the small bowel, other
factors may also directly impair the diagnostic yield
of capsule endoscopy, such as poor view quality, folds
and loop angulations hiding lesions, lack of insufflation,
[4]
and intermittent image capture .
Despite increased major duodenal papilla detection
®
with the PillCam SB3, higher than most studies
[6]
reported , in 57% the major papilla is still not
visualized, meaning that the risk of missing significant
pathologies in the proximal small bowel decreased but
was not entirely eliminated.
Nevertheless, we believe that a variable frame rate
according to the speed of the capsule may offer real
advantages over a longer battery life, and may be the
way to achieve a higher diagnostic yield in small bowel
capsule endoscopy, particularly in proximal segments
of the small bowel, although further investigation is
needed to validate this hypothesis.

Monteiro S, de Castro FD, Carvalho PB, Moreira MJ, Rosa B,
Cotter J. PillCam® SB3 capsule: Does the increased frame rate
eliminate the risk of missing lesions? World J Gastroenterol
2016; 22(10): 3066-3068 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i10/3066.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i10.3066

TO THE EDITOR
We read with great interest the paper by Rahman
[1]
et al entitled “Comparison of diagnostic yield and
outcomes between standard 8 h capsule endoscopy
and the new 12 h capsule endoscopy for investigating
small bowel pathology”.
Over the last decade, many technical improvements
in capsule endoscopy have been made in order to
increase its diagnostic yield in small bowel studies,
including longer battery time, wider angle of view,
faster adaptable frame rate, and improved resolution.
The authors compared the rate of complete
®
examination and diagnostic yield between the PillCam
®
®
SB2-ex and PillCam SB2. The PillCam SB2- ex offers
®
12 h of battery, 4 more than the PillCam SB2.
®
The authors concluded that the PillCam SB-ex
had a significantly higher completion rate than the
®
PillCam SB2 (88% vs 79.5%), none of the patients
having received bowel preparation or motility agents,
reflecting that the higher rate of complete studies is
real.
However, they were unable to demonstrate a
superior diagnostic yield for SB2-ex (35%) over SB2
(48.5%). The authors suggested that this difference
may be due to changes in the interpretation of
results over time. However, from our point of view,
we think that battery extension may not be the key
issue for increasing diagnostic yield, since this can be
compromised by rapid transit in the duodenum and
proximal jejunum, and consequently most missed
lesions (including mass lesions) are located in the
[2-4]
proximal small-bowel .
The major duodenal papilla, which is present in all
individuals who have not undergone surgery and is
located on the medial wall of descending duodenum,
7 to 10 cm distal to the pylorus, may be used as an
indirect marker of a possible missed lesion in proximal
[5]
small bowel in capsule endoscopy studies . Previous
studies have reported that the major duodenal papilla
is missed in most of small bowel capsule endoscopy
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EDITORIAL

Metastatic gastric cancer treatment: Second line and
beyond
Marwan Ghosn, Samer Tabchi, Hampig Raphael Kourie, Mustapha Tehfe
afflicted patients and their healthcare providers.
Whereas combination chemotherapy has been shown
to improve survival and tumor related symptoms in the
frontline setting, second-line therapy (SLT) is subject
to much debate in the scientific community, mainly
because of the debilitating effects of GC, which would
impede the administration of cytotoxic therapy. Recent
data has provided sufficient evidence for the safe use of
SLT in patients with an adequate performance status.
Taxanes, Irinotecan and even some Fluoropyrimidine
analogs were found to provide a survival advantage
in this subset of patients. Most importantly, quality
of life measures were also improved through the use
of adequate therapy. Even more pertinent were the
findings involving antiangiogenic agents, which would
add measurable improvements without significantly
jeopardizing the patients’ well-being. Further lines of
therapy are cause for much more debate nowadays,
but specific targeted agents have shown considerable
promise in this context. We herein review noteworthy
published data involving the use of additional lines of
the therapy after failure of standard frontline therapies
in patients with aGC.
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Core tip: Patients with advanced gastric cancer who
progress after first line therapy are usually perceived as
unfit for additional treatments and are therefore denied
life prolonging treatments which can also improve
quality of life. We herein review the available evidence
in favor of undertaking therapeutic interventions in
these patients, be it conventional cytotoxic therapies or
targeted therapies.

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

Abstract

Ghosn M, Tabchi S, Kourie HR, Tehfe M. Metastatic gastric
cancer treatment: Second line and beyond. World J Gastroenterol
2016; 22(11): 3069-3077 Available from: URL: http://www.

Advanced gastric cancer (aGC), not amenable to
curative surgery, is still a burdensome illness tormenting
WJG|www.wjgnet.com
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In this current review, we aim to explore the role
of chemotherapy and targeted therapy in patients with
inoperable, advanced GC (aGC). The role of further
lines of therapy, in patients with refractory disease, will
also be reviewed.

INTRODUCTION
Gastric cancer (GC) is estimated to be the fifth
most frequently diagnosed cancer worldwide and it
[1]
ranks third in regards to cancer related mortality .
GC incidence is widely variable in accordance with
geographic location, with the highest reported incidence
in China and Japan. Conversely, the global incidence
of GC has been dropping in the past few decades
and this malignancy has become one of the least
[1]
common in North America . Despite the staggering
improvements in the field of medical oncology, patients
stricken with inoperable GC have a dismal prognosis
and will invariably experience disease progression and
[2]
subsequent death . Moreover, approximately 50% of
patients present with advanced disease at diagnosis
[3]
and remain beyond the scope of curative intent .
Chemotherapy, consisting of Fluoropyrimidine (Flu)
and Platinum (Pt)-based combination regimens, is
[4,5]
widely accepted as a standard first-line therapy .
Irinotecan-based regimens have also been shown to
be an acceptable alternative. Medically fit patients
are to be considered for a three-drug chemotherapy
regimen through the addition of an Anthracycline or
[4,5]
Docetaxel
Such combination therapies provide a
survival advantage of over ten months. Combining
Trastuzumab with Flu-Pt further improved overall
survival (OS) by approximately 4.2 mo when patients
were rigorously selected for HER-2 over-expression
(Immunohistochemistry 3+), a benefit that is quite
comparable to the 4.8 mo conferred to patients with
breast cancer through the addition of Trastuzumab,
[6,7]
despite the caveats of cross-trial comparisons .
The role of second-line therapy (SLT) for mGC
has been largely disputed among practitioners due
to the added risk of exposing patients, with already
declining performance status (PS) from escalating
tumor burden, to highly toxic agents. Attesting to the
discordance in therapeutic inclinations would be the
rate of dispensation of SLT, which accounts for 14% of
patients enrolled in western clinical trials as opposed
[8,9]
to 75% of patients participating in Asian trial
.
Even more disconcerting is that some data from
European clinical practice report less than half of their
mGC patients as recipients of SLT, whereas 67% of
patients in Asian clinical practice would be considered
[10,11]
candidates for SLT
.
In recent years, the established notion, arguing
against the use of additional chemotherapy in patients
with mGC, is no longer valid. Several studies have
demonstrated a survival benefit of chemotherapy
compared to best supportive care (BSC), and the
appropriate use of biological agents has further
[12,13]
improved the benefit for these patients
.
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SECOND-LINE TREATMENT OF MGC
To date, there are no guidelines specifying standard
SLT for mGC, but several studies have demonstrated
a definite survival advantage of SLT when compared
with BSC. Evidently, initial therapy, as well as PS,
must be taken into consideration before selecting an
appropriate therapeutic strategy.

Cytotoxic therapy

Taxanes are some of the first agents to show promising
results in the treatment of aGC. An early phase Ⅱ
study, using weekly infusions of Docetaxel (35 mg/
2
m ), yielded disappointing results with a high rate of
treatment related toxicities (90% grade Ⅱ asthenia)
[14]
and a median OS of 3.5 mo . Two subsequent phase
Ⅱ trials readdressed the use of a three-weekly dosing
2
of Docetaxel (75-100 mg/m ), in conjunction with
Dexamethasone prophylaxis and early growth factor
[15,16]
support to reduce treatment related toxicities
.
Both trials resulted in a comparable response rate
(RR) of approximately 17% and a median OS of 6
and 8.4 mo in patients with aGC who progressed after
treatment with Flu and Pt regimens. Also comparable
were the rates of adverse events while on treatment
medication, with asthenia (32%) and neutropenia
(18%) deemed manageable and non disrupting for the
[15]
patients .
Retrospective analysis of a larger cohort of 154
patients, treated with Docetaxel monotherapy (75
2
mg/m every 3 wk) demonstrated that Docetaxel is
both active and tolerable in the second-line setting
of aGC, providing patients with a median OS of 7.2
[17]
mo (95%CI: 5.9-8.5) . Despite ample early data
suggesting benefit from Docetaxel in the second-line
setting, there was no solid evidence that this approach
did in fact improve survival and Health-Related Quality
of Life (HRQoL) until the COUGAR-02 study, a phase
3 randomised controlled trial, examined whether the
2
addition of Docetaxel (75 mg/m every 3 wk) to active
[18]
symptom control would affect OS and HRQoL .
Median OS showed a modest, yet statistically
significant, improvement in favor of the treatment arm
(5.2 mo vs 3.6 mo, HR = 0.67, P = 0.01) as adverse
events were found to be controllable. Interestingly,
patients receiving Docetaxel also showed improvement
in terms of pain, nausea and vomiting and disease
specific HRQoL measures including dysphagia and
[18]
abdominal pain . However, the potential selection
bias in this study ought to compel practitioners to
consider the results with care, since most patients had
an adequate PS (100% ECOG 0-2; 83% ECOG 0-1)
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therapy. Initial phase Ⅱ studies explored the efficacy
of single agent Irinotecan administered weekly (100
2
2
mg/m ), every two weeks (150 mg/m ) and every
2 [24-26]
three weeks (350 mg/m )
. The RR and median
OS for these studies were in the range of 20% and 5
mo respectively, pointing to Irinotecan as an active
[24-26]
and well tolerated regimen in the studied context
.
More methodologically robust evidence came in the
form of two phase Ⅲ trial, which further confirmed the
survival advantage gained by salvage chemotherapy
and also provided additional substantiation in regards
[27,28]
to the efficacy of Irinotecan
.
The German AIO (Arbeitsgemeinschaft Internistische
Onkologie) trial, despite its poor accrual, showed a
statistically significant improvement in OS favoring
2
Irinotecan (250 mg/m every three weeks to be
2
increased to 350 mg/m depending on toxicity) over BSC
(2.4 mo vs 4.0 mo for irinotecan; HR = 0.48, 95%CI:
0.25-0.92, P = 0.012) as well as a marked improvement
[27]
in tumor related symptoms (50% vs 7%) .
On the other hand, participants in the Korean
phase Ⅲ trial were randomised to BSC, Irinotecan (150
2
2
mg/m every two weeks) or Docetaxel (60 mg/m
[28]
every three weeks) . At the time of data analysis,
SLT was once again shown to be superior to BSC with
a median OS of 5.3 mo as opposed to 3.8 mo in the
control arm (HR = 0.657, 95%CI: 0.485-0.891, P =
0.007). Neither agent was found to be superior to the
other in this setting (Docetaxel median OS: 5.2 mo,
[28]
Irinotecan median OS: 6.5 mo, P = 0.116) .
The amount of data available seems satisfactory
to justify the use of Docetaxel, Paclitaxel or Irinotecan
in patients with aGC progressing after initial therapy,
provided their overall PS allows the administration
of additional cytotoxic agents, particularly since the
prognosis remains poor in those patients and QOL
remains an essential objective to achieve.
S-1, an oral Flu widely used in Japan after showing
promising activity in aGC, has also been prospectively
evaluated in patients who progressed after initial
[29,30]
Pt/Flu therapy
. Although the evaluating phase
Ⅱ study does not provide compelling evidence as to
the favorable effect of S-1, a modest RR of 14.0%
[31]
was achieved along with a median OS of 6.3 mo .
Surprisingly, such results were achieved regardless
of prior exposure to Flu, but the most noticeable
attribute of this agent was its favorable adverse events
profile since grade 3/4 toxicities were reported to be
[31]
uncommon . As such, S-1 might be considered as a
useful therapeutic alternative in patients with a poor
PS, especially in patients who haven’t received prior
Flu containing regimens.
Nanoparticle albumin-bound Paclitaxel (nabPaclitaxel) is another agent that has shown promising
activity in previously treated GC. A multicenter phase
Ⅱ trial yielded a RR of 27.8% and median OS of 9.2
mo but with a relatively high, albeit manageable, rate
of grade 3/4 adverse events in the form of neutropenia
[32]
(49%) and peripheral sensory neuropathy (23.6%) .

before their selection according to the strict enrolment
criteria of the clinical trial. As such, it is essential that
the patient’s overall health status be evaluated before
any further treatment is considered.
The results of the COUGAR-02 trial, along with
previously published literature, seem to bring forth
sufficient evidence to resolve the controversy regarding
the advantages of SLT in relapsed/refractory GC with
Docetaxel monotherapy.
Despite their shared mechanism of action, Doce
taxel and Paclitaxel deviate in terms of pharmaco
logic characteristic, drug resistance mechanisms and
[19,20]
potential toxicities
. Such differences would serve
as a proper rationale to examine the role of Paclitaxel
as SLT for aGC.
Initial clinical data comes from a phase Ⅱ trial
investigating the use of Paclitaxel at a dose of
2
225 mg/m every three weeks in addition to an
anthracycline. Paclitaxel was well tolerated with a
median OS of 8 mo, RR of 22% and only mild adverse
events. Of note, the investigators reported that 44% of
patients had a significant relief of their disease related
[21]
symptoms . The ensuing CCOG0302 phase Ⅱ study
2 [22]
examined the use of weekly Paclitaxel (80 mg/m ) .
Comparable to the three-weekly schedule, weekly
Paclitaxel showed a modest RR of 16%, median
OS of 7.8 mo and mild toxicity consisting mostly of
[22]
neutropenia (16%) .
A more recent phase Ⅲ, multicenter, randomised,
open-label (WJOG 4007) trial compared the efficacy of
Paclitaxel and Irinotecan, another valuable component
of the armamentarium for refractory GC, with positive
results obtained in both cohorts, but no statistically
significant differences advocating for the preferential
[23]
use of one agent over the other . RR, progression
free survival (PFS) and OS were comparable between
patients allocated to Paclitaxel and those receiving
Irinotecan (20.9% vs 13.6%, P = 0.24; 3.6 mo vs
[23]
2.3 mo, P = 0.33; 9.5 mo vs 8.4 mo, P = 0.38) .
However, the WJOG 4007 study also had a potential
selection bias since all patients were medically fit (ECOG
0-1) prior to enrolment, a fact that is noteworthy
before SLT is considered. Another limitation would be
the absence of placebo control to further validate the
survival advantage over BSC, but since both agents
have been shown to improve survival individually, it
would be safe to assume that such an advantage does
exist.
The aforementioned data indicate that the use of
Paclitaxel is a reasonable recourse as SLT, on account
of its anti-tumor effect and its role in alleviating disease
related symptoms. It is still unknown whether some
benefit exists between Paclitaxel and Irinotecan in
this setting since the comparative study between both
agents was limited by a relatively small sample size
[23]
and was underpowered to make such conclusions .
The Topoisomerase Ⅰ inhibitor Irinotecan had been
shown to be active in colorectal cancers and was later
investigated in aGC having progressed after first-line
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Table 1 Positive phase Ⅲ trials of cytotoxic agents in second line metastatic cancers
Ref.

Patients/phase

Ford et al[18], 2014
COUGAR-02
Kang et al[28], 2012[28]

168/Ⅲ
202/Ⅲ

Treatment

Indication

Results (PFS/OS/RR) (mo)

Docetaxel
Advanced, gastric cancer that had progressed on or within 6
Active symptom control mo of treatment with a platinum-fluoropyrimidine combination
Docetaxel
Advanced gastric cancer with one or two prior chemotherapy
Irinotecan
regimens involving both fluoropyrimidines and platinum
BSC

Fortunately, the ongoing phase Ⅲ (ABSOLUTE) trial
aims to compare the efficacy of nab-Paclitaxel to
Cremophor-based Paclitaxel and seeks to enrol a total
of 730 patients with GC refractory to initial therapy
across 72 institutions, a feat that will undoubtably shed
[33]
more light on the treatment of this malignancy .
Single agent cytotoxic therapy clearly put an end to
the debate regarding the value of SLT in refractory GC.
Nevertheless, the role of combination chemotherapy in
this context is still open to controversy.
Flu do not seem to be falling out of favor even
though it has become an integral part of all frontline approaches for aGC. This continued interest
has led investigators to assess the combination of
biweekly Irinotecan with 5-fluorouracil, and Leucovorin
(FOLFIRI) in patients with refractory disease.
Two different retrospective analysis produced
encouraging results for the use of FOLFIRI, with overall
RR of 12.3% and 22.8% but strikingly similar OS of
[34,35]
6.4 mo
. Subsequent prospective evaluations of a
modified FOLFIRI regimen also showed positive results
with RR and median OS ranging from 10% to 29%
[36,37]
and 6.2 mo to 10.9 mo respectively
. It appears
that FOLFIRI also provided improvements in regards
to tumor-related symptoms. Although much of the
available data points to potential benefit from FOLFIRI
in refractory GC, a more recent phase Ⅱ study
comparing the combination regimen to Irinotecan
monotherapy showed that both approaches are of
equal activity but without any statistical difference
in RR or OS between both treatment arms (5.8 mo
[38]
Irinotecan, 6.7 mo FOLFIR, P = 0.514) . This study is
certainly underpowered to make definitive conclusions
in the absence of larger phase Ⅲ trials, yet the need
to incorporate an additional cytotoxic agent into an
already successful therapeutic strategy is largely put
into question, mainly because of the resulting toxicities
without securing any significant clinical benefits (higher
incidence of grade 3/4 hematologic toxicity: anemia
[38]
10% vs 0 %; neutropenia 37% vs 28 %) .
Other studies investigating the re-introduction of
Flu analogues in addition to Oxaliplatin revealed a
remarkable rate of peripheral neuropathy, possibly
[39]
potentiated through the prior use of Cisplatin . Even
when Oxaliplatin was administered at a lower dose,
these regimens proved to be inadequate for the target
[40]
population since they only procured modest .
To date, we still do not have sufficient evidence to
recommend combination chemotherapy in patients
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OS: 5.2
OS: 3.6
5.2
6.5
3.8

with aGC who progressed on prior therapy. The
survival benefit as well as the advantage in terms
of symptoms palliation are only sensibly proven in
patients receiving monotherapy. Approved cytotoxic
agents in second-line aGC are summarized in Table 1.

Targeted therapy

Although chemotherapy is often effective in inducing
early tumor destruction in most patients with metastatic
disease, intra-tumor heterogeneity is associated with
certain subpopulations of cancer cells that manage
to evade the overwhelming cytotoxic effect through
innate and acquired mechanisms of resistance. Recent
developments in the field of molecular biology allowed
a more precise targeting of tumor cells, or surroun
ding tissue, in order to try and circumvent some of
these resistance mechanisms and avoid damaging
non-malignant tissue. Even when target therapy
is administered, tumor cells eventually manage to
overcome the drug-induced signal transduction blockade
[41]
by reactivating alternate signaling pathways .
Nevertheless, the biologic effects of these therapies
translate into clinical benefit harvested by practitioners
to ensure the best interest of their patients.
Since the results of the phase Ⅲ ToGA trial
were published, patients with aGC and HER-2 overexpression, which account for 7%-34% of patients,
became candidates for a new standard therapy
that consists of adding Trastuzumab to Flu and Pt[42-44]
based frontline therapy
. Following the success
of Trastuzumab in non-resectable GC, the sensible
next step was to evaluate the efficacy of Lapatinib,
a tyrosine kinase inhibitor with dual potent inhibition
of ErbB-1 and ErbB-2, in HER-2 positive GC that not
amenable to curative therapy and having progressed
[45]
after initial therapeutic strategies . A phase Ⅱ
study examining the role of Lapatinib combined with
[46]
Capecitabine was closed prematurely for futility .
Furthermore, the TyTan study, a phase Ⅲ randomised
trial, assessing the efficacy of Lapatinib in combination
with Paclitaxel failed to demonstrate a significant
survival advantage when compared with the control
[47]
arm . However, patients with tumors determined to
be HER-2 3+ on immunohistochemistry did have a
statistically significant improvement in PFS (5.6 mo vs
4.2 mo, HR = 0.54, 95%CI: 0.33-0.90, P = 0.0101)
and Chinese patients exhibited an improvement in OS
(9.7 mo vs 7.6 mo, P = 0.0351). Regardless of these
findings, the TyTan study did not provide compelling

3072

March 21, 2016|Volume 22|Issue 11|

Ghosn M et al . Metastatic GC beyond progression
Bevacizumab

Ramucirumab

VEGFA

HER 2

VGFR 2

Trastuzumab

Lapatinib

Apatinib
Sorafenib

Figure 1 Targets for monoclonal antibodies and tyrosine kinase inhibitors in advanced gastric cancer.

evidence for the use of Lapatinib in refractory HER-2
positive GC. These findings are somewhat comparable
to the experience of HER-2 targeted therapy in breast
cancer, where Lapatinib has consistently fallen short
[42,48]
of Trastuzumab in terms of efficacy
. One phase
study
managed
to
provide
evidence
for
the efficacy
Ⅱ
of Trastuzumab in the second-line setting, provided
patients did not benefit from it in the front-line setting.
Combining Trastuzumab with Paclitaxel produced and
overall RR of 37.2% (95%CI: 23.0%-53.3%) and
[49]
median PFS of 5.2 mo (95%CI: 3.9-6.6) .
Another attempt at precision therapy consisted of
using anti-angiogenic agents. The first assessment of a
similar strategy involved the addition of Bevacizumab
to standard frontline therapy in the AVAGAST study, a
phase Ⅲ randomised, double blind, placebo-controlled
[50]
trial . However, this study did not reach its primary
objective of a statistically significant improvement in
OS, but it did demonstrate a significant improvement
in RR (46.0% vs 37.4%, P = 0.0315) and PFS (6.7
mo vs 5.3 mo, HR = 0.80, 95%CI: 0.68-0.93, P =
[51]
0.0037) . Moreover, participants from Pan-America
did experience an impressive improvement in OS
(11.5 mo vs 6.8 mo, HR = 0.63, 95%CI: 0.43-0.94)
since only 21% were switched to second line therapy,
as opposed to 66% of asian participants who actually
[50]
received subsequent therapy . The results of
the AVAGAST study, with particular emphasis on
the subgroup analysis, provided a foundation that
would attest for the efficacy of anti-angiogenesis in
GC. The MAGIC-B trial investigating the efficacy of
Bevacizumab in the peri-operative setting of GC would
also attest to the potential value of angiogenesis
blockage, which could have prompted researchers to
evaluate this strategy in patients being managed with
[51]
curative intent .
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Two landmark trials managed to validate the role
of Ramucirumab, a monoclonal antibody inhibiting
VEGFR-2, as a valuable addition to SLT in aGC (Figure 1).
The RAINBOW trial, a double-blind, phase Ⅲ,
randomised trial, indicated that the addition of
Ramucirumab to Paclitaxel would result in a significant
survival advantage when compared with Paclitaxel
monotherapy, with a median OS of 9.6 mo [(95%CI:
8.5-10.8) vs 7.4 mo (95%CI: 6.3-8.4), HR = 0.807
(95%CI: 0.678-0.962), P = 0.017]; PFS of 4.4 mo vs
2.9 mo (HR = 0.635, P < 0.0001) and an objective
[52]
RR of 28% vs 16% (P < 0.0001) . The combination
therapy also resulted in an increased of adverse events
including neutropenia (but not febrile neutropenia)
and hypertension, but global quality of life scores
were similar in both treatment arm, attesting to the
[53]
tolerability of adding the anti-angiogenic .
The results of the RAINBOW trial raised many
questions concerning the treatment of aGC, most
importantly regarding the efficacy of anti-angiogenesis
in the second-line setting and not the first-line. It
remains unclear whether the absence of perceivable
benefit in the AVAGAST study is due to a diluted
effect by the rate of administration of SLT or if it is
mainly due the inherent GC pathophysiology, through
which progression to more advanced stages under
cytotoxic therapy leads to a molecular phenotype
[50]
switch that is more reliant on angiogenesis . The
role of a synergistic chemotherapy agent used with
Ramucirumab could have been debated, with some
agents believed to be able to potentiate the antiangiogenic effect, but the results of the REGARD trial
probably put these arguments to rest.
The REGARD trial is another milestone trial
promoting the efficacy of Ramucirumab as SLT of aGC.
In this randomised, double-blind, placebo-controlled,
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Table 2 Approved targeted therapies in second line metastatic gastric cancer
Ref.

Patients/phase

Treatment

Indication

Results (PFS/OS/RR) (mo)

Iwasa et al[49], 2013

46/Ⅱ

Paclitaxel + Trastuzumab

ORR: 37.2%
PFS: 5.2

Wilke et al[53], 2014
RAINBOW

665/Ⅲ

Paclitaxel + Ramicirumab

HER2-positive, metastatic gastric cancer
patients naive to trastuzumab, who received
one or more lines of chemotherapy
Advanced gastric cancer and disease
progression on or within 4 mo after
first-line chemotherapy (platinum plus
fluoropyrimidine with or without an
anthracycline)
Advanced gastric or gastro-oesophageal
junction adenocarcinoma and disease
progression after first-line platinum-containing
or fluoropyrimidine-containing chemotherapy

Paclitaxel + Placebo

Fuchs et al[52], 2015
REGARD

355/Ⅲ

Ramicirumab
Placebo

phase Ⅲ trial, Ramucirumab monotherapy significantly
improved survival with a median OS of 5.2 mo vs 3.8
mo for placebo (HR = 0.776, 95%CI: 0.603-0.998,
P = 0.047) and a PFS of 2.1 mo vs 1.3 mo for
[52]
placebo (P < 0.0001) . A similar adverse events
profile was noted for both treatment arms, except for
hypertension, which was higher in the Ramucirumab
[52]
monotherapy arm (16% vs 8%) .
Findings from both trials highlight the crucial
importance of targeting angiogenesis in GC. Whereas
the absolute gain in terms of survival was seen in
the combination therapy, the relative safety profile
of Ramucirumab monotherapy would encourage its
use in patients with a relatively poorer PS, since a
great number of patients seen in daily practice do not
necessarily fulfil the strict inclusion criteria of these
trials (ECOG 0-1 in both trials). All the approved
targeted therapies in second-line aGC are summarized
in Table 2.
Over the past few years, multiple key signaling
pathways regulating GC tumorigenesis have been
identified and these include Epidermal Growth Factor,
Fibroblast Growth Factor receptor, Hepatocyte Growth
Factor, mesenchymal-epithelial transition factor (c-MET)
axis, the PI3K-AKT-mTOR and RAS/RAF/MEK/MAPK
pathways, but the clinical significance of aberrations
[54]
in these pathways remains uncertain . Studies
investigating the blockade of these pathways through
the use of Cetuximab, Panitumumab, Gefitinib and
Erlotinib in the treatment of GC have not produced
sufficient evidence to recommend implementation in
[55]
clinical practice . Additionally, mTOR blockade, using
Everolimus, did not significantly improve survival in
[56]
previously treated aGC .
Presently, the only targeted therapy of identified
clinical value would rely on the use of Trastuzumab
in the subset of eligible patients who did not receive
it in the first line setting as well as Ramucirumab
monotherapy or in combination with Paclitaxel, unless
otherwise contra-indicated.

OS: 7.4
OS: 5.2
OS: 3.8

chemotherapy in the third-line setting, mainly due to
the absence of consensus in respect to the role of SLT.
Notwithstanding, there is currently sufficient data to
support the use of SLT in aGC, but with this renewed
interest in SLT comes the debate of whether further
lines of therapy should be considered in patients who
can still tolerate it.
One retrospective Japanese study sought to
determine the potency of tri-weekly Paclitaxel in a
population of patients deemed refractory to Irinotecan,
Flu and Pt. Paclitaxel induced a RR of 23.2%, a PFS
[57]
of 3.5 mo and OS of 6.7 mo . Most patients had a
good performance status (82%% ECOG 0-1 and 18%
ECOG 2) but there was some concern for the relatively
considerable rate of adverse events with more than
25% of patients experiencing hematologic toxicities
[58]
and up to eight percent having febrile neutropenia .
Another retrospective study suggested that Docetaxel
salvage therapy might be feasible in patients with
aGC, but there were many limitations, making it
difficult to draw any relevant conclusions other than
chemotherapy ought to be reconsidered in patients
[58]
with a poor PS (ECOG > 1) . A larger retrospective
study exploring the survival advantage of salvage
therapy indicated a modest RR of 9.6% in patients
treated with FOLFIRI regimens. The authors inferred
that there was a positive anti-tumor activity and that
[59]
toxicities were tolerable . Such conclusion should
be interpreted with extreme caution in patients with
progressive GC who would be subjected to a 36.7%
rate of grade 3/4 myelosuppression.
In this context, more optimistic results were
reported from a placebo-controlled phase Ⅱ trial
investigating a novel small-molecule VEGFR tyrosine
kinase inhibitor, Apatinib, which has a binding affinity
[60,61]
ten times that of other drugs such as Sorafenib
.
The study enrolled 144 patients who were previously
treated with at least two lines of therapy and showed
a statistically significant improvement in terms of PFS
(3.67 mo vs 1.40 mo, 95%CI: 2.17-6.80 mo, P <
0.001) and OS (4.5 mo vs 2.5 mo, 95%CI: 2.37-4.53
mo, P = 0.0017). This agent caused few “acceptable”
adverse events, mainly in the form of hypertension
and hand-foot syndrome, making it the most suitable

BEYOND SECOND-LINE THERAPY
Very few studies have investigated the use of
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treatment for heavily pretreated patients even if their
PS would theoretically make them candidates for
cytotoxic therapy.
Engaging the host’s immune response was
another attempt to convey treatment to patients with
pretreated GC. Inhibiting the interaction between the
Programmed Death receptor (PD-1) and its ligand,
Programmed Death Ligand 1, has led to astonishing
[62]
results in cancer therapy . Pembrolizumab, a
humanised IgG4/kappa isotype monoclonal antibody
targeting PD-1, was tested in patients with GC who
progressed after SLT. Immunotherapy achieved an
impressive overall RR of 30% and was found to be
[63]
well tolerated by the participants . These results are
likely to usher in a new a era in the treatment of GC,
probably extending to earlier lines of therapy in the
very near future.

6

7

8

9

CONCLUSION
In spite of all the therapeutic milestones achieved
in recent years, surgery remains the only curative
treatment modality. For those patients not amenable
to surgery, chemotherapy offers an improvement in
quality of life as well as a survival advantage. However,
responses are short lived and the disease invariably
progresses. A few studies have established the role of
chemotherapy in the second-line setting, proving that
many agents are capable of extending survival and
providing symptom palliation. Unfortunately, whether
it’s Irinotecan, S-1, Docetaxel or Paclitaxel, no single
approach is unanimously embraced until this day.
It is also reasonable to include Ramucirumab in the
therapeutic strategy in light of recent findings. As for
patients who progress beyond SLT, treatment should
be considered very carefully, as to avoid unwanted
toxicities that would do more harm than good. Apatinib
and Pembrolizumab offer considerable opportunities
for the near future, but their value is still to be weighed
in larger trials.

10

11

12
13

14

15

REFERENCES
1
2
3

4

5

Globocan I. Estimated cancer incidence, mortality and prevalence
worldwide in 2012. Available from: URL: http://globoean,iarc.
fr/Pages/fact_sheets_population.aspx
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA
Cancer J Clin 2015; 65: 5-29 [PMID: 25559415 DOI: 10.3322/
caac.21254]
Chau I, Norman AR, Cunningham D, Waters JS, Oates J, Ross
PJ. Multivariate prognostic factor analysis in locally advanced and
metastatic esophago-gastric cancer--pooled analysis from three
multicenter, randomized, controlled trials using individual patient
data. J Clin Oncol 2004; 22: 2395-2403 [PMID: 15197201 DOI:
10.1200/JCO.2004.08.154]
Wagner AD, Unverzagt S, Grothe W, Kleber G, Grothey A,
Haerting J, Fleig WE. Chemotherapy for advanced gastric cancer.
Cochrane Database Syst Rev 2010; (3): CD004064 [PMID:
20238327 DOI: 10.1002/14651858.CD004064.pub3]
Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A,
Constenla M, Boni C, Rodrigues A, Fodor M, Chao Y, Voznyi E,
Risse ML, Ajani JA. Phase III study of docetaxel and cisplatin plus

WJG|www.wjgnet.com

16

17

18

3075

fluorouracil compared with cisplatin and fluorouracil as first-line
therapy for advanced gastric cancer: a report of the V325 Study
Group. J Clin Oncol 2006; 24: 4991-4997 [PMID: 17075117 DOI:
10.1200/JCO.2006.06.8429]
Okines AF, Dewdney A, Chau I, Rao S, Cunningham D.
Trastuzumab for gastric cancer treatment. Lancet 2010; 376:
1736; author reply 1736-1737 [PMID: 21093643 DOI: 10.1016/
S0140-6736(10)62127-7]
Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V,
Bajamonde A, Fleming T, Eiermann W, Wolter J, Pegram M,
Baselga J, Norton L. Use of chemotherapy plus a monoclonal
antibody against HER2 for metastatic breast cancer that
overexpresses HER2. N Engl J Med 2001; 344: 783-792 [PMID:
11248153 DOI: 10.1056/NEJM200103153441101]
Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon
F, Middleton G, Daniel F, Oates J, Norman AR. Capecitabine
and oxaliplatin for advanced esophagogastric cancer. N Engl
J Med 2008; 358: 36-46 [PMID: 18172173 DOI: 10.1056/
NEJMoa073149]
Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi
M, Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y,
Nagaie T, Takagi S, Yamamura Y, Yanaoka K, Orita H, Takeuchi
M. S-1 plus cisplatin versus S-1 alone for first-line treatment
of advanced gastric cancer (SPIRITS trial): a phase III trial.
Lancet Oncol 2008; 9: 215-221 [PMID: 18282805 DOI: 10.1016/
S1470-2045(08)70035-4]
Monti M, Foca F, Casadei Gardini A, Valgiusti M, Frassineti
GL, Amadori D. Retrospective analysis on the management of
metastatic gastric cancer patients. A mono-institutional experience.
What happens in clinical practice? Tumori 2013; 99: 583-588
[PMID: 24362861 DOI: 10.1700/1377.15306]
Elsing C, Herrmann C, Hannig CV, Stremmel W, Jäger D,
Herrmann T. Sequential chemotherapies for advanced gastric
cancer: a retrospective analysis of 111 patients. Oncology 2013; 85:
262-268 [PMID: 24192723 DOI: 10.1159/000355690]
Casaretto L, Sousa PL, Mari JJ. Chemotherapy versus support
cancer treatment in advanced gastric cancer: a meta-analysis. Braz
J Med Biol Res 2006; 39: 431-440 [PMID: 16612465]
Iacovelli R, Pietrantonio F, Farcomeni A, Maggi C, Palazzo
A, Ricchini F, de Braud F, Di Bartolomeo M. Chemotherapy or
targeted therapy as second-line treatment of advanced gastric
cancer. A systematic review and meta-analysis of published studies.
PLoS One 2014; 9: e108940 [PMID: 25268988 DOI: 10.1371/
journal.pone.0108940]
Graziano F, Catalano V, Baldelli AM, Giordani P, Testa E, Lai
V, Catalano G, Battelli N, Cascinu S. A phase II study of weekly
docetaxel as salvage chemotherapy for advanced gastric cancer.
Ann Oncol 2000; 11: 1263-1266 [PMID: 11106114]
Lee JL, Ryu MH, Chang HM, Kim TW, Yook JH, Oh ST, Kim BS,
Kim M, Chun YJ, Lee JS, Kang YK. A phase II study of docetaxel
as salvage chemotherapy in advanced gastric cancer after failure of
fluoropyrimidine and platinum combination chemotherapy. Cancer
Chemother Pharmacol 2008; 61: 631-637 [PMID: 17520252 DOI:
10.1007/s00280-007-0516-6]
Giuliani F, Gebbia V, De Vita F, Maiello E, Di Bisceglie M,
Catalano G, Gebbia N, Colucci G. Docetaxel as salvage therapy
in advanced gastric cancer: a phase II study of the Gruppo
Oncologico Italia Meridionale (G.O.I.M.). Anticancer Res 2003;
23: 4219-4222 [PMID: 14666628]
Jo JC, Lee JL, Ryu MH, Sym SJ, Lee SS, Chang HM, Kim
TW, Lee JS, Kang YK. Docetaxel monotherapy as a secondline treatment after failure of fluoropyrimidine and platinum in
advanced gastric cancer: experience of 154 patients with prognostic
factor analysis. Jpn J Clin Oncol 2007; 37: 936-941 [PMID:
18211985 DOI: 10.1093/jjco/hym123]
Ford HE, Marshall A, Bridgewater JA, Janowitz T, Coxon FY,
Wadsley J, Mansoor W, Fyfe D, Madhusudan S, Middleton GW,
Swinson D, Falk S, Chau I, Cunningham D, Kareclas P, Cook N,
Blazeby JM, Dunn JA. Docetaxel versus active symptom control
for refractory oesophagogastric adenocarcinoma (COUGAR-02):
an open-label, phase 3 randomised controlled trial. Lancet

March 21, 2016|Volume 22|Issue 11|

Ghosn M et al . Metastatic GC beyond progression

19

20

21

22

23

24

25

26

27

28

29

30

31

Oncol 2014; 15: 78-86 [PMID: 24332238 DOI: 10.1016/
S1470-2045(13)70549-7]
Liu B, Staren ED, Iwamura T, Appert HE, Howard JM.
Mechanisms of taxotere-related drug resistance in pancreatic
carcinoma. J Surg Res 2001; 99: 179-186 [PMID: 11469885 DOI:
10.1006/jsre.2001.6126]
Reinecke P, Schmitz M, Schneider EM, Gabbert HE, Gerharz CD.
Multidrug resistance phenotype and paclitaxel (Taxol) sensitivity
in human renal carcinoma cell lines of different histologic types.
Cancer Invest 2000; 18: 614-625 [PMID: 11036469]
Cascinu S, Graziano F, Cardarelli N, Marcellini M, Giordani
P, Menichetti ET, Catalano G. Phase II study of paclitaxel in
pretreated advanced gastric cancer. Anticancer Drugs 1998; 9:
307-310 [PMID: 9635920]
Kodera Y, Ito S, Mochizuki Y, Fujitake S, Koshikawa K, Kanyama
Y, Matsui T, Kojima H, Takase T, Ohashi N, Fujiwara M, Sakamoto
J, Akimasa N. A phase II study of weekly paclitaxel as second-line
chemotherapy for advanced gastric Cancer (CCOG0302 study).
Anticancer Res 2007; 27: 2667-2671 [PMID: 17695430]
Hironaka S, Ueda S, Yasui H, Nishina T, Tsuda M, Tsumura T,
Sugimoto N, Shimodaira H, Tokunaga S, Moriwaki T, Esaki T,
Nagase M, Fujitani K, Yamaguchi K, Ura T, Hamamoto Y, Morita
S, Okamoto I, Boku N, Hyodo I. Randomized, open-label, phase
III study comparing irinotecan with paclitaxel in patients with
advanced gastric cancer without severe peritoneal metastasis after
failure of prior combination chemotherapy using fluoropyrimidine
plus platinum: WJOG 4007 trial. J Clin Oncol 2013; 31: 4438-4444
[PMID: 24190112 DOI: 10.1200/JCO.2012.48.5805]
Futatsuki K, Wakui A, Nakao I, Sakata Y, Kambe M, Shimada Y,
Yoshino M, Taguchi T, Ogawa N. [Late phase II study of irinotecan
hydrochloride (CPT-11) in advanced gastric cancer. CPT-11
Gastrointestinal Cancer Study Group]. Gan To Kagaku Ryoho
1994; 21: 1033-1038 [PMID: 8210254]
Chun JH, Kim HK, Lee JS, Choi JY, Lee HG, Yoon SM, Choi IJ,
Ryu KW, Kim YW, Bae JM. Weekly irinotecan in patients with
metastatic gastric cancer failing cisplatin-based chemotherapy. Jpn
J Clin Oncol 2004; 34: 8-13 [PMID: 15020657]
Kanat O, Evrensel T, Manavoglu O, Demiray M, Kurt E, Gonullu
G, Kiyici M, Arslan M. Single-agent irinotecan as second-line
treatment for advanced gastric cancer. Tumori 2003; 89: 405-407
[PMID: 14606644]
Thuss-Patience PC, Kretzschmar A, Bichev D, Deist T, Hinke A,
Breithaupt K, Dogan Y, Gebauer B, Schumacher G, Reichardt P.
Survival advantage for irinotecan versus best supportive care as
second-line chemotherapy in gastric cancer--a randomised phase
III study of the Arbeitsgemeinschaft Internistische Onkologie
(AIO). Eur J Cancer 2011; 47: 2306-2314 [PMID: 21742485 DOI:
10.1016/j.ejca.2011.06.002]
Kang JH, Lee SI, Lim do H, Park KW, Oh SY, Kwon HC, Hwang
IG, Lee SC, Nam E, Shin DB, Lee J, Park JO, Park YS, Lim HY,
Kang WK, Park SH. Salvage chemotherapy for pretreated gastric
cancer: a randomized phase III trial comparing chemotherapy plus best
supportive care with best supportive care alone. J Clin Oncol 2012;
30: 1513-1518 [PMID: 22412140 DOI: 10.1200/JCO.2011.39.4585]
Koizumi W, Kurihara M, Nakano S, Hasegawa K. Phase II study
of S-1, a novel oral derivative of 5-fluorouracil, in advanced gastric
cancer. For the S-1 Cooperative Gastric Cancer Study Group.
Oncology 2000; 58: 191-197 [PMID: 10765119]
Ajani JA, Buyse M, Lichinitser M, Gorbunova V, Bodoky G,
Douillard JY, Cascinu S, Heinemann V, Zaucha R, Carrato A,
Ferry D, Moiseyenko V. Combination of cisplatin/S-1 in the
treatment of patients with advanced gastric or gastroesophageal
adenocarcinoma: Results of noninferiority and safety analyses
compared with cisplatin/5-fluorouracil in the First-Line Advanced
Gastric Cancer Study. Eur J Cancer 2013; 49: 3616-3624 [PMID:
23899532 DOI: 10.1016/j.ejca.2013.07.003]
Lv F, Liu X, Wang B, Guo H, Li J, Shen L, Jin M. S-1
monotherapy as second line chemotherapy in advanced gastric
cancer patients previously treated with cisplatin/infusional
fluorouracil. Int J Clin Exp Pathol 2014; 7: 4274-4279 [PMID:

WJG|www.wjgnet.com

32

33

34

35

36

37

38

39

40

41
42

43
44

45

3076

25120809]
Sasaki Y, Nishina T, Yasui H, Goto M, Muro K, Tsuji A, Koizumi
W, Toh Y, Hara T, Miyata Y. Phase II trial of nanoparticle albuminbound paclitaxel as second-line chemotherapy for unresectable or
recurrent gastric cancer. Cancer Sci 2014; 105: 812-817 [PMID:
24716542 DOI: 10.1111/cas.12419]
Koizumi W, Morita S, Sakata Y. A randomized Phase III trial of
weekly or 3-weekly doses of nab-paclitaxel versus weekly doses
of Cremophor-based paclitaxel in patients with previously treated
advanced gastric cancer (ABSOLUTE Trial). Jpn J Clin Oncol
2015; 45: 303-306 [PMID: 25516635 DOI: 10.1093/jjco/hyu205]
Sym SJ, Ryu MH, Lee JL, Chang HM, Kim TW, Lee SS, Lee JS,
Kang YK. Salvage chemotherapy with biweekly irinotecan, plus
5-fluorouracil and leucovorin in patients with advanced gastric
cancer previously treated with fluoropyrimidine, platinum, and
taxane. Am J Clin Oncol 2008; 31: 151-156 [PMID: 18391599
DOI: 10.1097/COC.0b013e31815878a2]
Maugeri-Saccà M, Pizzuti L, Sergi D, Barba M, Belli F, Fattoruso
S, Giannarelli D, Amodio A, Boggia S, Vici P, Di Lauro L.
FOLFIRI as a second-line therapy in patients with docetaxelpretreated gastric cancer: a historical cohort. J Exp Clin Cancer Res
2013; 32: 67 [PMID: 24330513 DOI: 10.1186/1756-9966-32-67]
Kim SG, Oh SY, Kwon HC, Lee S, Kim JH, Kim SH, Kim HJ. A
phase II study of irinotecan with bi-weekly, low-dose leucovorin
and bolus and continuous infusion 5-fluorouracil (modified
FOLFIRI) as salvage therapy for patients with advanced or
metastatic gastric cancer. Jpn J Clin Oncol 2007; 37: 744-749
[PMID: 17923456 DOI: 10.1093/jjco/hym103]
Assersohn L, Brown G, Cunningham D, Ward C, Oates J,
Waters JS, Hill ME, Norman AR. Phase II study of irinotecan and
5-fluorouracil/leucovorin in patients with primary refractory or
relapsed advanced oesophageal and gastric carcinoma. Ann Oncol
2004; 15: 64-69 [PMID: 14679122]
Sym SJ, Hong J, Park J, Cho EK, Lee JH, Park YH, Lee WK,
Chung M, Kim HS, Park SH, Shin DB. A randomized phase II
study of biweekly irinotecan monotherapy or a combination of
irinotecan plus 5-fluorouracil/leucovorin (mFOLFIRI) in patients
with metastatic gastric adenocarcinoma refractory to or progressive
after first-line chemotherapy. Cancer Chemother Pharmacol 2013;
71: 481-488 [PMID: 23192279 DOI: 10.1007/s00280-012-2027-3]
Kim DY, Kim JH, Lee SH, Kim TY, Heo DS, Bang YJ, Kim NK.
Phase II study of oxaliplatin, 5-fluorouracil and leucovorin in
previously platinum-treated patients with advanced gastric cancer.
Ann Oncol 2003; 14: 383-387 [PMID: 12598342]
Jeong J, Jeung HC, Rha SY, Im CK, Shin SJ, Ahn JB, Noh SH,
Roh JK, Chung HC. Phase II study of combination chemotherapy
of 5-fluorouracil, low-dose leucovorin, and oxaliplatin (FLOX
regimen) in pretreated advanced gastric cancer. Ann Oncol 2008;
19: 1135-1140 [PMID: 18272910]
Groenendijk FH, Bernards R. Drug resistance to targeted
therapies: déjà vu all over again. Mol Oncol 2014; 8: 1067-1083
[PMID: 24910388 DOI: 10.1016/j.molonc.2014.05.004]
Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Rüschoff J, Kang YK. Trastuzumab
in combination with chemotherapy versus chemotherapy alone for
treatment of HER2-positive advanced gastric or gastro-oesophageal
junction cancer (ToGA): a phase 3, open-label, randomised
controlled trial. Lancet 2010; 376: 687-697 [PMID: 20728210
DOI: 10.1016/S0140-6736(10)61121-X]
Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic
factor and a novel therapeutic target. Ann Oncol 2008; 19:
1523-1529 [PMID: 18441328 DOI: 10.1093/annonc/mdn169]
Hofmann M, Stoss O, Shi D, Büttner R, van de Vijver M, Kim
W, Ochiai A, Rüschoff J, Henkel T. Assessment of a HER2
scoring system for gastric cancer: results from a validation study.
Histopathology 2008; 52: 797-805 [PMID: 18422971 DOI:
10.1111/j.1365-2559.2008.03028.x]
Wood ER, Truesdale AT, McDonald OB, Yuan D, Hassell A,
Dickerson SH, Ellis B, Pennisi C, Horne E, Lackey K, Alligood

March 21, 2016|Volume 22|Issue 11|

Ghosn M et al . Metastatic GC beyond progression

46

47

48

49

50

51

52

53

KJ, Rusnak DW, Gilmer TM, Shewchuk L. A unique structure for
epidermal growth factor receptor bound to GW572016 (Lapatinib):
relationships among protein conformation, inhibitor off-rate, and
receptor activity in tumor cells. Cancer Res 2004; 64: 6652-6659
[PMID: 15374980 DOI: 10.1158/0008-5472.CAN-04-1168]
Lorenzen S, Riera Knorrenschild J, Haag GM, Pohl M, ThussPatience P, Bassermann F, Helbig U, Weißinger F, Schnoy E,
Becker K, Stocker G, Rüschoff J, Eisenmenger A, KarapanagiotouSchenkel I, Lordick F. Lapatinib versus lapatinib plus capecitabine
as second-line treatment in human epidermal growth factor
receptor 2-amplified metastatic gastro-oesophageal cancer: a
randomised phase II trial of the Arbeitsgemeinschaft Internistische
Onkologie. Eur J Cancer 2015; 51: 569-576 [PMID: 25694417
DOI: 10.1016/j.ejca.2015.01.059]
Satoh T, Xu RH, Chung HC, Sun GP, Doi T, Xu JM, Tsuji
A, Omuro Y, Li J, Wang JW, Miwa H, Qin SK, Chung IJ, Yeh
KH, Feng JF, Mukaiyama A, Kobayashi M, Ohtsu A, Bang YJ.
Lapatinib plus paclitaxel versus paclitaxel alone in the secondline treatment of HER2-amplified advanced gastric cancer in
Asian populations: TyTAN--a randomized, phase III study. J Clin
Oncol 2014; 32: 2039-2049 [PMID: 24868024 DOI: 10.1200/
JCO.2013.53.6136]
Alba E, Albanell J, de la Haba J, Barnadas A, Calvo L, SánchezRovira P, Ramos M, Rojo F, Burgués O, Carrasco E, Caballero R,
Porras I, Tibau A, Cámara MC, Lluch A. Trastuzumab or lapatinib
with standard chemotherapy for HER2-positive breast cancer:
results from the GEICAM/2006-14 trial. Br J Cancer 2014; 110:
1139-1147 [PMID: 24457911 DOI: 10.1038/bjc.2013.831]
Multicenter, phase II study of trastuzumab and paclitaxel to
treat HER2-positive, metastatic gastric cancer patients naive to
trastuzumab (JFMC45-1102). J Clin Oncol 2013; 31 suppl: abstr
4096
Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki A, Park
SR, Lim HY, Yamada Y, Wu J, Langer B, Starnawski M, Kang
YK. Bevacizumab in combination with chemotherapy as firstline therapy in advanced gastric cancer: a randomized, doubleblind, placebo-controlled phase III study. J Clin Oncol 2011; 29:
3968-3976 [PMID: 21844504]
Okines AF, Langley RE, Thompson LC, Stenning SP, Stevenson L,
Falk S, Seymour M, Coxon F, Middleton GW, Smith D, Evans L,
Slater S, Waters J, Ford D, Hall M, Iveson TJ, Petty RD, Plummer C,
Allum WH, Blazeby JM, Griffin M, Cunningham D. Bevacizumab
with peri-operative epirubicin, cisplatin and capecitabine (ECX) in
localised gastro-oesophageal adenocarcinoma: a safety report. Ann
Oncol 2013; 24: 702-709 [PMID: 23108952 DOI: 10.1093/annonc/
mds533]
Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R,
Goswami C, Safran H, dos Santos LV, Aprile G, Ferry DR,
Melichar B, Tehfe M, Topuzov E, Zalcberg JR, Chau I, Campbell
W, Sivanandan C, Pikiel J, Koshiji M, Hsu Y, Liepa AM, Gao
L, Schwartz JD, Tabernero J. Ramucirumab monotherapy for
previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (REGARD): an international, randomised,
multicentre, placebo-controlled, phase 3 trial. Lancet 2014; 383:
31-39 [PMID: 24094768 DOI: 10.1016/S0140-6736(13)61719-5]
Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada

54
55
56
57

58

59

60

61

62
63

Y, Hironaka S, Sugimoto N, Lipatov O, Kim TY, Cunningham
D, Rougier P, Komatsu Y, Ajani J, Emig M, Carlesi R, Ferry
D, Chandrawansa K, Schwartz JD, Ohtsu A. Ramucirumab
plus paclitaxel versus placebo plus paclitaxel in patients with
previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (RAINBOW): a double-blind, randomised phase
3 trial. Lancet Oncol 2014; 15: 1224-1235 [PMID: 25240821 DOI:
10.1016/S1470-2045(14)70420-6]
Cho JY. Molecular diagnosis for personalized target therapy
in gastric cancer. J Gastric Cancer 2013; 13: 129-135 [PMID:
24156032 DOI: 10.5230/jgc.2013.13.3.129]
Meza-Junco J, Sawyer MB. Metastatic gastric cancer - focus on
targeted therapies. Biologics 2012; 6: 137-146 [PMID: 22807624
DOI: 10.2147/BTT.S23917]
Cutsem EV, Yeh KH, Bang YJ. Phase III trial of everolimus (EVE)
in previously treated patients with advanced gastric cancer (AGC):
GRANITE-1. J Clin Oncol 2012; 30: (4_suppl)
Shimoyama R, Yasui H, Boku N, Onozawa Y, Hironaka S,
Fukutomi A, Yamazaki K, Taku K, Kojima T, Machida N, Todaka
A, Tomita H, Sakamoto T, Tsushima T. Weekly paclitaxel for
heavily treated advanced or recurrent gastric cancer refractory to
fluorouracil, irinotecan, and cisplatin. Gastric Cancer 2009; 12:
206-211 [PMID: 20047125 DOI: 10.1007/s10120-009-0524-9]
Lee MJ, Hwang IG, Jang JS, Choi JH, Park BB, Chang MH,
Kim ST, Park SH, Kang MH, Kang JH. Outcomes of thirdline docetaxel-based chemotherapy in advanced gastric cancer
who failed previous oxaliplatin-based and irinotecan-based
chemotherapies. Cancer Res Treat 2012; 44: 235-241 [PMID:
23341787 DOI: 10.4143/crt.2012.44.4.235]
Kang EJ, Im SA, Oh DY, Han SW, Kim JS, Choi IS, Kim
JW, Kim YJ, Kim JH, Kim TY, Lee JS, Bang YJ, Lee KW.
Irinotecan combined with 5-fluorouracil and leucovorin thirdline chemotherapy after failure of fluoropyrimidine, platinum,
and taxane in gastric cancer: treatment outcomes and a prognostic
model to predict survival. Gastric Cancer 2013; 16: 581-589
[PMID: 23266882 DOI: 10.1007/s10120-012-0227-5]
Li J, Qin S, Xu J, Guo W, Xiong J, Bai Y, Sun G, Yang Y, Wang L,
Xu N, Cheng Y, Wang Z, Zheng L, Tao M, Zhu X, Ji D, Liu X, Yu H.
Apatinib for chemotherapy-refractory advanced metastatic gastric
cancer: results from a randomized, placebo-controlled, parallelarm, phase II trial. J Clin Oncol 2013; 31: 3219-3225 [PMID:
23918952 DOI: 10.1200/JCO.2013.48.8585]
Tian S, Quan H, Xie C, Guo H, Lü F, Xu Y, Li J, Lou L. YN968D1
is a novel and selective inhibitor of vascular endothelial growth
factor receptor-2 tyrosine kinase with potent activity in vitro and
in vivo. Cancer Sci 2011; 102: 1374-1380 [PMID: 21443688 DOI:
10.1111/j.1349-7006.2011.01939.x]
Kyi C, Postow MA. Checkpoint blocking antibodies in cancer
immunotherapy. FEBS Lett 2014; 588: 368-376 [PMID: 24161671
DOI: 10.1016/j.febslet.2013.10.015]
Muro K, Bang Y, Shankaran V, Geva R, Catenacci DVT, Gupta S,
Eder JP, Berger R, Gonzalez EJ, Pulini J, Ray AB, Dolled-Filhart
M, Emancipator K, Pathiraja K, Shu X, Koshiji MR, Cheng J,
Chung HC. Lba15a Phase 1b Study of Pembrolizumab (pembro;
Mk-3475) in Patients (pts) with Advanced Gastric Cancer. Ann
Oncol 2014; 25 (suppl 4): mdu438.15
P- Reviewer: Xu WX, Zhu YL S- Editor: Qi Y L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

3077

March 21, 2016|Volume 22|Issue 11|

World J Gastroenterol 2016 March 21; 22(11): 3078-3104
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.i11.3078

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Comparison of pediatric and adult antibiotic-associated
diarrhea and Clostridium difficile infections
Lynne Vernice McFarland, Metehan Ozen, Ener Cagri Dinleyici, Shan Goh
Lynne Vernice McFarland, Department of Medicinal Chemistry,
School of Pharmacy, University of Washington, Seattle, Wa
98108-1597, United States

Received: December 16, 2015
Peer-review started: December 17, 2015
First decision: December 30, 2015
Revised: January 12, 2016
Accepted: February 20, 2016
Article in press: February 22, 2016
Published online: March 21, 2016

Metehan Ozen, Faculty of Medicine, Department of Pediatrics,
Division of Pediatric Infectious Disease, Atakent Acibadem
University Hospital, Istanbul 34303, Turkey
Ener Cagri Dinleyici, Faculty of Medicine, Department of
Pediatrics, Pediatric Intensive Care Unit, Eskisehir Osmangazi
University, Eskisehir TR-26480, Turkey

Abstract
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Royal Veterinary college, Hertfordshire AL9 7TA, United
Kingdom

Antibiotic-associated diarrhea (AAD) and Clostridum
difficile infections (CDI) have been well studied for

adult cases, but not as well in the pediatric population.
Whether the disease process or response to treat
ments differs between pediatric and adult patients is
an important clinical concern when following global
guidelines based largely on adult patients. A systematic
review of the literature using databases PubMed
(June 3, 1978-2015) was conducted to compare
AAD and CDI in pediatric and adult populations and
determine significant differences and similarities
that might impact clinical decisions. In general,
pediatric AAD and CDI have a more rapid onset of
symptoms, a shorter duration of disease and fewer
CDI complications (required surgeries and extended
hospitalizations) than in adults. Children experience
more community-associated CDI and are associated
with smaller outbreaks than adult cases of CDI. The
ribotype NAP1/027/BI is more common in adults than
children. Children and adults share some similar risk
factors, but adults have more complex risk factor
profiles associated with more co-morbidities, types of
disruptive factors and a wider range of exposures to C.
difficile in the healthcare environment. The treatment
of pediatric and adult AAD is similar (discontinuing or
switching the inciting antibiotic), but other treatment
strategies for AAD have not been established. Pediatric
CDI responds better to metronidazole, while adult CDI
responds better to vancomycin. Recurrent CDI is not
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commonly reported for children. Prevention for both
pediatric and adult AAD and CDI relies upon integrated
infection control programs, antibiotic stewardship and
may include the use of adjunctive probiotics. Clinical
presentation of pediatric AAD and CDI are different
than adult AAD and CDI symptoms. These differences
should be taken into account when rating severity of
disease and prescribing antibiotics.

adult cases of CDI
are increasing over time, but
the secular trends for pediatric and adult rates of
AAD have not been documented. The impact of AAD
and CDI on healthcare systems is high. In the United
States, 453000 cases of incident CDI occurred in 2013,
associated with 29300 deaths and increased costs
[9,10]
of healthcare from $3427-$9960/patient
. Many
incident cases of adult CDI will recur (up to 136000/
year) and these cases are associated with higher
[10]
costs ($11631/case) . The burden and costs of
pediatric AAD have not been documented by national
surveillance studies. AAD is also associated with longer
hospitalizations, higher healthcare costs, increased
risks of mortality and acquiring other nosocomial
[11]
infections . The aim of this review is to update the
literature and compare AAD and CDI in pediatric and
adult populations and determine significant differences
and similarities that might impact clinical decisions.

Key words: Antibiotics; Antibiotic-associated diarrhea;

Clostridum difficile infections; Adults; Pediatrics;
Diarrhea; Risk factors; Treatments; Prevention

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

Core tip: Differences and similarities in clinical pre
sentation and response to treatments were noted in
pediatric and adult patients with regards to antibioticassociated diarrhea and Clostridum difficile infections.
Pediatric patients typically become symptomatic more
rapidly, but also recover quicker than adults. While
antibiotics are the major risk factor for both children
and adult patients, adults have a more complex risk
factor profile. Children respond best to metronidazole,
while adults respond better to vancomycin. More
studies are needed to characterize the disease process
in antibiotic-associated diarrhea and treatment
guidelines for pediatric patients.

DEFINITIONS
Pediatric vs adult

Generally for AAD, the pediatric population is defined
as aged one month to 18 years of age, but for pediatric
CDI, the reported age range shifts to 1-21 years
[1,12-14]
old
. For pediatric CDI, infants younger than one
year old are typically excluded from being defined as
CDI cases due to their high asymptomatic carrier rate
associated with the lack of toxin A/B receptors in the
immature colon and high prevalence of other etiologies
[15]
of diarrhea (most commonly viral causes) . Adults
are usually defined as ≥ 21 years old, but published
studies have included ages as young as 16 years old.
The lower limit for pediatric AAD is difficult to define
without knowing more about asymptomatic carriage
of other etiologies of AAD. Although it is appreciated
that the intestinal microbiome is in an active stage of
change during early life, few studies report clinical data
by finer age strata other than either pediatric or adult.
For this review, we include all ages under 21 years
as pediatric AAD and ages 1-21 years old as pediatric
CDI.

McFarland LV, Ozen M, Dinleyici EC, Goh S. Comparison of
pediatric and adult antibiotic-associated diarrhea and Clostridium
difficile infections. World J Gastroenterol 2016; 22(11): 3078-3104
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i11/3078.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3078

INTRODUCTION
Clinical presentation and response to treatments often
differ radically in pediatric compared to adult patient
populations. Although antibiotic-associated diarrhea
(AAD) and Clostridium difficile (C. difficile) infections
(CDI) are widely studied in adult populations, a
comparison of the disease processes in the pediatric
population is not as well described, especially for C.
[1]
difficile infections . If pediatric and adult patients
respond differently to therapies for these conditions,
this may be an important clinical concern, as global
guidelines are typically based on adult patients, not
[2,3]
children . Results from clinical trials performed in
adults might be extrapolated to pediatric populations
if the response is similar in these two populations.
Currently, there are limited comprehensive com
parisons of these two populations for AAD and CDI.
[4-6]
The national prevalence of both pediatric
and

WJG|www.wjgnet.com

Diarrhea

The World Health Organization defined diarrhea in
adults and children as “the passage of three or more
loose or liquid stools per day, or more frequently than
[16]
is normal for the individual” . In clinical studies,
diarrhea in adults is usually defined as ≥ 3 liquid
[2,17]
stools/d for at least two days
. Pediatric diarrhea is
[16]
typically defined using the WHO definition , but one
[18]
study defined pediatric diarrhea as ≥ 5 stools/d .

Antibiotic-associated diarrhea

AAD is defined as diarrhea associated with antibiotic
exposure, either while on antibiotics or for up to eight
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weeks after antibiotics have been discontinued
Although the etiologies for AAD are varied and not
all the pathogens are identifiable, nearly one-third
of AAD cases are due to C. difficile. In pediatric AAD,
[21]
etiologies may include viruses (25% in one study)
or C. difficile (22%-30%), but also may be due directly
to osmotic imbalances in the intestines brought about
by antibiotic exposure and microbiota disruption.
In adults with AAD, identifiable pathogens include
C. difficile (13%-28%), C. perfringens (3%-21%),
Staphylococcus aureus (1%-28%) and less commonly
[22-27]
Klebsiella oxytoca
.

healthcare facility within the previous 12 wk. The onset
of HCFA cases may be either during their current stay
(healthcare-onset) or after discharge (communityonset). Community-acquired CDI (CA-CDI) cases are
defined as a symptom onset in the community with
no associated healthcare facility exposure in the prior
12 wk, or onset ≤ 48 h of a current hospital admission
and the last discharge from a healthcare facility
[2]
beyond 12 wk of the admission .

C. difficile infections

Pediatric AAD incidence: National surveillance
studies have not been done documenting the incidence
of pediatric AAD in the general population, but
estimated frequencies of pediatric AAD ranging from
6-80/100 can be obtained from the control groups in
randomized, placebo-controlled clinical trials or from
prospective cohort studies, as shown in Table 1. From
a meta-analysis of 22 clinical trials of children exposed
to antibiotics, AAD in the controls ranged from 4.3% to
[19]
80%, with a median incidence of 22% . The incidence
of pediatric AAD varies largely due to two main
factors: the age of the child and the type of antibiotic
to which the child is exposed. From birth to 6 mo,
infants seem to be protected by maternal antibodies
supplied in the breast-milk and by the establishment
of normal microbiome during the passage through the
[32,33]
birth canal
. Neonates who are not breast-fed or
are delivered by Caesarian section do not benefit from
[33]
these two protective mechanisms . As infants are
transitioned to solid food, the incidence of AAD seems
to increase, perhaps reflecting a shift in the normal
intestinal microbiome. Few studies have documented
the incidence of pediatric AAD in the healthcare
setting, but the frequency in outpatients has been
reported ranging from 6%-75%, as shown in Table 1.
The reported mean age of pediatric AAD ranges from
18-48 mo. old (Table 1). Few studies of pediatric AAD
have provided age, gender or racial distribution of their
cases, but one study reported no significant differences
[34]
by gender .

EPIDEMIOLOGY
Incidence and setting

CDI diagnosis is based on standard definitions in
practice guidelines, which are based on a positive
result in two factors: (1) presence of C. difficile in
the stool (e.g., microbial culture, cytotoxin assay,
enzyme immunoassay, nucleic acid amplication test,
or polymerase chain ribotyping); and (2) the presence
of gastrointestinal symptoms (e.g., diarrhea, colitis,
[2,28,29]
etc.) without another etiology being present
.
While there is no standard definition of severe CDI,
most experts agree that severe CDI should include
at least one of the following: elevated leukocyte
counts, elevated creatinine, albumin counts, intensive
care unit admission, surgery or pseudomembranous
[2]
colitis .

Onset of symptoms

Laboratory testing and surveillance data allows both
the setting (location of disease onset) and the time of
onset (incubation time) to be determined. If an etiology
can be determined (e.g., C. difficile), the source of
the infection may be determined. AAD or CDI cases
may begin exhibiting symptoms at healthcare settings
(including hospitals and long-term care facilities) or
in community settings (home, daycares, etc.), but
the setting is typically only defined for CDI cases. The
incubation time for AAD (defined as the time between
antibiotic initiation and the onset of diarrhea) falls into
two groups: early onset, occurring during antibiotics
and delayed onset, which may occur from 2-8 wk
[30,31]
after the antibiotics have been discontinued
. The
incubation time for CDI should best be measured from
the first day of the inciting antibiotic to the first day of
diarrhea associated with a positive C. difficile assay,
but most studies of CDI have not collected data related
to the first day of antibiotic for all their patients.
As a consequence, the incubation time for CDI is
typically measured starting from either the first day of
healthcare facility admission or first positive laboratory
test for C. difficile and ending at the first day of defined
diarrhea. Healthcare facility-associated (HCFA) cases
are assumed to have acquired C. difficile either during
their current stay or during a previous recent stay at a

WJG|www.wjgnet.com

Adult AAD incidence: The incidence of adult AAD
cases ranges from 7-33/100 in adult inpatients to as
few as 2.5/100000 person-years for adult outpatients
or mixed inpatient and outpatient cases receiving
antibiotics, as shown in Table 1. One review of six
randomized trials found the frequency of AAD in elderly
patients (≥ 65 years old) ranged from 10%-37% in
[35]
control groups . While few studies of adult AAD have
provided age or gender data, two studies reported
the mean age was 49-72 years old and 47% were
[36,37]
female
. Few studies of AAD report distribution by
race or ethnicity.
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Table 1 Comparison of epidemiologic factors for pediatric antibiotic-associated diarrhea vs adult antibiotic-associated diarrhea and
pediatric Clostridium difficile infections vs adult Clostridium difficile infections
Characteristics Pediatric AAD
rate/100
(n /total)

Ref.

Adult AAD
rate/100 unless
noted (n /total)

Ref.

Pediatric CDI
rate/10000
(n /total)

Ref.

Adult CDI
rate/10000
(n /total)

Ref.

Shan[93]
Jirapinyo[151]

7 (14/204)1
9 (10/112)1
9.6 (67/743)2
10.4 (153/1471)1
13 (13/98)1
15 (14/96)1
19 (48/257)1
22 (14/64)1
23 (55/242)2
25 (41/167)1
29 (42/144)1
33 (10/30)1
7.7/100000 py5
12/100000 py2
15/1005

Duman[158]
Selinger[112]
Elseviers[37]
Allen[159]
Pozzoni[160]
McFarland[96]
Li[161]
Surawicz[162]
Lusk[36]
Ouwehand[163]
Shan[93]
Dietrich[23]
Hirschhorn[164]
Levy[165]
Yapar[80]

22
5.8 ad3
6.5 pd4
6.8 v3
12.8 ad4
13.4 pd5
31.5 d4
135.0 ad3
416.71

Sathyendan[38]
Chen[167]
Kim[168]
Benson[70]
Zilberberg[5]
de Blank[69]
Deshpande[169]
Duleba[18]
Shan[93]

4.3 pd3
5.4 py4
5.7 hd2
10 pd2
12 py5
29.2 pd2
72 ad5
1282
131 ad6
1000 (93/30)1
2080 (83/399)2

Stevens[173]
Vesteinsdottir[73]
Wenisch[102]
Hsu[103]
Kuntz[174]
McFarland[121]
Zilberberg[7]
Huang[65]
Jarvis[175]
Dietrich[23]
McFarland[45]

143
200 (1/58)1
390 (12/306)1
780 (9/115)1
790 (6/76)2

Benson[70]
Arvola[21]
Boenning[170]
Hyams[171]
Mitchell[85]

1.15
1.22
11.1 py5

Fellmeth[75]
Levy[165]
Kuntz[174]

2.5/100000 v2

Meropol[166]

2.5 py5
5.42

Khanna[17]
Vesteinsdottir[73]

21%
53%
59%
68%
89%
92%

Garg[178]
Leung[179]
Khanna[17]
Zilberberg[7]
McFarland[45]
Kazadova[180]

8%

Kazadova[180]

11%
23%
27%
33%
34%
41%
43%

McFarland[121]
Zilberberg[7]
Vesteinsdottir[73]
Garg[178]
Kutty[87]
Khanna[17]
Leung[179]

46%

Garg[178]

59 yr
61 yr
62 yr
64 yr
64 yr
65 yr

Stevens[173]
El Feghaly[182]
Huang[65]
Muto[59]
Kim[98]
Vesteinsdottir[73]

Incidence:
Inpatient

29 (42/144)1
80 (8/10)1

Outpatient

6.2 (14/225)2 Damrongmanne[76]
11 (71/650)2
Turck[63]
16 (9/58)1
Arvola[21]
24 (8/33)1
Ahmad[152]
26 (25/95)1
Vanderhoof[34]
29 (22/76)2
Mitchell[85]
52 (13/25)1
Saneeyan[153]
59 (16/27)1
Seki[154]
62 (31/50)1
La Rosa[155]
75 (27/36)1
Fox[156]
17 (20/120)1
Ruszczyński[78]
23 (29/127)1
Kotowska[157]

Mixed in- and
out-patients

Setting
Healthcare facility
associated
(HCFA) (%
cases)

NR

NR

Communityacquired (CA)
(% cases)

NR

NR

Long term
care facility
acquired
Age
mean (range)

NR

18 (4-31) mo
25 ± 9 mo
48 mo

NR

Shan[93]
Mitchell[85]
Vanderhoof[34]
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49 yr
72 yr

Lusk[36]
Elseviers[37]
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1.45
Khanna[40]
4
2.1
Wendt[4]
60 (1/161)1
Destura[172]
600 (7/120)1 Ruszczyński[78]
800 (10/127)1 Kotowska[157]
25%
Khanna[40]
46%
Crews[12]
48%
Sammons[44]
65%
Pai[71]
69%
Sandora[66]
71%
TschudinSutter[72]
74%
Schwartz[176]
19%
TschudinSutter[72]
25%
Sandora[66]
26%
Schwartz[176]
29%
Pai[71]
30%
Samady[68]
39%
Kociolek[177]
41%
Crews[12]
52%
Duleba[18]
54%
Sammons[44]
67%
Benson[70]
71%
Wendt[4]
75%
Khanna[40]
96%
Søes[43]
NR
--

1.5 yr
2 yr
2 yr
2 yr
3 yr
3 yr

Shan[93]
Khanna[40]
Chen[167]
Duleba[18]
Pai[71]
Hart[54]
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Gender
(% female)

56%

Race:
Caucasian
Outbreaks
(number of
cases)

NR
n = 18

Ribotype
NAP1/027/BI
prevalence

Vanderhoof[34]

46%
48%

Elseviers[37]
Lusk[36]

NR
Kim[41]

NR

NR

NR

3-6 yr
4 yr
5.4 yr
6 yr
6.5 yr
6.5 yr
6.7 yr
7 yr
8 yr
9 yr
10 yr
39%
41%
42%
46%
46%
46%
46%
47%
47%
47%
48%
48%
49%
49%
49%
49%
59%
65%
n=6
n=6
n = 13

Kociolek[177]
Kim[115]
Morinville[100]
Sammons[44]
Schwartz[176]
Wendt[4]
Na[13]
Crews[12]
Nylund[181]
Nylund[14]
Deshpande[169]
Crews[12]
Kociolek[177]
Schwartz[176]
Hart[54]
Khanna[40]
Kim[115]
Morinville[100]
Chen[167]
Wendt[4]
de Blank[69]
Nylund[14]
Søes[43]
Sammons[44]
Duleba[18]
Pai[71]
Na[13]
Sathyendan[38]
Sammons[44]
Cartwright[48]
Ferroni[47]
Kim[41]

0%
0%
0%
< 1%
< 1%
11%
11%
19%
20%

von Müller[51]
Stoesser[52]
Sathyendan[38]
Kociolek[177]
Søes[43]
Schwartz[176]
Kim[98]
Toltzis[50]
Duleba[18]

66 yr
68 yr
70 yr
71 yr
74 yr
74 yr
75 yr
77 yr

McFarland[121]
Khanna[17]
McFarland[64]
Garg[178]
Wenisch[102]
Tabak[117]
Loo[57]
Eyre[118]

47%
47%
47%
49%
49%
49%
53%
58%
63%
64%
64%
64%
66%
66%
67%

Kim[98]
Loo[57]
El Feghaly[182]
Carignan[183]
Muto[59]
Stevens[173]
Tabak[117]
Eyre[118]
Garg[178]
Huang[65]
Wenisch[102]
Vesteinsdottir[73]
Fellmeth[75]
Crabtree[184]
Khanna[17]

NR
n=6
n = 15
n = 21
n = 98-174
n = 253
n = 293
n = 1269
n = 1703
6.60%
18%
28%
31%
31%
50%

See[185]
Lam[61]
Gaynes[55]
Johnson[56]
Muto[59]
Pépin[58]
Jump[60]
Loo[57]
Wenisch[102]
Scardina[186]
See[107]
Miller[62]
von Müller[51]
Toltzis[50]

1

Data from control group of randomized control trial; 2Data from prospective cohort study of hospital or community population; 3Data from retrospective
review of limited number of hospitals; 4Data from population-based surveillance; 5Data from retrospective review of national database or several hospitals
or population-based; 6Data from national point-prevalence survey. References are given by last name of first author and citation number in brackets. ad:
admissions; AAD: antibiotic-associated diarrhea; CDI: Clostridium difficile infection; d: discharges; hd: hospital-days; NR: Not reported; pd: patient-days;
pop: population; py: person-years; v: Visits.

[1]

in breast milk . The high incidence of C. difficile
acquisition by neonates may be due to exposures to C.
[15]
difficile spores in the hospital environment . However,
in one study at two hospitals in New Zealand, only 3%
[38]
of the neonates were asymptomatic carriers . The
incidence of pediatric asymptomatic colonization with
C. difficile decreases with the increase in age from 6
mo-1 year. In contrast, to the very low incidence of
symptomatic CDI in neonates, symptomatic disease
peaks 4-5 years of age, with the median age typically
reported ranging from 1.5-10 years old (Table 1). This
peak may reflect increased exposure to C. difficile

Pediatric CDI incidence: Incidence of pediatric
CDI is dependent upon two main factors: age
and hospitalization status. The high prevalence of
asymptomatic carriers of C. difficile in neonates
requires that the diagnosis of pediatric CDI be based
on laboratory findings, the presence of intestinal
symptoms, and the age of the child. Up to 67% of
neonates delivered in hospitals may be colonized with
C. difficile, but rarely show diarrheal symptoms. This
is thought to be due to the lack of C. difficile toxin
receptors in the neonatal colon, or from the presence
of maternal anti-C. difficile toxin A/B antibodies
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spores found in soil or from other children with CDI
[39]
in daycares or kindergartens . After peaking at age
4-5 years, the incidence of pediatric CDI declines from
ages 6-18 years old to rates typically seen in adult CDI
cases. Rates of CDI may also range widely depending
upon type of healthcare facility exposure: rates range
from 2-420/10000 d for pediatric inpatients, while
ranging from 14-800/10000 for outpatient children.
The wide range of CDI rates shown in Table 1 may
reflect differences in data collection methods rather
than a true difference in incidence. Inpatient data
may be more accurate, as it is usually collected from
prospective cohort studies or surveillance programs.
The higher rates reported in outpatient studies are
often collected from control groups from randomized
trials and may not accurately reflect true population
rates. Data from the United States Healthcare Cost
and Utilization Project Kids’ Inpatient Database found
rate of pediatric CDI of 12.8/10000 in inpatients,
[5]
with peak ages of 1-4 years old . A CDC Emerging
Infections surveillance program across ten United
States states from 2010-2011 found 71% of pediatric
CDI was from outpatients, the peak age was < 1 year
old (71/100000), and children 2-3 years old had the
[4]
next highest incidence (34/100000) . Secular trends
of increasing incidence for pediatric CDI over time
have been noted. A doubling of pediatric CDI cases
[5,14]
was noted in two national surveys from 1997-2006
and another study found a 12-fold increase in pediatric
[40]
CDI from 1991-2009 . From a meta-analysis of six
clinical trials of children exposed to antibiotics, CDI in
the controls ranged from 0% to 8%, with a median
[19]
of 4% . Most pediatric CDI is acquired in healthcare
facilities, but more CA-CDI cases are being reported.
Pediatric CA-CDI ranges from 19%-96%, with a
median of 41% (Table 1). Healthcare facility acquisition
of pediatric CDI ranges from 25%-74%, with a median
of 65% (Table 1). Community sources for pediatric
CDI cases may include daycare centers, where CDI
[41]
outbreaks have been reported
or transmission from
[39,42]
recently hospitalized family members
. From a
cohort of Danish children attending a general practice
for intestinal complaints, 96% of the CDI cases were
CA, with 69% also having another pathologic agent
(viruses or E. coli) and the most common ribotype
of C. difficile was type 014 (35%), while only < 1%
[43]
had NAP1 ribotype . Gender seems not to play an
important role in pediatric CDI, as the distribution
between female and male cases is nearly equivalent
(Table 1). From 16 studies of pediatric CDI, the
range of frequencies for females was 39%-49%.
Few studies report race or ethnicity, but two studies
found most (59%-65%) of pediatric CDI cases were
[38,44]
Caucasian
.

studies of CDI, the incidence of adult CDI has ranged
from 1-11/10000 for outpatients to 4.3-131/10000
for adult inpatients (Table 1). Estimates of incidence
extrapolated from a clinical trial and a cohort of adults
on one hospital ward resulted in higher rates (1000
[23,45]
-2080/10000)
. Even excluding the two highest
estimates, rates of adult CDI are typically higher for
adult inpatients compared to outpatient populations.
In adult CDI cases, most (21%-92%) cases are
reported as HCFA-CDI (Table 1), while only 8%-43%
have been CA-CDI. Secular trends in adult CDI cases
[11]
increased by four-fold from 1998-2006
and United
States national surveillance data show continued
[7,8]
increases in the rates of adult CDI from 2000-2013 .
Elderly patients in long-term care facilities are also
[46]
experiencing increasing CDI rates . The reported
median age of adult CDI ranges from 59-77 years old
(Table 1). Most cases (47%-67%) of adult CDI are
female, while ethnicity or race data is rarely reported
in studies of adult CDI.

Outbreaks

Pediatric AAD outbreaks: Few outbreaks of pediatric
AAD have been reported in children < 2 years old.
Of 65 children in daycares who were followed for
3.5 mo., five outbreaks of diarrhea occurred (n = 21
developed diarrhea), and while most (62%) were due
[41]
to C. difficile, eight (38%) had no known etiology .
There are few other reports of pediatric AAD outbreaks
excluding those with CDI.
Adult AAD outbreaks: The difficulty of determining
outbreaks of AAD is that early reports in the literature
of outbreaks may have been due to C. difficile, but
were missed as testing was not standard before 1980’
s. In addition, the lack of assays for other etiologies
of AAD has limited documentation of AAD outbreaks.
One study of adult inpatients with diarrhea, 591/4659
(13%) of AAD cases were due to C. difficile, 155 (3%)
due to Clostridum perfringens and 10 (0.2%) due to
Staphylococcus aureus. No clustering of C. perfingens
or S. aureus DNA fingerprints was found to indicate an
[22]
outbreak situation .
Pediatric CDI outbreaks: A few, small CDI outbreaks
[41,47,48]
involving 6-13 children have been reported
.
Despite a high rate of C. difficile carriage in several
[39,49]
pediatric patient studies
, large CDI outbreaks were
found to be uncommon. An epidemiological study at a
Belgian pediatric hospital found asymptomatic carriage
of C. difficile was common (76/114, 67% were positive
for C. difficile) but only 13 children developed CDI
and 2 developed necrotizing enterocolitis, and no
evidence of CDI outbreaks were observed. Clustering
of serogroups B and C were observed, but most were
[49]
asymptomatic carriers .

Adult CDI incidence: From national surveillance
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A hypervirulent strain of C. difficile (NAP1/027/BI)
is responsible for outbreaks in adults, but is detected
[50]
only rarely in pediatric CDI populations , and not
[38,51-53]
found by others
, making its contribution to
disease in children less certain than in adults. In
a study, of 28 isolates of C. difficile isolated from
children, eight different genotypes were seen, but none
[52]
were 027 ribotype . While in most studies of pediatric
CDI, < 20% of isolates are the hypervirulent strain
(Table 1), a few studies found higher frequencies of
this ribotype. NAP1/027/BI isolates were found in 19%
of 195 samples from children hospital isolates (median
[50]
age of 2.5 years old)
and in 20% of pediatric cases
[18]
in Poland . Most studies find ribotype 014 is the most
common strain isolated from pediatric CDI cases. Two
studies in New Zealand and Australia reported ribotype
014 was the most commonly isolated (37% and 48%,
[38,54]
respectively)
and also from a study in Germany
[55]
(26%) .

outpatient children on oral antibiotics, symptomatic
pediatric AAD occurred in 18% of outpatient children
aged 1-2 years old and in 3% for older children
[63]
(3-16 years) . The incidence of AAD may be even
higher (60% to 70%) if broad-spectrum antibiotics
(cephalosporins, penicillins, etc.) were used. The
number of controlled studies determining risk factors
for pediatric AAD is limited. Few other risk factors for
pediatric AAD have been established.
Adult AAD risk factors: Most studies determining
risk factors for AAD have focused on the most
common etiology of AAD, namely C. difficile. Literature
is limited for risk factors of non-C. difficile AAD cases.
One study prospectively followed 4659 adult inpatients
for AAD and found 13% were due to C. difficile, 3%
were due to Clost. perfringens and 0.2% were due
[22]
to S. aureus . Risk factors for adult C. perfringensassociated AAD included: age > 80 years (OR = 13.7),
female gender (OR = 2.0) and antacid use (OR =
[22]
2.8) . Another study of adult patients with AAD found
age > 80 years, previous antibiotic use (OR = 2.3)
and proton-pump inhibitor use (OR = 2.0) increased
the risk of AAD, but co-morbidities or surgery had no
[37]
effect on the risk of AAD .

Adult CDI outbreaks: The notoriety of CDI is due
to its ability to cause large outbreaks of disease in
adults at healthcare facilities that are difficult to control
without a multidisciplinary infection control programs.
Nosocomial outbreaks have been reported in adult
inpatients since the 1980s, with as few as 15 cases
[55-58]
to as many as 1703 (Table 1)
. Large outbreaks
of CDI occurred in 12 Canadian hospitals in Quebec
providence during 2004 (n = 1703 CDI cases) which
were associated with high mortality and the increased
incidence was associated with the emergence of a
hypervirulent strain of C. difficile typed as NAP1/027/
[57]
BI . A large outbreak of CDI with 253 adult
nosocomial cases was reported at a teaching hospital
[59]
following increased fluoroquinolone use . Jump
[60]
et al
reported outbreaks of CDI in five hospitals
during 2006 in Ohio, totally 1269 cases and 66% of
the isolates were typed as NAP1/027/BI. However,
other strain types of C. difficile are also responsible
for outbreaks. During one outbreak at a Hong Kong
rehabilitation ward, 80% of 15 cases of adult CDI at
[61]
were due to ribotype 02 . NAP1/027/BI C. difficile
strains continue to be responsible for outbreaks of CDI
in adult patients, particularly elderly patients in Canada
and this serotype is now frequently isolated in adults
[57,62]
globally (Table 1)
.

Pediatric CDI risk factors: In contrast to AAD, there
are numerous studies for CDI risk factors (Table 2).
Risk factors for CDI involve a triad of factors: (1) host
factors (e.g., age, gender, co-morbidities); (2) factors
disruptive of the protective intestinal microbiome
(e.g., antibiotics, surgery, other medications,
nasogastric tube feeding, gastrostomy); and (3)
increased exposure to C. difficile spores (e.g., longer
healthcare facility stays, prior admissions, infected
[64,65]
room-mates)
. However, not all factors act equally
in the pediatric vs adult populations. The risk factors
that are common for pediatric CDI include: age 1-4
years old, co-morbidities (especially cancer and
inflammatory bowel disease), exposure to antibiotics
within the prior 12 wk (particularly multiple antibiotics,
cephalosporins, and penicillins), and prior or current
[38,66-69]
hospitalization (Table 2)
. Conversely, risk factors
for pediatric CA-CDI are not as strongly associated
[70]
with antibiotic exposure . From the CDC Emerging
Infections Program, data from 10 United States states
from 2010-2011 found 71% of the 944 of pediatric
CDI cases were CA-CDI and of these, 67% had no
antibiotic exposure in the two weeks prior to CA-CDI
[4]
diagnosis . The five studies that show the highest
rate of no prior antibiotic exposures (19%-67%) were
[4,12,40,70,71]
largely CA-CDI pediatric cases (Table 2)
. In a
study of 202 children with CDI, CA cases were found
to have less co-morbidities (74% vs 98%) and less
antibiotic exposure (42% vs 77%) than HCFA cases,

Risk factors

Pediatric AAD risk factors: Risk factors for AAD may
broadly be divided into two modalities: host factors
(e.g., age) and disruptive factors (e.g., antibiotics)
that may disturb the normally protective intestinal
[1,20]
microbiome
. The two main risk factors for pediatric
AAD are age (1-2 years old) and type of antibiotic
exposure, as shown in Table 2. In one study of 650
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Table 2 Comparison of risk factors for pediatric antibiotic-associated diarrhea vs adult antibiotic-associated diarrhea and pediatric
Clostridium difficile infections vs adult Clostridium difficile infections from multivariate analyses
Host Factors

Pediatric AAD

Ref.

Adult AAD

Ref.

Pediatric CDI

Ref.

Adult CDI

Ref.

< 2 yr (RR =
1.8)

Turck[63]

> 70 yr
> 70 yr

Elseviers[37]
Asha[22]

1-4 yr
6 mo-2 yr

Tai[67]
McFarland[1]

> 65 yr
> 65 yr
> 65 yr
> 65 yr
> 65 yr
> 85 yr
Yes (RR = 1.2)
Yes (HR = 1.4)
Yes (OR = 1.3)
Yes (OR = 4)
No
No
Yes (OR =2.3)
Yes (OR = 3.6)

Hu[189]
Beaulieu[190]
Vardakas[74]
Pepin[106]
McFarland[89]
Vesteinsdottir[73]
Eyre[118]
Marwick[191]
McFarland[121]
Wenisch[102]
Tabak[117]
Vesteinsdottir[73]
Dubberke[192]
Huang[65]

Yes (OR = 3.3)
No

Hourigan[187]
Leung[179]

Yes (OR = 2.8)

McFarland[121]

Age

Comorbidity

NR

No

Elseviers[37]

Yes (OR = 1.1)
Yes (OR = 1.1)
Yes (OR = 2.0)

Sammons[44]
Tai[67]
Samady[68]

Chemotherapy
or cancer

NR

No

Elseviers[37]

IBD

NR

No

Elseviers[37]

de Blank[69]
Tai[67]
Sathyendan[38]
Hourigan[187]
Nyland[14]
Kelsen[188]

Prior GI
condition
Immunodeficiency
Disruptive factors
Previous
antibiotics

NR

NR

Yes (HR = 1.9)
Yes (OR = 3.8)
Yes (RR = 2.7)
Yes (OR = 11.4)
Yes (OR = 11.4)
Yes (OR = 4.5)
NR

NR

NR

Yes (OR = 6.0)
Yes (OR = 8.1)

Samady[68]
Sandora[66]

NR

NR

OR = 2.3

Yes (OR = 1.2)
Yes (OR = 2.2)

Sathyendan[38]
Sandora[66]

Yes (RR = 2.8)

Samady[68]

Amino (HR =
1.3) and Ceph
(HR = 2.4)
Quino
(OR = 17.0)

de Blank[69]

Yes (OR = 1.3)
Yes (HR = 1.4)
Yes (RR = 2.1)
Yes (HR = 3.4)
Yes (OR = 3.6)
Clind (OR = 4.3)
Ceph (RR = 3.8)

Loo[57]
Stevens[173]
McFarland[121]
Marwick[191]
Huang[65]
Johnson[56]
Asha[22]

Diclox, Clind,
Ceftriaxone
(OR = 2.2-7.5)
Ceph and Pen
(OR = 2.1)
Clind, Quino,
Ceph (OR = 3.8)
Clind/Levo/
Ceftrizone (OR = 3.0)
Cefoxitin (OR = 2.7)
Ceph (OR = 5.6)
Quino (HR = 3.4)
6%
13%
20%
40%
96% (CO)

Vesteinsdottir[73]

Yes (OR = 2.6)
Yes (OR = 2.8)
Yes (OR = 1.6)
Yes (OR = 1.8)
Yes (OR = 2.8)
Yes (OR = 6.1)
No

Huang[65]
Zerey[193]
Dubberke[192]
Muto[59]
Stevens[173]
Peled[25]
Khanna[17]

Type of
antibiotic

Amoxicillin/
clavulanate
(RR = 2.4)

Elseviers[37]

Turck[63]

No prior
antibiotics < 2-8
wk prior

NR

NR

Abdominal
surgery
PPI

NR

NR

NR

OR = 2.0
OR = 2.8
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Elseviers[37]
Asha[22]

Sandora[66]

2%
5%
8%
13%
19%
22%
27%
43% (CO)
67% (CO)
Yes (OR = 3.3)

Sammons[44]
Duleba[18]
Samady[68]
Chen[167]
Crews[12]
Khanna[40]
Pai[71]
Benson[70]
Wendt[4]
Sandora[66]

Yes (HR = 1.4)
Yes (RR= 1.7)
Yes (RR = 2.4)
Yes (OR = 4.2)
No

de Blank[69]
Sathyendan[38]
Nylund[181]
Samady[68]
Brown[194]
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McFarland[64]
Loo[57]
Muto[59]
Carignan[183]
Dubberke[192]
Pépin[58]
McFarland[64]
Khanna[17]
McFarland[121]
Loo[57]
Fellmeth[75]
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Histamine-2
NR
receptor
antagonist
Exposure to C. difficile spores
Prior
NR
hospitalization

No
No

Sandora[66]
Sammons[44]

NR

Yes (RR = 2.2)

Brown[194]

NR

Yes (OR = 1.7)
Yes
(OR = 2.3)
No

Tai[67]
Samady[68]

Prior long term
care residence
Prolonged length
of stay (current)

NR

NR

NR

NR

NR

Yes (OR = 15)

Infected
roommates/CD
proximity/CD
pressure
Previous CDI

NR

NR

NR

NR

NR

NR

Sandora[66]

Tai[67]

No
No
No
No
No
Yes (OR = 3.1)

Leung[179]
Vesteinsdottir[73]
Pépin[58]
Marwick[191]
Huang[65]
Peled[25]

Yes (OR = 1.3)
Yes (OR = 2.0)
Yes (RR = 2.3)
Yes (HR = 4.7)
Yes (RR = 5.1)
No
Yes (OR = 3.9)
Yes (HR = 4.1)
Yes (RR = 1.01)
Yes (OR = 2.8)
Yes (OR = 5.1)
No
Yes (RR = 1.7)
Yes (OR = 4.0)

McFarland[121]
Eyre[118]
Vesteinsdottir[73]
Marwick[191]
McFarland[64]
Huang[65]
Vesteinsdottir[73]
Marwick[191]
Asha[22]
Huang[65]
Lee[195]
Carignan[183]
McFarland[45]
Dubberke[192]

Yes (HR = 4.5)
No

Stevens[173]
Khanna[17]

References are given by last name of first author and citation number in brackets. AAD: Antibiotic-associated diarrhea; Amino: Aminoglycoside; CDI:
Clostridium difficile infections; IBD: Inflammatory bowel disease; Ceph: Cephalosporins; Clind: Clindamycin; CO: Community-onset; Diclox: Dicloxacillin;
HR: Hazard ratio; Levo: Levofloxacin; NR: Not reported; OR: Odds ratio; Pen: Penicillin; PPI: Proton-pump inhibitor; RR: Relative risk; Quino: Quinolones.

[22]

which had a higher rate of CDI recurrences (21%
[72]
vs 9%, respectively) . Conflicting findings on comorbidity was reported in another study, which found
more gastrointestinal co-morbidities (23%) in CA[71]
CDI compared to HCFA-CDI cases (6%) . In two
studies, CA-CDI pediatric patients were younger than
[40,71]
HCFA cases
, but had similar rates of no antibiotic
exposure and recurrence rates. The literature presents
different results for proton-pump inhibitors, some
showing significant risk, while others do not (Table 2).
Further research may help to define the role of protonpump inhibitors and pediatric CDI.

drugs (aRR = 8.1), feeding tubes (aRR = 2.8) ,
albumin level < 2.7 mg/dL (aOR = 3.8), leukocytosis
[WBC count > 13000 cells/ml (aOR = 2.7), impaired
functional capacity (independent was baseline vs
required assistance or bedridden, aOR = 9.14), watery
[25]
diarrhea (aOR = 17.4) , and mechanical ventilation
[73]
(aOR = 1.9) . A meta-analysis pooled data from five
studies of adult CDI and found the same risk factors
associated with BI/NAP1/027 strain as with other
strain ribotypes: age > 65 years (aOR = 1.77, 95%CI:
1.31-2.4) and fluoroquinolone use (aOR = 1.96,
[74]
95%CI: 1.37-2.80) . The one study with the highest
report of no antibiotic exposure (96%) was also mostly
[75]
community cases . Exposure to infected room-mates
or proximity pressure has been reported by several
studies in adult CDI (Table 2), but not in children,
which may be due to the lack of HCFA outbreaks
reported in pediatric hospitals. The literature presents
different results for proton-pump inhibitors, some
showing significant risk, while others do not (Table 2).

Adult CDI risk factors: The risk factors that are
common for adult CDI also include the same triad of
factors (Table 2): host factors (age, co-morbidities),
disruptive factors (exposure to antibiotics or other
medications) and increased exposure to C. difficile
spores (prolonged lengths of stay at healthcare
facilities). A broader range of antibiotics have been
identified as high-risk in adults, but there are not as
many studies done in children (Table 2). However,
many additional types of risk factors were identified
in several studies using multivariate models to adjust
for other simultaneous risk factors. These included
enemas (aRR = 3.3), gastrointestinal stimulants
[64]
(aRR = 3.1), stool softeners (aRR = 1.7) , cytoxic
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Comparison of epidemiology of pediatric and
adult AAD: The overall median incidence of pediatric
AAD averages 27/100 compared to 15/100 for adult
AAD, but the range in both populations is wide (<
1%-80%), as shown in Table 1. The incidence from
these studies may be confounded by method the
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data was collected and from differences in the age
distributions, the types of antibiotic exposures and
whether the antibiotic exposure occurred while the
patient is hospitalized or as an outpatient. Data for
secular trends of pediatric AAD and adult AAD have
not been documented, so it is uncertain if non-C.
difficile related AAD is increasing or decreasing over
time. Limited data is available on non-C. difficile
etiologies of AAD and, without having a pathologic
etiology to link time of occurrence and place, it is
impossible to establish the existence of non-C. difficile
outbreaks of AAD for both pediatric and adult cases of
AAD. It is difficult to compare risk factors for pediatric
vs adult AAD due to the lack of studies for AAD risk
factors.

CLINICAL PRESENTATION
Incubation time

Pediatric AAD incubation time: The mean
incubation times for pediatric AAD is from 2-6 d,
with AAD typically occurring while the children are
on antibiotics (85%-92% of cases); only 8%-15%
report delayed-onset AAD post-antibiotics (Table
3). For example, in 225 outpatient children given
antibiotics, the mean onset was 2.3 ± 1.1 d and all
cases of AAD occurred while the children were taking
[76]
the antibiotics . The time of onset is similar for
[63,76]
[77,78]
outpatients (2-5 d)
and for inpatients (4-6 d)
.
Adult AAD incubation time: The mean incubation
time for adult AAD cases is 3-18 d, but the time of
onset (while on antibiotics vs delayed-onset) was not
as consistently reported as in studies of pediatric AAD.
Studies with lower rates of delayed-onset AAD tend to
suffer from an insufficient follow-up after antibiotics
[79,80]
were discontinued
. In one controlled trial of
adults on antibiotics randomized to a probiotic drink or
control group, only 5 (26%) of the 62 control patients
developed AAD while on antibiotics, while most (74%)
[81]
had delayed-onset AAD .
The incubation period of AAD is related to time
of normal flora recovery after antibiotic exposure. In
one study of six healthy adult volunteers exposed to
oral amoxicillin (1.5 g/d for 5 d), a major shift in the
normal flora was detected within 24 h after antibiotic
exposure; 88% of the normal flora recovered within
[82]
30 d and only 89% recovered after 60 d . One
case of an adult patient with amoxillcin-clavulanic
acid treatment was followed for changes in normal
[83]
flora . After day four of antibiotic exposure, there
was a complete absence of Clostridium cluster XIVa
(down from 20% from day 0) and the presence
of Faecalibacterium decreased from 33% to 15%.
These two taxa are the main ones associated with the
production of butyrate (the preferred energy source
of colonocytes). The intestinal microflora of three
healthy adult human volunteers was characterized
using 16S rRNA sequencing before and after exposure
to ciprofloxacin (500 mg bid for 5 d). Ciprofloxacin
impacted 33% of the bacterial taxa in gut, reducing
both diversity and taxonomic richness. Taxonomic
composition mostly recovered within 4 wk postantibiotic exposure, but several taxa failed to recover
within 6 mo. Ciprofloxacin was found to reduce 30% of
[84]
the taxa in these individuals .

Comparison of epidemiology of pediatric and
adult CDI: While the overall median incidence from
Table 1 of pediatric CDI (31/10000) may be higher
than adult CDI (10/10000), these rates are highly
influenced by method in which the data was collected,
differences in age distribution, setting (inpatient or
outpatient) and underlying risk factor distribution.
National, prospective surveillance studies of CDI
rates have only recently become established. The
prevalence of CDI is not constant over all age ranges;
pediatric CDI peaks at age 5, while adult CDI peaks
at age 67. The increase in pediatric CDI in early
childhood may be due to an increase in antibiotic use,
especially associated with respiratory infections and
perhaps to exposure to other children in schools and
daycare settings. Adult cases of CDI may increase
with age due to the development of more chronic
co-morbidities, higher rates of hospitalizations and
increased exposure to antibiotics with age. Generally,
more CA cases are reported for pediatric CDI (41%)
compared to adult cases of CA-CDI (30%). The
rate of CA-CDI is increasing, especially in children.
Significantly more adult CDI cases are female (median
of 56%) compared to female pediatric cases (median
of 47%, P < 0.01). There have been few studies that
have reported outbreaks of pediatric cases of CDI,
while large outbreaks of CDI in adult inpatients are
commonly reported. One difference between adult and
pediatric CDI populations is the higher prevalence of
the hypervirulent epidemic C. difficile strain NAP1/027/
BI in adult patients. This may be due to the restriction
of fluoroquinolone use in children, as this antibiotic
is a risk factor for NAP1/027/BI CDI in adults. Some
risk factors are similar for pediatric and adult CDI: age
and exposure to antibiotics. In contrast, while prior
hospitalization is an established risk factor for adult
CDI, its role in pediatric CDI is unclear, especially as
pediatric CA-CDI rates continue to increase. Adults
with CDI have a more complex risk factor profile than
pediatric CDI.
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Pediatric CDI incubation time: The mean incubation
period for pediatric CDI is 3-10 d, as shown in Table
[71,85]
3
.
Adult CDI incubation time: The mean onset of the
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Table 3 Comparison of clinical presentation for pediatric antibiotic-associated diarrhea vs adult antibiotic-associated diarrhea and
pediatric Clostridium difficile infections vs adult Clostridium difficile infections
Ped AAD
Incubation period
(mean days after
antibiotic start or C.
difficile positive)

Time of Onset
(while on antibiotics
vs delayed-onset postantibiotic)

Severity of disease
Duration
(mean ± std. dev.) or
median (range) days

2. 3 ± 1.1 d
2.4 (1-8) d
4.0 ± 4.3 d
4.9 ± 2.5 d
4.9 ± 3 d
5.3 ± 3.5 d
6.2 ± 4.2 d
85% vs 15%
92% vs 8%

2.6 ± 1.1 d
3.9 ± 2.3 d
4±3d
4.1 ± 2.1 d
5 ± 2.8 d
9±1d

Ref.

Adult AAD
[76]

Ref.

Ped CDI
[23]

Damrongmanee
Mitchell[85]
Corrêa[77]
Shan[93]
Kotowska[157]
Turck[63]
Ruszczyński[78]
Turck[63]
Corrêa[77]

3.2 ± 2 d
3.7 ± 2.6 d
7d
8 d (1-30 d)
9±1d
16 d (6-60 d)
18 d
26% vs 74%
27% vs 73%
38% vs 62%
71% vs 29%
75% vs 25%
85% vs 15%

Dietrich
Duman[158]
Hickson[81]
Lusk[36]
Yapar[80]
Pozzoni[160]
McFarland[96]
Hickson[81]
McFarland[96]
Pozzoni[160]
Can[79]
Duman[158]
Yapar[80]

Damrongmanee[76]
Destura[172]
Turck[63]
Ruszczyński[78]
Corrêa[77]
Shan[93]

Allen[159]
McFarland[96]
Pozzoni[160]
Dietrich[23]
de Souza[139]
Ouwehand[163]
Lusk[36]

Asymptomatic
carriers

NR

1-6 d
2-25 d
3 (2-5) d
4.4 ± 2.5 d
4.9 ± 2 d
5.4 ± 1.8 d
21.5 (1-72) d
NR

Mild-moderate
diarrhea

Most common

Most common

Severe disease

Rare

16%

Gogate[94]

PMC

1 case

1%

Lusk[36]

Vidrine[95]

Toxic megacolon
Fulminant disease

NR
NR

NR
NR

Recurrent disease

NR

28%

de Souza[139]

3d
10 d

Ref.
[85]

Mitchell
Pai[71]

Adult CDI

Ref.

2d
6d
10 d
12 d
13 d

McFarland[45]
Chang[86]
James[197]
Figueroa[90]
Wenisch[102]

80% vs
20%

Duleba[18]

23% vs 77%

Chang[86]

2d
2-9 d
6d
7-8 d

Denno[97]
McFarland[1]
Crews[12]
Duleba[18]

5.4 ± 1.8 d
6.6 d
13 ± 13 d
13 ± 7.4 d
26 ± 56 d

Ouwehand[163]
Wenisch[102]
McFarland[89]
Morrow[198]
Hsu[103]

26%
35%
45%
67%
23%
66%
71%
72%
87%
8%
12%
21%
27%
76%

Sandora[66]
Enoch[196]
Rousseau[53]
Delmée[49]
Pai[71]
Schwartz[176]
Na[13]
Wendt[4]
Khanna[40]
Wendt[4]
Khanna[40]
Crews[12]
Schwartz[176]
Pai[71]

0.1%
1.6%
4.9%
1 case
rare
n=4

Wendt[4]
Duleba[18]
Kim[98]
Castillo[99]
Qualman[203]
Rivlin[204]

6%
9.4%
9.7%
61%
35%
48%
59%
61%
61%
3%
3%
8%
9%
16.4%
18%
18%
34%
47%
52%
0.1%
1%

Jarvis[175]
Bruns[199]
Leekha[200]
McFarland[45]
McFarland[201]
Ramanathan[202]
Jardin[206]
Kyne[101]
Bartlett[207]
McFarland[201]
Rubin[208]
Bartlett[207]
El Feghaly[182]
Pepin[106]
Wenisch[102]
See[185]
Khanna[209]
Jardin[206]
Ramanathan[202]
Wenisch[102]
McFarland[201]

10%
11%
16.5%
17%
17%
20%
22%
24%
31%

Sandora[66]
Wendt[4]
Crews[12]
Nylund[181]
Schwartz[176]
Khanna[40]
Nicholson[205]
Kim[98]
Morinville[100]

0.1%
2%
4%
6%
18.8%
21%
22%
22%
27%
29%
29%
36%
42%

Wenisch[102]
Dallal[108]
Sailhamer[210]
van de Wilden[211]
Wenisch[102]
Vesteinsdottlir[73]
Eyre[118]
Ramanathan[202]
McFarland[121]
Wullt[122]
Khanna[17]
Drudy[212]
McFarland[89]

References are given by last name of first author and citation number in brackets. AAD: Antibiotic-associated diarrhea; CDI: Clostridium difficile infections;
NR: Not reported; PMC: Pseudomembraneous colitis.
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initial episode of adult CDI cases is 6-12 d (Table 3),
although delayed-onset (> 21 or 31 d post-discharge)
has been reported in several studies ranging from
[45,86,87]
10%-53% of CDI cases
.

The mean duration of pediatric CDI is not as well
documented in the literature, but ranges 2-9 d based
[1,12,97]
on limited reports (Table 3)
. A population-based
surveillance study of pediatric CDI cases found 87%
reported only diarrhea, 9% had severe CDI and 4%
[40]
had severe CDI with complications . Severe cases of
pediatric CDI (defined variously as having > 2 severe
indicators including fever, leukocytosis, requirement for
ICU stay or surgery) have been reported in 8%-76%
of cases (Table 3). Disease severity in pediatric CDI
may be overestimated if adult criteria are used. In two
studies reporting a high frequency of severe CDI in
children, a re-assessment found the majority had low
rates of morbidity and mortality and were successfully
[71,98]
treated with standard antibiotic therapy
. Kim et
[98]
al
defined severe pediatric CDI as having at least
one complication (PMC, CDI-related surgery, intestinal
perforation, toxic megacolon, or ICU stay) or ≥ 2
laboratory/clinical indicators (elevated white blood cell
count, or high albumin, or high creatinine, fecal blood
[71]
or fever). Pai et al
defined severe pediatric CDI if
any of the following were present: elevated white blood
cell counts, rising serum creatinine, fever or signs
of severe colitis. Hence new criteria for determining
diarrhea severity in pediatric CDI are being studied.
Infrequently, very severe forms of pediatric CDI have
been reported. A case of CDI in a four year-old boy
who had been treated with amoxicillin-clavulanic
[99]
acid developed toxic megacolon . Recurrences of
pediatric CDI are common (10%-31% recurrence
rates, as shown in Table 3), which may result in longer
[40,91,100]
hospitalizations if the child is an inpatient
. Rates
of recurrent CDI were found to be higher in children
with severe CDI (31%) compared to a lower frequency
[98]
(15%) if the child had mild-moderate CDI .

Time between recurrent episodes of CDI: The
time between adult CDI recurrences has been reported
in several studies, but there are no reports of this
time interval in pediatric CDI. In 24 adults with C.
difficile colitis, the mean time between episodes was
69.6 ± 42.2 d, ranging from 3-32 d post-vancomycin
[88]
treatment . In another study of 209 adults with
recurrent CDI, the mean time between episodes was
[89]
[90]
69.6 ± 42 d . Figueroa et al
reported the mean
time to recurrence was 12.2 ± 6.4 d. Mean time to CDI
recurrences in a mixed pediatric and adult population
(aged 1-96 years old) was 42 d, and ranged from
[91]
10-211 d .

Severity

Pediatric AAD severity: The definition of severity
of disease for diarrhea has been well documented for
adults, but is less standardized for pediatric cases.
Most clinical trials define pediatric diarrhea as one to
[19,20,21,92]
three abnormally loose stools per 24 to 48 h
.
Additionally, stool frequency is more difficult to
quantify in diaper-aged children. The reported mean
[63,76,93]
duration for pediatric AAD is 3-9 d (Table 3)
.
The severity of pediatric AAD ranges from mild, selflimited diarrhea to moderate diarrhea (Table 3). In
one study of 250 pediatric inpatients (5-12 years old)
who developed diarrhea, most (82%) were not due
to C. difficile, but 16% had severe diarrhea, 36% had
[94]
abdominal pain and 11% reported vomiting . If the
symptoms of diarrhea are severe (> 10 movements/
d), pediatric AAD may lead to electrolyte disturbances
[94]
and dehydration . Few cases of pediatric antibioticassociated colitis or pseudomembranous colitis (PMC)
have been reported. There is one case report of a 16
year old girl who developed PMC not associated with C.
[95]
difficile .

Adult CDI severity: Mild to moderate diarrhea is
seen in 35%-61% of adult CDI cases, while severe
disease occurs less frequently (3%-41%), as shown in
Table 3. In one study of 73 adult CDI cases, 18 (25%)
had mild, self-limiting disease, 26 (36%) developed
moderate diarrhea, 23 (31%) developed prolonged
[101]
diarrhea and 6 (8%) developed complicated CDI
.
The reported mean duration of adult CDI ranges
[89,102,103]
from 5-26 d (Table 3)
. Adults with severe
CDI report abdominal pain and fever in addition to
[104]
diarrheal symptoms
. Attributable mortality is
significantly higher in adult patients with severe CDI
compared to mild-moderate CDI (60% vs 28%, p
[105]
= 0.046, respectively)
. A hypervirulent strain
of C. difficile (NAP1/027/BI) was the predominant
strain associated with outbreaks of CDI cases in 88
hospitals in Quebec Canada in 2003-2004 which were
associated with twice the rate of severe CDI cases with
[106]
higher mortality rates
. More recent surveillance

Adult AAD severity: Frequency of diarrhea, colitis
and PMC associated with adult cases of AAD (not due
to C. difficile) are infrequently reported. The mean
duration of adult AAD is 1-22 d (Table 3). From one
study, the mean duration adult AAD was four days
while on antibiotics, but the mean duration was longer
[96]
(18 d) if the cases were delayed-onset AAD .
Pediatric CDI severity: The range of symptoms
for pediatric CDI is wide: children can develop mildmoderate diarrhea or severe disease or recurrent
episodes of CDI (Table 3). Most symptoms of pediatric
[13,40]
CDI are mild-moderate diarrhea (23%-87%)
.
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studies for endemic cases across 10 United States
states also found a significantly elevated risk of severe
[107]
CDI with the NAP1/027/BI strain
. Fortunately, the
most severe forms of CDI (pseudomembranous colitis,
toxic megacolon or fulminant disease) are infrequently
reported (1%-6%). Fulminant CDI is a systemic
inflammatory syndrome that occurs infrequently,
but typically requires colectomy and often results in
[108]
death . Although diarrhea is the hallmark of CDI, it
may be absent in fulminant CDI, secondary to severe
colonic dysmotility making fulminant colitis difficult to
[109,110]
diagnose
.
Recurrent CDI may occur in 19%-42% of adults
after their initial episode of CDI has resolved, as shown
in Table 3. As many as 10%-30% recur once after an
initial CDI episode, 40% have two recurrences and
50% of those continue to have multiple recurrences,
[111]
which may occur over a period of several years
.
The CDC estimates in the United States during 2011,
483120 had initial CDI episodes and an estimated
77000-232000 would have recurred, providing a
conservative national estimate of 715000 cases of total
[9]
CDI/year .

CONSEQUENCES OF INFECTION
Pediatric AAD consequences

The consequences of pediatric AAD for inpatients
may include increased length of hospitalization
and, for outpatients, parents may discontinue the
inciting antibiotics due to the diarrhea, without fully
[76]
treating the child for the inciting infection . Other
consequences of pediatric AAD have rarely been
reported (Table 4).

Adult AAD consequences

Prolonged length of stay and higher mortality rates
[37,112]
have been reported for adult AAD cases
. Several
studies have estimated that the cost of healthcare
associated with adult AAD ranges from $1400-$1968/
[113,114]
person
. As with pediatric cases, development
of AAD may also lead to premature discontinuation of
[37]
antibiotic therapy, resulting in low cure rates .

Pediatric CDI consequences

Consequences of pediatric CDI may include increased
length-of-stays for inpatients, increased mortality,
rates of surgery (colectomies), higher healthcare
costs, and re-admissions to healthcare systems, as
shown in Table 4. Crude mortality rates (1%-5%)
and CDI attributable mortality rates (2%-3%) are
also low. Caution should be used when comparing
mortality rates, as the observation periods vary from
[44,69]
[71,115]
just during hospitalization stays
, to 2-3 mo
[12]
[14,100]
to 6 mo , or were not reported
. Even though
the proportion of severe CDI can be higher in children,
the requirement for colectomy is low (approximately
1%) in mild-moderate CDI. However, the rate can be
higher in cases of severe CDI. In one study of 151
children with severe CDI, 8.6% required colectomies
[116]
with a 50% associated mortality rate
. The median
cost for healthcare for pediatric CDI is not trivial
($19000-$32000/child). As an increase in incidence
rates of pediatric CDI was observed from 1997-2006,
there were also increases seen for costs for healthcare
(averaging $20000/case) and an increased risk of
[14]
colectomies . In a survey of CDI in 22 Children’s
hospitals in United States from 2004-2006, 26% of
the 4895 inpatient CDI cases were children < 1 year
old and 1.2% required colectomies. The all-cause 60-d
mortality rate among pediatric patients was reported to
[115]
be 4% in a study of 22 pediatric hospitals surveyed .
Costs for healthcare associated with pediatric CDI are
generally > $20000 United States dollars. Additional
increases in length of hospitalizations are also
observed for pediatric CDI cases (Table 4) ranging
from 4-23 additional days, which may explain the
higher healthcare costs associated with this disease.

Comparison of clinical presentations of pediatric
and adult AAD: The onset of pediatric AAD appears
to be slightly quicker than adult cases of AAD and
most pediatric AAD cases become symptomatic
while the child is on antibiotics. In contrast, more
cases of delayed-onset adult AAD cases are reported.
However, whether this is a valid observation or due
to the infrequent follow-up of children with antibiotic
exposure is unknown. Most AAD cases are mildmoderate both in pediatric and adults. Pediatric cases
of AAD and CDI typically have a shorter duration than
adult cases of AAD and CDI.
Comparison of the clinical presentation for
pediatric vs adult CDI: The onset of CDI is fairly
rapid for pediatric cases (3-10 d), while symptoms
appear slightly later in adult CDI (2-15 d) and
recurrences of adult CDI may appear within two
months of the previous episode. Pediatric and adult
cases of CDI are both typically mild-moderate disease
and the frequency of severe disease is similar for
pediatric and adult cases, despite the finding that
the hypervirulent strain of BI/NAP1/027, which is
associated with severe CDI, is rarely found in children.
However, severe complications of CDI, especially
fulminant CDI and PMC, are more common in adults
and are rarely seen in pediatric CDI. Recurrent CDI is
slightly more common in adults (averaging 25%) than
for pediatric CDI (averaging 20%).
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Table 4 Comparison of consequences of pediatric antibiotic-associated diarrhea vs adult antibiotic-associated diarrhea and pediatric

Clostridium difficile infections vs adult Clostridium difficile infections
Pediatric AAD

Ref.

Adult AAD

Ref.

Pediatric CDI

Premature stop
of antibiotic
therapy
Dehydration
Attributable
mortality

Yes

Damrongmanee[76]

4%

Elseviers[37]

NR

Ref.

NR
NR

17%
NR

Elseviers[37]

75%
2%
2.2%
3%

Duleba[18]
Despandi[169]
Sammons[44]
de Blank[69]

Crude mortality

NR

3.6%

Selinger[112]

Colectomy

NR

NR

1%
2%
3.8%
4.6%
5%
5.4%
0.1%
0.9%
0.9%
1%
1.2%

Morinville[100]
Nylund[14]
Kim[115]
Crews[12]
de Blank[69]
Pai[71]
Wendt[4]
Despandi[169]
Nylund[14]
Pai[71]
Kim[115]

Cost
($/patient)

NR

$1400
$1968

Song[113]
Kamdeu[215]

$18900-$93000
$28404
$31957

Sammons[44]
Despande[169]
Nylund[14]

Length of stay
(days additional
stay)

NR

8.5 d

Elseviers[37]

4d
4d
6d
23d

Despande[169]
Nylund[14]
Sammons[44]
de Blank[69]

Re-admissions

NR

8%

Pozzoni[160]

NR

Adult CDI

Ref.

NR

NR
5.7%
5.7%
4.5%
6.3%
6.9%
15%
17%
10%
16.5%
28%
35%
38%

Dubberke[213]
Gravel[119]
Tabak[117]
Vesteinsdottir[73]
Loo[57]
McFarland[121]
Pépin[58]
Tabak[117]
Wenisch[102]
Bacci[120]
Eyre[118]
Dubberke[213]

0.3%
0.7%
1.2%
2%
6.2%
9.1%
$3103
$3427-$33055
$3427-99601
$7179
$116312
$113533
$23643
3d
4d
6d
10 d
13 d
14 d
16 d
24 d
21%
39%
52%

See[107]
Halabi[214]
Dallal[108]
McFarland[121]
Muto[59]
Jarvis[175]
McFarland[89]
Kwon[10]
Dubberke[216]
Dubberke[217]
Dubberke[216]
Lawrence[124]
Tabak[117]
Lawrence[124]
Dubberke[217]
Vesteinsdottir[73]
Abdelsattar[218]
Tabak[117]
Crabtree[184]
Zerey[193]
McFarland[121]
McFarland[121]
Abdelsattar[218]
Dubberke[213]

1

For initial CDI episodes only; 2For recurrent CDI episodes only; 3In intensive care unit. References are given by last name of first author and citation
number in brackets. AAD: antibiotic-associated diarrhea; CDI: Clostridium difficile infections; LOS: length of stay; NR: not reported.

Adult CDI consequences

of surgery is of clinical concern. A meta-analysis of 31
studies of adults with CDI found overall, 1.1% needed
a colectomy, but the rate increased to 30% if it was a
severe case of CDI and post-colectomy mortality was
[123]
exceedingly high (41%)
. Colectomy rates range
from 0.3%-1.3% of CDI cases during outbreaks and
[10]
1.9%-6.2% during endemic periods . The healthcare
costs of adult CDI ranges from $3427-$9960 for
initial episodes of CDI and costs may reach as high
[9,124]
as $33000 for recurrent cases
. The cost of adult
CDI care was determined from 2012 HCUP data and
ranged from $3427 to $33055/patient, depending if
it is an initial or recurrent CDI case and the total CDI

As with pediatric CDI, the consequences of adult CDI
may also include increased mortality, higher rates of
surgery (colectomies), higher healthcare costs, longer
length-of-stays for inpatients and re-admissions to
healthcare systems (Table 4). Reported crude mortality
rates can be high (10%-38%), and CDI attributable
mortality ranged from 6%-17%. As with pediatric
studies, the follow-up for mortality ranges from only
[117,118]
[57,58,102,119,120]
during hospitalization
, to 30 d
, to
[121]
[73]
[122]
60 d
, to 90 d , or to 6 mo
. Adult CDI was
sufficiently severe to require colectomy in only 1%-9%
of patients, but the mortality associated with this type
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Table 5 Comparison of prevention and treatment strategies for pediatric antibiotic-associated diarrhea vs adult antibiotic-associated
diarrhea and pediatric Clostridium difficile infections vs adult Clostridium difficile infections
Pediatric AAD
Prevention
Enhanced
infection control
programs (% CDI
reduced)
Antibiotic
stewardship
(% CDI reduced)
Probiotics

Oral rehydration
therapy (% cured)
Metronidazole
(% cured)

Adult AAD

Ref.

Pediatric CDI

Ref.

Adult CDI

Ref.

NR

NR

NR

67%

You[219]

NR

NR

NR

46%

Wenisch[102]

66%
La+Lc+Lr
(pRR = 0.21)
La+Lc+Lr
(pRR = 0.21)

Kallen[220]
Johnson[137]

S. boulardii
(pRR = 0.43)
L. rhamnosus
GG
(pRR = 0.36)
S. boulardii
(pRR = 0.43)
L. rhamnosus
GG (pRR =
0.48)

Treatment
Initial episode1
No treatment
given or stop
inciting antibiotic
(% done)

Ref.

McFarland[19]
McFarland[19]

Szajewska[132]

Szajewska[132]

NR

21%

S. boulardii
(pRR = 0.47)
S. boulardii
(pRR = 0.49)

McFarland[131]

La+Lc+Lr (pRR
= 0.51)

Hempel[129]

NR

17%

Elseviers[37]

Szajewska[132]

Elseviers[37]

NR

0%
4%
20%
53%
69%
NR

Khanna[40]
Kim[98]
Duleba[18]
Pai[71]
Gogate[94]

31%
69%
82%
90
93%
97%
83%
85%
100%

Gogat[94]
Morinville[100]
Khanna[40]
Pai[71]
Kim[98]
Duleba[18]
Duleba[18]
Jardin[206]
Khanna[40]

Vancomycin
(% cured)

NR

NR

Severe disease
(% cured)
Probiotics
(% cured)
Monoclonal
antibodies
(% cured)
Recurrent disease1
Metronidazole
(% no further
recurrences)

NR

NR

NR
NR

S. boulardii
(70%)
NR

NR

NR

NR

Vancomycin
(% no further
recurrences)

NR

NR

NR

Fidaxomycin

NR

NR

NR

WJG|www.wjgnet.com

McFarland[138]

L. rhamnosus GG Szajewska[132]
(no)

4%

Shan[93]

Szajewska[132]

S. boulardii
(pRR = 0.25)
S. boulardii
(pRR = 0.25)

NR
Ligny[140]

NR
NR

3092

McFarland[138]

L. casei
DN114001
(pRR = 0.08)
S. boulardii
(no)

McFarland[138]

10%

Vensteinsdottir[73]

24%
53%

McFarland[121]
Huang[65]

Szajewska[132]

NR
75%

Vesteindottlir[73]

84%
86%
94%

Zar[145]
Kim[221]
Wenisch[222]

91%
94%
94%
97%
100%
97% vanco vs
76% metro
S. boulardii
(19%, ns)
93%
(P = 0.07)

Kim[221]
Cornely[141]
Wenisch[222]
Zar[145]
Vesteindottlir[73]
Zar[145]

33%
50%
58%
80%
46% (10 d)
55%
69% (taper)
86% (pulse)
100%
86%

Wullt[223]
Surawicz[142]
McFarland[143]
Vesteindottlir[73]
McFarland[143]
Surawicz[142]
McFarland[143]
McFarland[143]
Vesteindottlir[73]
Cornely[147]

McFarland[111]
Lowy[146]
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(% no further
recurrences)
Probiotics

NR

NR

NR

(% no further
recurrences)

Fecal replacement
therapy
(% no further
recurrences)

NR

NR

NR

S. boulardii
(65%)
S. boulardii
with high
dose vanco
(83%)
81%

McFarland[111]

90%

Cammatora[225]

Surawicz[142]

van Nood[224]

1

studies not reporting cure rates by initial or recurrent CDI cases were excluded. References are given by last name of first author and citation number
in brackets. AAD: antibiotic-associated diarrhea; CDI: Clostridium difficile infections; L.: Lactobacillus; La: L. acidophilus CL1285; Lc: L. casei LBC80R; Lr: L.
rhamnosus CLR2; NR: not reported; pRR: pooled relative risk from meta-analysis; S.: Saccharomyces.

costs for United States during 2012 ranged from $1-$6
[10]
billion dollars . For cases of adult HCFA-CDI cases,
hospitalization was typically prolonged from 3-24 d
(Table 4). For adults with CDI, the likelihood of being
re-admitted to a healthcare facility is high (21%-52%),
especially for patients with recurrent CDI.

strains have evidence-based efficacy for preventing
[126,127]
pediatric AAD
. A meta-analysis of 22 randomized
controlled trials testing various probiotics for the
prevention of pediatric AAD found only two types of
probiotics were significantly effective for pediatric
AAD: a yeast, Saccharomyces boulardii CNCM I-745
(S. boulardii) (pooled RR = 0.43, 95%CI: 0.32-0.60)
and a bacterial probiotic, Lactobacillus rhamnosus
[19]
GG (pooled RR = 0.36, 95%CI: 0.19-0.69) . Other
meta-analyses (Table 5) have confirmed this finding.

Comparison of pediatric and adult consequences for
AAD or CDI

A consequence of pediatric CDI may include de
hydration, especially for younger children, unlike
adults. Pediatric cases of CDI have lower mortality
rates and less frequent rates of colectomies. However,
for both pediatric and adult CDI, if symptoms are
sufficiently severe to require colectomy, there are high
mortality rates associated with this type of surgery.
For inpatients, development of CDI is associated with
longer lengths-of-stay and its associated increased
cost of care.

Prevention of adult AAD

Of 20 different probiotic types tested for the
prevention of adult AAD, only a few have solid
[128]
evidence for efficacy (Table 5). Videlock et al
pooled the results from 24 randomized controlled
trials in adults and found in general, probiotics were
effective in preventing AAD (pooled RR = 0.53,
95%CI: 0.43-0.66), but they did not report which
strain(s) were independently protective. Many metaanalyses have reported combined data from a mixed
population of adults and children or mixed types of
[129,130]
probiotic strains
. One method to determine
which probiotic strain is more effective is to only use
data from one type of probiotic, or use sensitivity
analysis to assess the effectiveness, grouping trials
by the same strain of probiotic. A meta-analysis of 10
randomized controlled trials using only S. boulardii
for the prevention of adult AAD found significant
efficacy for this probiotic (pooled RR = 0.47, 95%CI:
[131]
0.35-0.63) . Another meta-analysis pooled 15 trials
and confirmed S. boulardii is effective for preventing
[132]
[129]
adult AAD
. Hempel et al
conducted a metaanalysis of probiotics for AAD, but pooled 62 trials (32
different types of probiotics) that were a mixture of
adult and pediatric populations and also mixed strains
within some probiotic sub-groups. Their “Lactobacillus”
subgroup contained many different strains of
Lactobacilli, but extracting three trials in adult patients
and limiting the pooled results to one type of probiotic

PREVENTION
Prevention of pediatric AAD

Prevention of AAD has traditionally relied on appro
priate use of antibiotics, for instance, limiting the use
of broad-spectrum antibiotics whenever possible.
However, studies documenting the impact of these
practices on pediatric AAD are lacking (Table 5). AAD
results from the disruption of the normal, protective
microbes in the intestine caused by unintended killing
of non-pathogenic organisms by the antibiotics.
Probiotics (living microbes, which when given at a
sufficient dose, having a proven health benefit on the
host) may be given at the same time as the antibiotics
to prevent the development of AAD by helping to
[125]
stabilize the normal microbiome
. Caution should
be exercised to not give a bacterial strain of probiotic
that is susceptible to the prescribed antibiotic. This is
not of concern if the probiotic is a yeast strain. Of 17
different types of probiotics tested for AAD, only a few
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mixture (L. casei and L. acidophilus and L. rhamnosus,
“BioK+”), the pooled RR (pRR = 0.51, 95%CI:
0.30-0.87) shows this mixture is significantly effective
in preventing adult AAD, while other Lactobacilli
[35]
probiotics were not effective. Xie et al
reviewed six
trials for the prevention of AAD in elderly adults. Only
one type of probiotic (B. licheniformis) in one trial was
found to be effective, although the amount of evidence
in the elderly population is extremely limited. Another
meta-analysis pooled the data from six trials in adults
randomized to either L. rhamnosus GG or placebo and
did not find that this probiotic was effective to prevent
[133]
adult AAD
. Although the data for the prevention
of adult AAD by probiotics is extensive, the challenge
is having sufficient numbers of clinical trials for each
type of probiotic strain to allow a valid conclusion to be
formulated.

inappropriate antibiotic use was documented in the
1990-2000’s in hospitalized patients and outpatients,
and while antibiotic stewardship programs reduced this
rate, one recent study still found 74% of antibiotics
given to 126 inpatients with CDI were inappropriately
[136]
prescribed . There have been many studies showing
the use of a multi-disciplinary infection program
resulted in a decrease of adult CDI cases. One
important foundation of these programs is the use of
antibiotic stewardship oversight, which has been shown
to reduce CDI rates in adult inpatients from 46%-66%
(Table 5). Probiotics have also been tested to assess if
they can be effective for preventing adult cases of CDI.
A meta-analysis of 11 randomized controlled trials for
the prevention of CDI tested five different types of
probiotics and found only one mixture of probiotics (L.
casei, L. acidophilus and L. rhamnosus, “BioK+”) had a
significant preventive effect (pooled from three trials,
RR = 0.21, 95%CI: 0.11-0.42), while the pooled data
from four trials using S. boulardii was not effective (RR
[137]
= 0.70, 95%CI: 0.29-1.69)
. The other four trials
did not have confirmatory trials and were excluded.
A more recent meta-analysis of 21 randomized trials
testing probiotics for CDI found four types of probiotics
were significantly effective for preventing CDI, but
when pediatric trials were excluded, only two probiotic
types were effective in adults: L. casei DN114001
“Actimel” [pooled from two trials (RR = 0.08, 95%CI:
0.01-0.63) and a mixture of L. acidophilus and L.
casei and L. rhamnosus “BioK+” (pooled from three
trials with four treatment arms, RR = 0.21, 95%CI:
[138]
0.08-0.58) .

Prevention of pediatric CDI

The prevention of CDI is typically targeted at a
common source of infection (healthcare facilities) and
relies upon a multi-pronged approach of infection
control programs, antibiotic stewardship and measures
to support the host’s defenses. However, since
HCFA pediatric CDI is not common, prevention of
community-based CDI needs to rely on rational use
of antibiotics and the use of probiotics. There are no
studies of HCFA infection control programs in pediatric
hospitals. The use of probiotics has been investigated
in the pediatric population at risk. In one study of 283
children receiving antibiotics for respiratory infections,
only 0.7% randomized to S. boulardii CNCM I-745
developed CDI compared to 5.6% of those given
[93]
placebo, p = 0.04 . A meta-analysis of probiotics for
the prevention of CDI was done, pooling the results
of three pediatric trials and found probiotics reduced
the incidence of pediatric CDI by 60% (pooled RR =
[134]
0.40, 95%CI: 0.17-0.96)
. However, this analysis
was limited by the small numbers of trials done
per probiotic strain in pediatric patients. Another
meta-analysis and systematic review of probiotics
for pediatric CDI was also limited by the scarcity of
controlled trials in this population. Although the pooled
data from five randomized controlled trials showed
probiotics, in general, were protective of pediatric CDI
(pooled RR = 0.35, 95%CI: 0.13-0.92), four types of
probiotics had no second, confirmatory trial, and only S.
boulardii showed efficacy using data pooled from two
[19]
trials (Table 5) .

Comparison between prevention strategies for pediatric
vs adult AAD and CDI

Prevention of pediatric and adult AAD may rely on
rational use of antibiotics, but there have been no
studies testing this intervention in pediatric or adult
patients. There are studies of preventive strategies
for adult CDI that include improved infection control
programs focused on limiting C. difficile transmission
at healthcare facilities, in addition to antibiotic
stewardship programs to limit unnecessary or
inappropriate antibiotic use. The data is supportive for
the use of these programs to prevent adult CDI, but
studies are lacking for pediatric populations. The use
of preventive probiotics is supported by studies and
children and adults seem to respond differently to the
type of probiotic strain depending upon the outcome
to be prevented. To prevent AAD, children responded
better to S. boulardii or L. rhamnosus GG, while adults
responded better to S. boulardii or the multi-strain mix
of three Lactobacilli called “BioK+”. To prevent CDI,
S. boulardii was effective in pediatric patients, while
BioK+ or L. casei DN114001 worked well in preventing

Prevention of adult CDI

Current guidelines recommend a bundled program of
surveillance, contact precautions, CDI patient isolation,
hand hygiene, use of disposable equipment when
[2,135]
possible and environmental disinfection
. Rampant
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adult CDI cases.

from 83%-100%). No studies on treatments have
included children with recurrent CDI disease.

TREATMENT

Treatment for adult CDI

Treatment for pediatric AAD

Treatment for the initial episode of adult CDI typically
relies upon one of three antibiotics, while treatment of
recurrent CDI may require adjunctive use of probiotics
or immune stimulators. Once CDI has been diagnosed
in adults, treatment with antibiotics directed against C.
difficile is recommended (metronidazole or vancomycin
[2,28,141]
or fidaxomicin)
. For mild to moderate CDI or
for initial episodes of CDI, the recommended dose of
metronidazole is 500 mg, three times daily and for
vancomycin the dose is 125 mg four times daily, but
if there is no response or if the CDI is severe, higher
[2,142,143]
doses of vancomycin can be used (up to 2 g/d)
.
Failure to respond to the antibiotic used within 5-7
d should prompt the switch to the other type of
antibiotic. A meta-analysis of 15 treatment trials for
adult CDI found vancomycin has a higher cure rate
(mean 88% ± 9.1%) compared to metronidazole (76%
± 11.3%) and a lower rate of CDI recurrences (13%
[144]
± 9.9% and 31% ± 44%, respectively) . For severe
cases of adult CDI, treatment with vancomycin has
been found to be more effective than metronidazole
[145]
(97% cured vs 76% cured, respectively)
.
Treatment recommendations vary according to
whether the CDI episode is an initial episode, or if the
patient has recurrent CDI disease and Table 5 presents
the effectiveness of various treatments for studies that
provide data separately for initial vs recurrent CDI
disease. Vancomycin has slightly higher cure rates
(91%-100%) for adults with initial CDI compared to
metronidazole (75%-94%). Fidaxomicin was found to
be equivalent to vancomycin for the initial episode of
[141]
CDI in adult patients . One study using monoclonal
antibodies against C. difficile showed a trend (p = 0.07)
for better cure rates (93%) compared to placebo (82%)
[146]
for the initial episode of CDI .
From 20%-60% of adults treated with antibiotics
have at least one recurrence of CDI, and many
suffer from repeated recurrences that may occur
[143]
over a period of years
. Effective treatments for
adult recurrent disease have included vancomycin
(55%-100% cured), while metronidazole seems to
be less effective (50%-80% cured). Fidaxomicin was
shown to successfully treat recurrent CDI, when it
reduced the recurrence rate to 14% compared to
[147]
26% in vancomycin . The first recurrence should be
treated with a repeated 10-d course of vancomycin,
while the subsequent recurrences are recommended
to be treated with pulsed or tapered vancomycin
[2]
regimes or use an adjunctive probiotic . In one study
of 163 adults with recurrent CDI, higher cure rates

Current treatment for pediatric AAD usually involves
discontinuation or changing the type of the inciting
antibiotic and giving oral rehydration therapy. As the
etiology is typically only known for a proportion of
the cases (approximately 1/3 is due to C. difficile),
effective antibiotic treatment for AAD is limited. If the
diarrhea is moderate-severe, oral rehydration therapy
[93]
may be sufficient to assist spontaneous recovery .

Treatment for adult AAD

Current treatment for adult cases of AAD usually
involves discontinuation or changing the type of
the inciting antibiotic (Table 5). In one study of 743
hospitalized adult patients in four Belgian hospitals
who were given antibiotics, AAD developed in
71 (9.6%), with only four patients positive for C.
difficile. Of the 71, only 46 (65%) were treated for
AAD: IV hydration (24%), patient isolation (22%),
probiotics (20%), antidiarrheal medications (20%),
metronidazole (6%), discontinuation of the inciting
[37]
antibiotic (6%), or other antibiotics (2%) . Very few
randomized controlled trials have been done to treat
adult cases of AAD, including those assessing the
use of probiotics. One trial compared a mixture of L.
casei and Bifidobacterium breve with placebo in 70
adults with AAD and found no significant difference in
[139]
the duration of AAD (4.9 d vs 4.5 d, respectively) .
Another study randomized 20 adults with mild AAD to
either S. boulardii or placebo and found significantly
more were cured with S. boulardii (70% vs 10%, p <
[140]
0.01, respectively) . No other trials for the treatment
of adult AAD have been reported.

Treatment for pediatric CDI

Discontinuation or changing the type of the inciting
antibiotic is still recommended as the first step for
treating mild pediatric CDI, along with oral rehydration
[71]
therapy if the diarrhea is severe . For children with
moderate CDI, empirical antibiotic treatment directed
against C. difficile is recommended. The first choice
of treatment is oral metronidazole (20-40 mg/kg per
day), followed by oral vancomycin (40 mg/kg per
day) given orally or by enema if they do not respond
[1]
to metronidazole . In one study of 4895 inpatient
pediatric CDI cases, 74% responded to metronidazole
[115]
or vancomycin treatment
. Most studies have
enrolled children with their first episode of CDI (Table 5)
and show effective cure rates with either metronidazole
(ranging from 31%-97%) or vancomycin (ranging
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were noted for treatment with vancomycin pulse (86%)
or vancomycin taper (69%) compared to a single 10-d
[143]
vancomycin (46%) or metronidazole (58%) regime .
By the end of therapy, vancomycin was more effective
at clearing C. difficile culture and/or toxins (89%)
than metronidazole (59%, p < 0.001). The evidence
for probiotics to treat adult CDI is limited by the
small number of randomized controlled trials for each
probiotic strain. One type of probiotic, S. boulardii, has
two trials which provide evidence that this probiotic
may be effective for preventing recurrences of CDI in
adults, especially if combined with high dose (2 g/d)
[131,148]
vancomycin
. Fecal microbial transplants (FMT)
have been tested to treat adults with recurrent CDI
and this method uses stool infusions from healthy
[149]
donors containing a mixture of microbes
. Two
controlled trials found significantly higher cure rates
for those patients receiving FMT (81% and 90%)
compared to the control patients (Table 5). Many other
investigational treatments are being tested for adult
CDI, including passive immunization using monoclonal
antibodies and vaccines to C. difficile toxins, but the
[150]
evidence is not yet conclusive .

symptoms that appear after the antibiotics have been
discontinued and before the normal colonic microbiome
has recovered. Pediatric CDI cases have lower mor
tality rates and fewer complications than adult CDI
cases. Community acquired cases of CDI are more
common in children, while most cases of adult CDI are
associated with healthcare facilities. Adult CDI has a
more diverse risk factor profile (more co-morbidities,
types of hospital exposures, disruptive medications,
etc.) than pediatric CDI, but both populations share
increased risk for antibiotic exposure as a major risk
factor. Pediatric CDI responds better to metronidazole,
while adult CDI cases favor vancomycin. Recurrent CDI
is reported more frequently in adults and treatment
relies on a combination of antibiotic therapy and
measures to restore the normal colonic microbiota
including the use of probiotics or FMT.

Gaps in the knowledge base

By reviewing the literature, it became apparent there
are several gaps in our knowledge about AAD and CDI.
While national and global surveillance programs have
been started for CDI to document incidence and trends
over time, these programs have not been established
for AAD. Basic demographic information (age, gender
and race) and the spectrum of disease severity are
infrequently reported for pediatric and adult cases of
AAD. In addition, as the character of the intestinal
microbiome shifts widely during the early childhood
periods (neonatal, infant, pre-school, school-age, etc.)
as children change nutritional status (bottle-fed, solid
food, etc.) and are exposed to different environments
(day-care, schools, etc.), a finer delineation of AAD and
CDI disease data by age categories might illuminate
how children respond to these diseases as these other
types of life-factors change. Broadly pooling data by
a ‘pediatric’ classification may be masking some agerelated responses. Sources of non-CDI associated
AAD are difficult to determine due to the lack of
documentation for specific etiologies. The lack of
reported complications of pediatric and adult AAD may
be due to either a true lack of disease progression, or
due to the lack of adequate follow-up times for studies
involving AAD. The lack of reported treatment studies
for AAD and pediatric CDI requires further studies. It
also would be interesting to determine if pediatric CDI
is a risk factor when these children grow into adults.

Comparison between treatments for pediatric vs adult
AAD and CDI

The paucity of studies evaluating treatments for
pediatric and adult AAD limits any conclusions, except
to discontinue or switch the inciting antibiotic and use
of oral rehydration therapy to prevent dehydration
in children. To treat the initial episode of CDI, dis
continuing the inciting antibiotic is more commonly
seen in the pediatric patient compared to adults.
Pediatric patients with initial CDI appear to respond
slightly better to metronidazole, while adults respond
slightly better to vancomycin. The choice should be
balanced against the side-effects and toxicities of
each antibiotic. For recurrent disease, the only studies
that provided separate cure rates for metronidazole,
vancomycin or fidaxomicin were in adult patients
with recurrent CDI. Treatment with high doses of
vancomycin, use of pulsed or tapered regimes of
vancomycin, fidaxomicin or adjunctive use of some
probiotic strains or FMT may be beneficial for adults
with recurrent disease, but whether these treatments
are effective in children with recurrent CDI has not
been established.
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REVIEW

Multidisciplinary management of nonfunctional
neuroendocrine tumor of the pancreas
Ian W Folkert, Paul Hernandez, Robert E Roses
patients with NF-PNETs have metastatic disease
at the time of presentation. A variety of treatment
modalities exist, including medical, liver directed, and
surgical treatments. Aggressive surgical management
is associated with prolonged survival, however
available data are limited by selection bias and the
frequent combination of PNETs with carcinoid tumors.
Although few patients with metastatic disease will be
cured, application of currently available therapies in a
multidisciplinary setting can lead to excellent outcomes
with prolonged patient survival.
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Core tip: Treatment options for patients with neuro
endocrine tumors of the pancreas have increased
in recent years. Surgical management remains an
important component of treatment and is associated
with prolonged survival, however high level data
supporting specific treatment approaches are limited.
Although few patients with metastatic disease will
be cured, application of available therapies in a
multidisciplinary setting can lead to excellent outcomes
with prolonged patient survival.
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Abstract
Pancreatic neuroendocrine tumors (PNETs) are a
rare and diverse group of tumors; nonfunctional
(NF) PNETs account for the majority of cases. Most
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INTRODUCTION
Pancreatic neuroendocrine tumors (PNETs) are
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rare neoplasms accounting for 1% to 2% of all
[1,2]
pancreatic tumors
. PNETs are thought to arise
from pluripotent cells in the pancreatic ductal/acinar
system rather than from islet cells as the previously
[3]
favored terminology, islet cell tumors suggested . The
unique ability of pancreatic neuroendocrine tumors to
synthesize and secrete hormones and neuropeptides
results in a variety of clinical syndromes of hormone
hypersecretion. Zollinger-Ellison syndrome resulting
from excess gastrin production and hyperinsulinemia
[4]
are the most common of these . However, so-called
functional pancreatic neuroendocrine tumors account
for a minority of PNETs. Tumors not associated
with overt clinical symptoms of hypersecretion,
nonfunctional pancreatic neuroendocrine tumors (NF[1,2,5-9]
PNETs), account for 60% to 90% of PNETs
.
NF-PNETs are biologically diverse and tumor grade
[10,11]
is a dominant predictor of outcome
. While the
majority of PNETs occur sporadically, they may
also be associated with various inherited disorders
including MEN 1, Von Hippel-Lindau syndrome,
[4]
neurofibromatosis 1, and tuberous sclerosis . While
PNETs associated with familial syndromes are typically
considered more indolent than sporadic tumors,
patients with familial syndromes are at higher risk for
multifocal tumors ranging from multiple pancreatic
[4]
microadenomas to large, malignant tumors .
Despite a high rate of hepatic metastases at
diagnosis, NF-PNETs are associated with a more
favorable prognosis compared to many other gastro
intestinal malignancies. Overall, 5-year survival varies
[1,2]
from 27% to 33% in large series . However, several
groups have reported that aggressive management
is associated with more favorable outcomes, even
in patients with liver metastases. A recent SEER
database review of over two thousand patients with
NF-PNETs by Franko and colleagues demonstrated
that median survival was 4.8 years when patients
with metastatic disease underwent aggressive surgical
management, compared to 1 year in patients who
[1]
did not undergo resection . Unfortunately, fewer
than half of all patients with metastatic NF-PNETs are
candidates for resection of their primary tumors or
[1]
liver metastases . Furthermore, in patients who do
undergo aggressive surgical management, recurrence
is frequent. Improved survival in such patients
suggests a role for surgical debulking in selected cases,
but there is limited high-level evidence supporting
such an approach. Moreover, many larger studies of
NETs combine data from patients with neuroendocrine
tumors from pancreatic and non-pancreatic primary
sites, complicating interpretation. The recent intro
duction of more effective systemic agents, growing
experience with liver directed therapies, and the
absence of high quality comparative data further cloud
efforts to establish a consensus approach.
This review aims to address controversies in the
treatment of metastatic NF-PNETs with a critical
assessment of the existing literature. A two-part case
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report from our institution is presented as a means of
framing this discussion.

CASE REPORT (PART 1)
A 55 year-old, previously healthy female presented to
her primary care physician complaining of intermittent
epigastric pain. Right upper quadrant ultrasound
demonstrated liver tumors. A follow-up contrast
computed tomography (CT) scan revealed multiple
enhancing lesions in both the right and left lobes of her
liver, the largest lesion in segment 2 measuring 3 cm ×
5 cm. Focal thickening in the mid-body of the pancreas
with associated dilation of the distal pancreatic duct
and atrophy of the pancreatic tail was also noted.
Laboratory studies revealed mildly elevated
transaminases with a normal serum bilirubin. Serum
chromogranin A and fasting pancreatic polypeptide
levels were significantly elevated at 110 ng/mL and 837
pg/mL respectively, and serum serotonin levels were
measured at the upper limits of normal. CT guided core
biopsy of a representative hepatic lesion demonstrated
pathology consistent with a well-differentiated
neuroendocrine tumor. Octreotide scintigraphy
demonstrated uptake in the previously mentioned
lesions without any evidence of other metastases.
Apart from intermittent abdominal pain, the patient
was asymptomatic. She denied flushing or diarrhea,
history of peptic ulcer disease or hyper-/hypoglycemia.
On initial surgical consultation, the hepatic lesions
were deemed unresectable given their distribution
throughout all segments of the liver (Figure 1).

QUESTION 1: WHEN IS SYSTEMIC
THERAPY INDICATED?
Somatostatin analogs

Somatostatin is a 14-amino acid regulatory peptide.
Somatostatin and its long-acting analogs octreotide
and lanreotide act to down-regulate neurotransmission,
hormone secretion, and cell proliferation in the myriad
cells bearing the G-protein coupled somatostatin
[12]
receptor, including pancreatic neuroendocrine cells .
Somatostatin and its analogs effectively decrease
hormone secretion from metastatic carcinoid tumors
and functional PNETs, especially glucagonomas and
[13,14]
VIPomas, often leading to improved quality of life
.
Until recently, the benefit of somatostatin analogs in
the treatment of metastatic NF-PNETs was less clear.
The anti-proliferative role of somatostatin in normal
physiology led to speculation that somatostatin analog
therapy might improve progression-free survival
and overall survival in patients with NF-PNETs. Of
the studies investigating the anti-tumor effects of
somatostatin analogs, only two, the PROMID and
the CLARINET trials, were randomized and placebo
[15,16]
controlled
.
The PROMID trial studied the use of monthly
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between the treatment and placebo groups in this case
fell short of statistical significance (HR = 0.58, 95%CI:
0.34-1.02). Patients with midgut primaries derived the
greatest benefit from lanreotide, with a statistically
[16]
significant HR of 0.35 .
As high quality, randomized, placebo-controlled
trials, the PROMID and CLARINET studies provided
evidence that somatostatin analogs have antiproliferative effects in non-functional neuroendocrine
tumors arising in the midgut and in a group of
mixed patients with midgut and pancreatic primary
tumors, respectively. Despite the lack of randomized
data specifically indicating improved progressionfree survival in the NF-PNET subgroup, the use of
somatostatin analogs has been widely embraced as
a safe and well-tolerated initial systemic therapy for
these patients.

Figure 1 Computed tomography abdomen and pelvis with contrast
showing multiple enhancing liver lesions and a probable primary tumor in
the pancreatic body.

depot injections of octreotide LAR in 85 treatment
naïve patients with unresectable, well-differentiated
midgut NETs. Of these 85 patients, 73 had hepatic
metastases, 56 had previously undergone resection of
the primary tumor, and 33 had carcinoid syndrome at
the time of randomization. The investigators were able
to confirm the anti-proliferative effect of octreotide,
as demonstrated by significantly fewer progressions
or tumor-related deaths in the octreotide LAR group
(26 vs 40 in the placebo group, HR = 0.34, 95%CI:
0.20-0.59, P = 0.000072). Median time to tumor
progression, or progression-free survival as assessed
by Response Evaluation Criteria In Solid Tumors
(RECIST), was also significantly longer following
octreotide therapy as compared to placebo (14.3 mo
vs 6.0 mo). Subgroup analysis demonstrated that
patients with functionally active and inactive tumors
responded similarly, whereas the antiproliferative effect
was more pronounced in patients with a resected
primary tumor and patients with low (≤ 10%) hepatic
[17]
tumor burden . Although only patients with midgut
neuroendocrine tumors were included in this study,
it did provide additional rationale for the application
of somatostatin analog therapy in patients with
metastatic neuroendocrine tumor from other primary
sites.
The CLARINET trial, investigated the use of
lanreotide in patients with unresectable or metastatic
NETs. A total of 204 patients with sporadic, well-to
moderately-differentiated, nonfunctioning tumors from
a variety of primary sites, including pancreatic, midgut,
and hindgut were randomized to receive either oncemonthly placebo or Lanreotide depot injections. Both
groups were followed for 24 mo. At the completion of
the study, progression-free survival was significantly
prolonged with lanreotide as compared to placebo,
with 65.1% of patients in the treatment group showing
no progression at 24 mo as compared to 33.0% in the
placebo group. Subgroup analysis suggested improved
progression-free survival among patients whose
primary arose in the pancreas, but the difference
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Small molecule kinase inhibitors

Activating mutations in several different protein
kinases have been implicated in the tumorigenesis
of NF-PNETs. In particular, receptor tyrosine kinases
(RTKs) have been implicated in the abnormal
signal transduction cascades that contribute to the
unchecked proliferation of PNETs. These RTKs include
the receptors for platelet-derived growth factor
(PDGFRs) and vascular endothelial growth factor
receptors (VEGFRs), which play a role in both tumor
[17-20]
angiogenesis and tumor cell proliferation
. It is
hypothesized that the simultaneous inhibition of these
targets leads to reduced tumor neovascularization,
thus inhibiting tumor growth.
This hypothesis was tested using sunitinib, an
oral, small-molecule, RTK inhibitor of PDGFR and
VEGFR. In a randomized, double-blind, placebocontrolled trial, 171 patients with unresectable
and/or metastatic PNETs were assigned to receive
either once-daily oral sunitinib or placebo. Disease
progression was evaluated using RECIST criteria. A
statistically significant improvement in progressionfree survival was observed in the treatment group,
with a median progression-free survival of 11.4 mo as
compared to 5.5 mo with placebo. Subgroup analysis
demonstrated that sunitinib’s impact on progressionfree survival was even greater for those patients with
non-functioning tumors, with a statistically significant
HR of 0.26 in the treatment group as compared
to placebo. Interestingly, a statistically significant
benefit from sunitinib could not be demonstrated for
patients with functional tumors (HR = 0.75, 95%CI:
[21]
0.3-1.84) .
mTOR, a serine-threonine kinase, stimulates cell
growth, proliferation, and angiogenesis. In PNETs, the
aberrant activation of the mTOR signaling pathway
via insulin-like growth factor has been implicated as
[22]
[23]
a driving force for unchecked growth . Yao et al
investigated the use of everolimus, an oral mTOR
inhibitor, in a randomized, placebo-controlled trial of
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410 patients with intermediate-grade, unresectable
and/or metastatic pancreatic neuroendocrine tumors.
Median RECIST-defined progression-free survival
was 11.0 mo in the once-daily everolimus group, as
compared with 4.6 in the placebo group, with a HR of
0.35 for disease progression or death with everolimus
as compared to placebo. While 76% of study
participants had non-functional tumors, there was no
subgroup analysis performed to define the efficacy of
everolimus specifically in this subset of patients.
The demonstrated efficacy of both everolimus and
sunitinib in relatively large, high-quality, randomized,
controlled trials suggests a role for these agents in
the multimodal treatment of patients with PNETs.
Despite proven efficacy in delaying progression, the
impact on long-term survival, and specific clinical
indications for these agents remain poorly defined.

(CAPTEM) has received particular interest in the recent
literature. In a retrospective study of 30 patients with
[32]
metastatic PNETs, Strosberg et al
demonstrated an
objective partial response in 70% of patients treated
with CAPTEM. The median progression-free survival
was 18 mo among their cohort, which included 22
patients with nonfunctional tumors. This combination
was also very well tolerated among patients included
in the study, with only 4 patients (12%) requiring dose
reductions due to adverse events.
[30]
Chan et al
also demonstrated the efficacy of
temozolomide in combination with everolimus in a
prospective trial of 43 patients with unresectable
or metastatic PNETs. Using RECIST criteria, these
investigators were able to document a partial response
in 40% of patients and a median progression-free
survival of 15.4 mo. The functional status of each
patient’s tumor was not reported, however, and
therefore the differential response of functional vs
nonfunctional tumors could not be assessed. Study
participants experienced toxicities at the rate expected
for each drug alone, and there was no evidence of any
synergistic toxicity.
Apart from alkylating agents, promising results
have also been shown in some retrospective trials
for pyrimidine analogs such as 5-FU, capecitabine
and gemcitabine, and the platinum-containing agent
[26,28,33,34]
oxaliplatin
. In a recent retrospective study,
patients receiving a combination of gemcitabine and
oxaliplatin (GEMOX) were compared to patients treated
with alkylating agents. Among the 37 patients with
unresectable or metastatic PNETs receiving the GEMOX
regimen, 38% demonstrated a tumor response, and
[34]
the median progression-free survival was 7.3 mo .
While this retrospective trial demonstrated the GEMOX
regimen to be slightly less effective than the previously
published trials of alkylating agents, the positive
results obtained with GEMOX will likely drive future
prospective investigations of both platinum containing
agents and pyrimidine analogs in the treatment of
PNETs.

Cytotoxic chemotherapy

While somatostatin analogs and targeted protein
kinase inhibitors share the benefit of excellent
tolerability and improve progression free survival in
patients with PNETs, neither class of medication has
proven tumoricidal properties or induces treatment
[21,23]
response as measured by tumor size
. In contrast,
cytotoxic agents - especially alkylating agents,
platinum containing drugs and pyrimidine analogs
- have proven efficacy in decreasing tumor burden
and lengthening progression-free survival in several
retrospective and a few small prospective trials.
Among alkylating agents, streptozotocin is the
most studied, and was the first drug approved for
the treatment of PNETs. First used to treat PNETs
as described by Broder in 1973, streptozotocin has
been demonstrated to be effective in a number of
prospective trials, especially when combined with
[24-28]
other cytotoxic drugs of different classes
. In a
[26]
prospective trial by Moertel et al , streptozotocin
in combination with doxorubicin demonstrated an
objective tumor response, defined as radiologic
evidence of decreased tumor size or improvement
in endocrine abnormalities, in 69% of 38 patients
with unresectable or metastatic PNETs. They also
reported a median progression-free survival of 18
mo among study participants. The subset of patients
with nonfunctional tumors demonstrated a similar
response, although this result did not achieve statistical
significance.
While effective, the widespread use of streptozotocin
has been significantly limited by its difficult dosing
schedule and toxicity. More recent prospective studies
have investigated the use of the better-tolerated, orally
available alkylating agent temozolomide in combination
with various other agents including capecitabine,
bevacizumab, thalidomide, and everolimus, with
[29-32]
promising results
.
The combination of temozolomide and capecitabine
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Peptide receptor radionuclide therapy

Peptide receptor radionuclide therapy (PRRT) targets
the somatostatin receptor with radiolabeled soma
tostatin analogs consisting of three components: a
[35]
cyclic octapeptide, a chelator, and a radionuclide .
PRRT has been widely used in Europe for patients with
metastatic neuroendocrine tumors as well as in the
[35,36]
90
0
3
neoadjuvant and adjuvant settings
. [ Y-DOTA ,Tyr ]
177
0
3
octreotide and [ Lu-DOTA ,Tyr ] octreotate, the
two main compounds currently in use, are roughly
equivalent in their complete and partial response rate
90
0
3
(10%-30%). However, treatment with [ Y-DOTA ,Tyr ]
octreotide is associated with a significantly higher risk of
nephrotoxicity, and the kidneys are generally the dose[35]
limiting organ for PRRT .
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46% of patients undergoing resection suffered a
complication, with pancreatic leak being the cause in
[53]
over half of cases .
There has also been significant interest in pa
renchyma preserving surgery as an alternative to
radical pancreatic resection for small tumors with no
preoperative evidence of malignancy. Such approaches
may be associated with increased risk of pancreatic
fistula but less risk of endocrine and exocrine
insufficiency compared to more extensive pancreatic
[54,55]
resections
. This is particularly important in the
context of familial syndromes such as MEN-1, von
Hippel-Lindau, and neurofibromatosis, as patients with
these syndromes are more likely to have multifocal or
recurrent disease and may require multiple surgeries
throughout their lifetimes. In a retrospective study
of 50 patients with small (median 1.4 cm) NFPNETs treated with either enucleation or central
pancreatectomy, Falconi and colleagues confirmed
a low rate of exocrine and endocrine insufficiency
(8% each). Interestingly, despite the fact that all
of the patients included in the study had imaging
which demonstrated no evidence of locoregional or
distant metastases at the time of surgery, 3 patients
(6%) in the study were determined to have lymph
node metastases at the time of surgery. A total of
4 patients, 2 of whom had positive lymph nodes at
the time of operation, developed hepatic metastases
after a mean interval of 68 mo. Despite a low risk of
endocrine and exocrine insufficiency, however, these
operations were associated with a substantial risk of
[56]
pancreatic fistula (50%) . Results similar to these
were shown in a series of patients who underwent
laparoscopic enucleation of small NF-PNETs. In this
series 30 consecutive patients were treated with
laparoscopic enucleation and local lymph node
sampling. Thirteen patients had tumors smaller than
3 cm, with no preoperative evidence of loco-regional
metastases on imaging. Three patients with localized
tumors had lymph node metastases identified at the
time of surgery and underwent a more extensive
lymphadenectomy, and a fourth patient developed
late hepatic metastases. Five patients developed a
[57]
pancreatic fistula .
While these data support the safety and good longterm functional outcomes associated with pancreatic
enucleation, the rates of lymph node metastases
and late hepatic metastases among patients with
small, benign-appearing tumors was significant
in both series. These data raise the concern that
simple tumor enucleation, especially in the absence
of lymphadenectomy, incurs a risk of understaging
and may represent a missed opportunity for more
complete resection. In fact, in a series of 177 patients
[58]
with NF-PNETs published by Bettini et al , the rate of
lymph node metastases from tumors smaller than 2
cm was 19% after any type of resection with routine
lymphadenectomy.

QUESTION 2: WHEN IS SURGERY
INDICATED?
Early localized disease

Surgery is the cornerstone of treatment for localized
NF-PNETs and has also been advocated in the setting
of metastatic disease when all, or most, gross disease
can be removed. In both institutional case series and
large database analyses, surgery has been correlated
[1,37-46]
with improved survival at every disease stage
;
albeit, the potential influence of selection bias on
outcomes is substantial in many studies. Conversely,
expectant or conservative management strategies
in patients with small primary tumors, inherited
syndromes at high risk of multifocal disease, or limited
stable hepatic metastases has also been advocated by
various groups.
Expectant management for small NF-PNETs
has long been supported for patients with inherited
syndromes such as MEN-1, von Hippel-Lindau, and
neurofibromatosis. Low rates of progression or
metastasis have been shown in multiple series of
patients with MEN-1 and tumors less than 2 cm and
von Hippel-Lindau syndrome with primary tumors
[47-52]
less than 3 cm without a mutation of exon 3
.
Recent data on the natural history of small primary
tumors in patients with NF-PNETs support expectant
management in selected sporadic patients as well,
although the absolute size threshold for resection
remains controversial.
In one observational study of the natural history of
sporadic, asymptomatic, well-differentiated NF-PNETs
less than 2 cm in size, none of the 41 patients followed
with serial imaging developed evidence of distant or
nodal metastases during the median follow-up period
of 34 mo. Only 13% of patients demonstrated a 20%
or greater increase in tumor size during the followup period, and 17% of patients ultimately underwent
surgery. Of those who had surgery, all lesions were T
class 1 (n = 7) or 2 (n = 1), grade 1, node negative,
and without evidence of vascular or peripancreatic
invasion, suggesting that in selected asymptomatic
patients with small primary tumors, expectant
management is safe and may spare some patients the
morbidity associated with pancreatic resection. Also
of note, of those patients who underwent surgery,
including five patients who elected to undergo surgery
at the initial time of diagnosis, the overall morbidity
[40]
was 62%, primarily due to pancreatic fistula .
Another retrospective study by Lee and colleagues
described 133 patients with NF-PNETs less than 4.0
cm in size without evidence of metastatic disease and
found no evidence of significant tumor growth on serial
imaging or disease-specific morbidity or mortality in
patients managed without resection during a mean
follow-up period of 48 mo. Of the 56 patients who
underwent surgical resection, there was no evidence
of recurrence or disease-specific mortality. However,
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Locally advanced disease

Hepatic metastases from pancreatic neuroendocrine
[41]
tumors are often bilobar and multifocal . Given the
sometimes indolent nature of NF-PNETs, the potential
for local complications of enlarging pancreatic tumors
(e.g., pancreatic duct obstruction or vascular invasion)
and the precedent of aggressive surgical management
of midgut neuroendocrine tumor primaries, several
groups have advocated for resection of PNET primaries
even in the face of extensive hepatic disease.
[1]
Franko et al published a retrospective review
of the SEER database including over 600 patients
with metastatic NF-PNETs. Among those patients
with unresectable hepatic metastases, those that
had only their primary tumors resected experienced
significantly longer median survival when compared
to those patients that did not have surgery for either
their primary or their metastases (1.0 years vs
4.8 years, P < 0.001). Several other series in the
literature have also addressed this question, with
[71-74]
varied results
. One of the largest series, from
Solorzano and colleagues, included 96 patients with
unresectable hepatic metastases from NF-PNETs. Of
these 96 patients, 16 underwent resection of their
primary tumors while the remaining 80 patients
had no surgery at all. Median survival was 3.0 years
among the group that had their primary tumors
resected and 1.8 years among the group that had no
surgery, however this survival difference did not reach
[61]
statistical significance .
In a large retrospective analysis of the impact of
[39]
surgical resection on patients with PNETs, Hill et al
demonstrated a significant survival advantage in
patients with distant/metastatic disease undergoing
surgical resection of their primary tumor vs those
that were recommended surgery but were ultimately
not resected (60 mo vs 31 mo, P < 0.001). They
demonstrated a survival benefit from resection of the
primary tumor in patients with localized, regional, and
metastatic disease compared to controls who were also
recommended surgery but for various reasons did not
undergo resection. Given the available data, resection
of the pancreatic primary tumor in selected patients
with unresectable hepatic metastases may offer a
survival advantage or prevent rare local complications
such as pancreatic duct obstruction and vascular or
adjacent organ invasion. Other factors such as age,
functional status, burden of metastatic disease, and
anatomic location of the primary tumor must be taken
into consideration.

Given the proclivity of NF-PNETs for distant spread,
locally advanced disease in the absence of metas
tatic disease is fairly uncommon. Nonetheless, the
occasional patient presents with a bulky primary
tumor that invades adjacent organs or surrounding
vessels without evidence of metastases. Numerous
studies have suggested that surgical resection is
associated with prolonged survival in patients with
[1,5,8,11,12,37-39,41,43-46,59-61]
PNETs
. There is a paucity of
data, however, to guide the clinician in situations
where the primary NF-PNET invades adjacent organs
or vasculature. Several series have suggested a role
for multi-visceral, en-bloc resection of large PNETs
[46,62,63]
that have invaded adjacent organs
. While such
resections are both feasible and often associated
with prolonged survival in retrospective series, there
is an inherent selection bias in the patients selected
for surgery and there are no randomized, controlled
trials evaluating aggressive surgical management
compared to optimal medical management in patients
with locally advanced disease.
Resection of tumors with vascular involvement has
been extensively explored in the setting of pancreatic
adenocarcinoma. Concomitant vascular reconstructions
have entered the surgical mainstream for the mana
gement of pancreatic adenocarcinoma in selected
[64-66]
patients, with varied results
. Given the potential
for long-term survival following resection, aggressive
surgical management of locally advanced PNETs may
well be justified. Data, however, are limited to small
retrospective case series. Published reports of resection
of PNETs with major vascular involvement suggest
feasibility and favorable overall and disease-free
[67,68]
survival
. The largest of these series, from Norton
and colleagues, includes 44 patients with PNETs either
abutting or encasing the IVC, portal vein, SMV, SMA,
or splenic vein that underwent surgical resection. Upon
operation only 9 of the 42 patients that had resection
of their tumor required vascular reconstruction,
far fewer than the authors anticipated based on
preoperative imaging studies. As the authors note,
despite radiologic suggestion of abutment or even
invasion of vascular structures, vascular involvement
was often not found at the time of surgery, and even
in those patients with partial encasement, surgical
resection could often be performed without vascular
reconstruction. In this series, patients who underwent
resection of PNETs had 10 year overall survival of 60%
and disease free survival of 30%. For the 14 patients
with nonfunctional tumors, however, survival was
significantly lower, though there was no difference in
[67]
disease-free survival .

Liver debulking

Complete resection of all visible or imaged liver
[61]
metastases is often not possible . Moreover, frequent
recurrence in the liver suggest the presence of
[75]
additional subclinical metastases in many patients .
Traditionally, surgery for hepatic metastases has been
recommended in patients thought to be candidates
for curative resection or for palliation in cases where

Resectable primary tumors with unresectable hepatic
metastases

Over half of patients with NF-PNETs have hepatic or
[1,61,69,70]
distant metastases at the time of diagnosis
.
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[76,77]

greater than 90% debulking could be performed
.
Although aggressive surgical debulking is thought to
prolong survival in patients with hepatic metastases,
specific criteria for patient selection remain elusive
and several series have suggested that patients with
more than 50% liver involvement or bilobar liver
involvement have poor outcomes and are less likely to
[41,45,77]
benefit from surgery
.
Several groups have investigated the merits of
hepatic tumor debulking in patients with neuroendocrine
tumor metastases. In an institutional review of 72
patients with hepatic metastases from NF-PNETs by
[77]
Cusati et al , the authors demonstrated that patients
who had their primary tumors completely resected
and 90% of hepatic metastases debulked had 5-year
survival rates of 48.1%. There was a trend toward
better 5-year survival (69.6%) in patients that
underwent putative R0 resection of both the primary
tumor and liver metastases, however this result did not
achieve statistical significance. Other institutional case
series have suggested a survival benefit for debulking
of hepatic metastases from PNETs, and, like the Cusati
series, have shown no significant difference between
[45,78-82]
R2/R1 and R0 resection
. A likely explanation for
this is the frequent presence of at least microscopic
miliary metastatic disease in patients with metastatic
NET. This pattern, supported by pathologic studies,
belies the concept of an R0 resection and explains the
near uniform in-liver recurrence rate documented in
[75,83]
other clinical series
.

guide the implementation of these therapies.
In a recent meta-analysis comparing surgery to
all non-surgical therapies, including trans-arterial
as well as medical therapies for patients with both
functional and non-functional PNETs, liver resection
was demonstrated to be superior to non-surgical
treatments, with improved 2, 3, and 5 year survival
[85]
rates, and no difference in 30-d mortality . In a
large, multi-center, retrospective review that examined
surgery and/or ablation vs intra-arterial therapies
specifically, patients undergoing intra-arterial therapies
as primary treatment were significantly more likely
to have an unknown primary tumor, extra-hepatic
disease, bilateral hepatic disease, and to have > 25%
liver involvement than patients treated with surgery.
After propensity matching to adjust for these baseline
differences, Cox regression analysis demonstrated
that surgical management of liver metastases
independently improved survival for patients with lowvolume (< 25%) disease or those with symptomatic
high-volume disease. Asymptomatic patients with a
large (> 25%) burden of liver disease who underwent
surgical management had no significant difference
in long-term outcomes compared with intra-arterial
[86]
therapies .
Recent guidelines developed from the NET-LiverMetastases Consensus Conference in 2012 and based
on available peer-reviewed publications suggest that
for those patients unable to undergo resection of
liver metastases, there is moderate quality evidence
that TAE, TACE, and RE can produce an objective
treatment response, decrease tumor markers, and
control symptoms in patients with pancreatic NETs
and hepatic metastases. The authors noted that there
was not enough quality evidence to demonstrate
that one modality is superior to another, however
RE may cause fewer post-embolization side-effects
[87]
and require fewer overall treatments . In a study
comparing bland embolization with chemoembolization
in 67 patients with neuroendocrine liver metastases,
chemoembolization trended toward improved time to
progression, symptom control, and survival without
[88]
greater toxicity .
In patients with very limited hepatic disease,
percutaneous ablative techniques including radio
frequency ablation (RFA) and microwave ablation
(MWA) are appealing alternatives to operative
approaches. RFA and MWA are frequently used in the
treatment of patients with relatively few metastases
who are unable to undergo resection or favor a
nonoperative approach, in conjunction with surgery at
the time of open resection, or as an adjunct to other
[84]
liver directed therapies . In the largest study to
examine RFA and long-term outcomes in a group of 89
patients with mixed types of neuroendocrine tumors
that had largely already progressed on other therapies
[89]
(including 13 patients with NF-PNETs), Akyildiz et al
demonstrated that laparoscopic RFA was associated
with median disease free survival of 1.3 years and

QUESTION 3: WHEN ARE NONSURGICAL LIVER DIRECTED THERAPIES
INDICATED?
A large subset of patients with NF-PNETs present with
unresectable liver metastases. Liver directed therapies
including hepatic trans-arterial embolization (TAE),
chemoembolization (TACE), or radioembolization
using yttrium-90 microspheres (RE) are increasingly
utilized approaches in such patients. Because PNET
metastases are highly vascular and derive the vast
majority (> 90%) of their oxygen and nutrients
from hepatic arterial blood supply, trans-arterial
[84]
therapies are especially appealing . Additionally,
the increasing availability of these approaches has
led to their application in resectable cases as well.
Advocates for broader application of trans-arterial
therapies site safety and efficacy without the need for
general anesthesia or an abdominal incision. Moreover,
the high rate of recurrence after liver resection for
metastatic PNET may favor minimal access approaches
in patients for who near complete debulking cannot
be achieved surgically. Although there are no
randomized, controlled trials comparing TAE/TACE/RE
and surgery in the treatment of metastatic pancreatic
neuroendocrine tumors consensus guidelines, metaanalyses, cohort studies and retrospective reviews
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referred for consideration of liver directed therapy.
Given an impression of metastatic disease involving
approximately 25% of the liver she was offered
chemoembolization or radioembolization; she opted
for the latter. Radioembolization of right-sided lesions
via the right hepatic artery proceeded uneventfully.
Angiography of the left hepatic artery demonstrated
multiple small branches to the distal stomach.
Selective embolization of lesions in segment three
was performed. Interval MRI three months later
demonstrated excellent response of the right-sided
metastases but progression of segments 2 and 4
metastases (Figure 2A). After a detailed discussion of
risks and benefits of surgery and alternative treatment
options, the patient underwent uneventful distal
pancreatectomy and left hepatectomy. Follow up
imaging six months later revealed several very small
non-enhancing lesions in the right liver consistent
with treated metastases and no evidence of recurrent
disease (Figure 2B).

A

B

CONCLUSION
PNETs are a rare and diverse group of tumors; NFPNETs account for the majority of cases. Most patients
with NF-PNETs have metastatic disease at the time
of presentation. The liver is the most common site
of metastatic disease. A variety of medical therapies,
including somatostatin analogs, small molecule kinase
inhibitors and cytotoxic chemotherapy have efficacy
in the treatment of PNETs. Discreet roles for these
modalities have not been established.
Aggressive surgical management of primary
and metastatic disease is associated with prolonged
survival; however, existing studies are limited by
selection bias and the frequent combination of PNETs
with carcinoid tumors, despite recognition that these
entities have distinct biologic behavior. Non-surgical
liver directed therapies are increasingly utilized in
patients with unresectable liver metastases and have a
particular role in patients for who near complete surgical
debulking cannot be achieved. The optimal embolic
therapy for PNET metastases is not well established.
Few patients with liver metastases are curable but
excellent outcomes can be achieved through judicious
application of existing therapies in a multidisciplinary
setting.

Figure 2 Magnetic resonance imaging. A: T1 weighted magnetic resonance
imaging showing persistent left lobe lesion after treatment of right sided lesions
with radioembolization; B: Post-operative magnetic resonance imaging showing
liver remnant and pancreatic head with superior mesenteric vein after left
hepatectomy and distal pancreatectomy.

overall survival of 6 years from the time of ablation.
Median survival for patients with PNETs was 64 mo.
Twenty-two percent of patients went on to develop local
recurrence, 63% developed other new liver lesions,
and 59% developed extra-hepatic disease during the
median follow-up period of 30 mo. In another large,
prospective series evaluating laparoscopic RFA in
a cohort of 63 patients with mixed neuroendocrine
hepatic metastases (including 12 patients with NF[90]
PNETs), Mazzaglia et al
demonstrated a median
survival of 35 mo from the time of RFA and 54 mo from
diagnosis of liver metastases in patients with PNETs,
with no perioperative mortality and 5% perioperative
morbidity.
Based on available evidence, liver directed
therapies should be used for patients deemed to
have unresectable hepatic disease or extra-hepatic
metastases. In patients with extensive liver disease,
trans-arterial approaches may represent a reasonable
alternative to subtotal operative debulking. RFA can
be a useful adjunct either at the time of surgical
resection for discrete foci of unresectable tumor or
to treat limited intrahepatic disease in patients with
contraindications to surgical resection.
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Abstract
Inflammatory bowel diseases are characterised by
inflammation that compromises the integrity of the
epithelial barrier. The intestinal epithelium is not only
a static barrier but has evolved complex mechanisms
to control and regulate bacterial interactions with
the mucosal surface. Apical tight junction proteins
are critical in the maintenance of epithelial barrier
function and control of paracellular permeability.
The characterisation of alterations in tight junction
proteins as key players in epithelial barrier function
in inflammatory bowel diseases is rapidly enhancing
our understanding of critical mechanisms in dis
ease pathogenesis as well as novel therapeutic
opportunities. Here we give an overview of recent
literature focusing on the role of tight junction proteins,
in particular claudins, in inflammatory bowel diseases
and inflammatory bowel disease associated colorectal
cancer.
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and effectors of different signalling pathways (such
as the myosin light chain kinase) thereby altering the
assembly, maintenance, and barrier function of the TJ
[6]
complex .
The expression of different TJs in the gut varies
according to localization (e.g., villus vs crypt, small
bowel vs colon), cell membrane localization (e.g.,
apical, lateral or basolateral) and the gut’s functional
[4,7,8]
properties at the site
. For example, claudin
2 is expressed at the apical pole throughout the
crypt-villus axis in the jejunum whilst in the colon
expression is restricted to the crypts, whereas claudin
4 expression is throughout the crypt-villus axis in the
small and large intestine. The segmental distribution
of claudin expression may relate to cell differentiation,
carbohydrate metabolism and transcription factors
[9]
such as HNF1α, Cdx2 and GATA-4 .
In health, the apical TJs construct a dynamic
intestinal barrier that regulates the paracellular uptake
[3,5]
of water, nutrients and electrolytes . TJs may be size
and/or charge selective and prevent contact between
the proteins of the two cell poles: the basolateral and
[10]
apical cell membranes . While many tight junction
proteins have properties of increased barrier formation,
others form size and/or charge selective channels
[1]
or pores . Adherens junctions and desmosomes
are mostly involved in communication between
[4,10,11]
neighbouring epithelial cells
. TJ dysfunction can
lead to the disruption of the intestinal barrier integrity.
Changes in pH, osmotic load or cytoskeleton function
[12]
all affect the barrier function of TJs .
There are 27 different claudin isoforms that
modulate the paracellular movement of ions based on
[13]
charge and size . Claudin 1 and claudin 2 are able
to initiate the formation of TJ strands on fibroblasts
lacking TJs, suggesting that they are the major
[14]
components of TJ strands . Claudin 2 controls the
+
movement of monovalent cations such as Na to
the interstitium and reduces the paracellular transepithelial resistance as well as enhances trans[15,16]
epithelial water flux
in contrast to other claudins
[17-23]
(like 1, 3, 4, 5, 8) that tighten the epithelium
.
Claudin 2 also directly decreases the barrier function of
[13]
Claudin 1 and Claudin 4 strands . Therefore the ratio
of different claudins in the TJ determines its functional
property as either leaky or tight. This review will focus
on the role of key TJPs (Table 1) in the pathogenesis of
IBD and IBD associated colorectal cancer (CRC).

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

Core tip: Epithelial barrier function is compromised
in inflammatory bowel diseases (IBD). Apical tight
junction proteins, in particular claudins, are key players
in epithelial barrier function. However, there is little
consensus regarding the expression of most claudin
isoforms in these conditions or whether these findings
are primary or secondary to disease pathogenesis.
Knowledge of tight junction protein expression and
function in IBD and IBD associated colorectal cancer
will enhance our understanding of critical mechanisms
in disease pathogenesis as well as novel therapeutic
opportunities.
Landy J, Ronde E, English N, Clark SK, Hart AL, Knight SC,
Ciclitira PJ, Al-Hassi HO. Tight junctions in inflammatory bowel
diseases and inflammatory bowel disease associated colorectal
cancer. World J Gastroenterol 2016; 22(11): 3117-3126 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i11/3117.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3117

INTRODUCTION
A number of routes exist for passage across the
epithelial barrier between the internal and external
environment. The intercellular spaces between
adjacent cells, linked together by junctional complexes,
are critical in regulating the mucosal barrier. Ions
and solutes pass transcellulary utilising channels,
[1]
carriers and transporting ATPases . The paracellular
pathway also regulates permeability to water, ions
and low molecular weight molecules (< 600 kDa).
The differences in paracellular permeability between
different epithelia such as the proximal or distal
nephron, has led to the concept of “leaky” or “tight”
epithelia. In disease states, epithelia may become
more “tight” or more “leaky” such as is seen in
[1]
inflammatory bowel diseases .
The tight junctions (TJs) form the apical most
unit, defining the boundary between the apical and
basolateral membranes and are predominantly the
[2]
rate-limiting factor in paracellular passage . The
tight junction is built up by both transmembrane
proteins such as occludin, tricellulin, different claudins
and junctional adhesion molecules (JAMs), as well
as peripheral membrane proteins such as zona
occludens (ZO)-1,-2,-3 and cingulin. They are linked
to the cytoskeleton of the cell by F-actin and myosin
[3,4]
Ⅱ . These ZO proteins have three PDZ domains
that mediate binding to other transmembrane tight
junction proteins such as claudins in a dynamic energy
[5]
dependent manner . They are also the direct targets

WJG|www.wjgnet.com

EPITHELIAL BARRIER FUNCTION IN
INFLAMMATORY BOWEL DISEASES
Inflammatory bowel diseases (IBD) share a
multifactorial aetiology of genetic susceptibility,
[24]
environmental factors and immune dysregulation .
These diseases are characterized by intestinal
inflammation that compromises the integrity of the
epithelial barrier leading to increased permeability
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Table 1 Tight junctions of interest in inflammatory bowel diseases
TJ protein

Function

Expression in CD

Expression in UC

Expression
in pouchitis

Claudin 1

Tightens the epithelium[17,23] able to initiate formation of TJ
strands[14]

Active: ↑[46,65] ↔[50]
Inactive: ↔[65]

↓[40]

Claudin 2

Important pore-forming TJ protein[15,16,23], able to initiate
formation of TJ strands[14], decreases barrier function of
CLDN1 and CLDN4[13]
Tightens the epithelium, decreases paracellular conductance
through decrease in sodium permeability[19]

↑[44,50,65,101]

Active: ↑[65],
↔[45]
Inactive: ↔[65]
↑↑[44,50,65,101]

Active: ↓[44,45]
Active Inflammation: ↑[65]

↔[40]

Claudin 4

Tightens the epithelium[20]
Tightens the epithelium[21]
Tightens the epithelium
Uncertain function
Binds ZO-1, regulates paracellular
permeability, function in cellular
adhesion[102]
Mediates protein-protein interactions,
link to actin cytoskeleton: “anchoring”
protein[4,103]

Claudin 5
Claudin 8
Claudin 12
Claudin 18
Occludin

ZO-1

↓[44]
Active inflammation: ↑[65]
↔[50]
↓[50]
↓[50]
↑[48]

↔[40]

↑[47]
↓[52]
↔[65]

[46,50,52]

↓
↔[65]
↓[68]

↑[40]

↔[64] (Mees et al: “in
patients with a history of
UC”)

↔[40]

↓[54] (chronic
pouchitis)

TJ: Tight junction; ZO-1: Zona occludens-1; CD: Crohn’s disease; UC: Ulcerative colitis.

[25]

and infiltration of pathogens . Both Crohn’s disease
(CD) and ulcerative colitis (UC) share common fea
tures such as epithelial breaks, a reduction in tight
[11,26,27]
junction strands, and glandular atrophy
. Patients
with clinically active CD have increased intestinal
[28-30]
permeability
. Barrier dysfunction is likely to be
caused by epithelial damage including apoptosis,
erosion and ulceration that are characteristic of gut
inflammation. Inflammatory cytokines associated with
gut inflammation alter epithelial permeability through
[31-33]
their effects on the junctional complexes
.
However, impaired barrier function is also evident
in quiescent IBD and even in first degree relatives of
[34,35]
patients with CD
. Genetic studies have identified
new UC susceptibility loci pertaining to defects of the
[36,37]
epithelial barrier
. Barrier properties of ileoanal
pouch mucosa in both pouchitis and in ileoanal pouches
where backwash ileitis was present prior to restorative
[38-40]
proctocolectomy for UC are reduced
and increased
bacterial translocation has been reported in pouches
[41]
functioning for longer than 12 mo . Dysregulation
of the epithelial barrier with changes in paracellular
permeability due to altered cell to cell junctions is likely
to be significantly more selective and may be a critical
primary factor in the pathogenesis of IBD.

demonstrated an 80% reduction in epithelial resistance
and a decrease in epithelial (not crypt) TJ depth in
inflamed samples.
Several studies have focused on expression of
[43-45]
claudins in UC patients
. demonstrating higher
expression of claudin 2 in colonic samples from
patients with UC. Additionally, the increases in “poreforming” claudin 2 correlate with disease severity on
both protein and transcriptional levels. Reductions
in other “tightening” tight junctions also occur
concomitantly. Reduced staining intensity for claudin
3, 4 and 7 have been shown both on the surface
epithelium as well as mislocation of claudin 4 extra[44,45]
junctionally in UC patients
.
[46]
In contrast, Poritz et al
found an increase in
claudin 1:occludin ratios in colonic samples from
UC patients compared with healthy controls and CD
samples by Western blot analysis. This change in ratio
was the result of both an increase in claudin 1 and a
decrease in occludin. Disease severity, measured by
the degree of inflammation, was directly proportional
to the alterations seen in TJ structure in UC. In another
study, claudin 1 was demonstrated to be upregulated
in the colon of UC patients compared to healthy
[47]
controls, but did not correlate to disease severity .
In sigmoid samples of active UC patients, a trend
toward upregulation of claudin 12 (another “tightening”
[48]
claudin) was observed . Claudin 18 expression
was found to be elevated in UC patients compared
with controls, but did not correlate with severity of
inflammation postulating a primary defect in barrier
[47]
function .

ULCERATIVE COLITIS
[42]

Gitter et al
identified that in the sigmoid colon
of patients with early UC where the epithelium
looks intact, there are in fact already leaks from
apoptotic foci. Furthermore, the higher the degree of
inflammation observed, the higher the conductance of
[42]
the epithelium measured . A study using epithelial
resistance as a measure of barrier function in samples
[43]
from UC patients with inflamed sigmoid colon

WJG|www.wjgnet.com

CROHN’S DISEASE
In CD, intestinal permeability is considered a predictive
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A

B
Tight Junction Complex
Cell 1
Desmosomes

Cell 2
0.1 μm

Figure 1 Electron microscopy of pouch epithelium tight junction complex in non-inflamed pouch (A) and electron micrograph demonstrating dendritic cell
penetrating between two epithelial cells in pouchitis (B). Bar = 0.1 μm. Solid arrow: Dendritic cell; Dashed arrow: Tight junction complex between epithelial cell
and dendritic cell.
[34,49]

factor for disease susceptibility and relapse
.
Changes in tight junctions and epithelial apoptosis
[50]
might dominate in causing barrier dysfunction . Marin
[51]
et al
studied 10 patients with CD. The epithelial
cells of the terminal ileum from these patients
demonstrated tight junction disorganisation which was
present in minimally inflamed areas although more
pronounced in cobblestone areas.
In samples from the sigmoid colon in active CD,
the expression of claudins 5, 8 and 3 were decreased,
whereas claudin 2 expression was moderately
[50]
[52]
increased . Kucharzik et al
demonstrated similar
changes in tight junction expression in both UC and
CD with global down-regulation of occludin. This
finding was present both in active and quiescent UC
[53]
whilst only in active CD. Das et al
showed claudin 2
to be strongly expressed in the ileum of approximately
50% of quiescent as well as active CD. Moreover, the
distribution of claudin 2 expression was altered in
colonic biopsies from CD patients and associated with
disrupted tight junctions. Others have found no change
in ileal expression of claudin 2 in CD, whilst in the
sigmoid colon of CD patients, claudin 2 was found to
be significantly down regulated compared to controls.
However, claudin 12 was found to be increased in the
[48]
ileum of CD patients .

1B). Analysis of claudin expression from pouch
biopsies before ileal pouch anal anastomosis (IPAA),
during pouchitis and at a time point over a year
after ileostomy closure demonstrated an elevation
[40]
in claudin 2 levels in acute pouchitis . We also
recently demonstrated altered expression of TJP
in the ileal pouch of patients with UC. In particular
increased expression of claudin 2 occurred early
following ileostomy closure, prior to the development
of histological inflammation. Claudin 2 was also
elevated in UC patients without pouchitis compared
with FAP patients and in acute, but not chronic
pouchitis samples whilst epithelial expression of ZO-1
and claudin 1 were reduced in patients with chronic
pouchitis. These findings suggest that increased
claudin 2 expression may be an early event in the
[54]
development of inflammation .

TIGHT JUNCTIONS AND IBD
ASSOCIATED COLORECTAL CANCER
Passage of luminal antigens or metabolites through
diminished epithelial barrier is known to promote
[55-57]
chronic inflammation and CRC
. In general, claudins
are associated with different types of neoplasms,
including breast, prostate, ovarian, pancreatic, gastric
[58,59]
and colorectal carcinoma
. They may also be
involved in the progression to metastasis, and provide
unfavourable signalling pathways between the extra[60-63]
and intracellular milieu
.
[64]
Mees et al
investigated the expression of both
adherens, and TJ proteins in patients with CRC with
a history of UC. Claudins 1, 3, 4 and β-catenin were
upregulated in CRC tissue compared with normal
controls or intraepithelial neoplasia, whilst the ex
pression of claudin 2, ZO-1 and occludin did not vary
significantly between samples. Other studies have
demonstrated elevated claudin 1 and claudin 2 levels
[59,65,66]
[66]
in IBD-associated carcinoma
. Kinugasa et al
demonstrated increased staining for claudin 1 in both
high-grade dysplasia and UC-associated CRC when

POUCHITIS
Barrier properties of ileoanal pouch mucosa in
[38]
pouchitis and in non-inflamed pouches are reduced
with increased bacterial translocation in long lasting
[41]
[39]
pouches . Merrett et al
showed an increase in
pouch permeability in patients with pouchitis compared
with those with a normally functioning pouch. Electron
micrography of mucosal epithelium from noninflamed UC pouch (Figure 1A) and pouchitis suggests
membranes between cells are more loosely arranged
with increased intercellular distance and perijunctional
[54]
cytoskeleton condensation . In addition, dendritic
cells appear to penetrate the epithelial cell layer
more frequently (personal communication) (Figure
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compared with normal or UC colonic samples.
[65]
In the study of Weber et al , the expression of
claudin 1, 2, 4 and occludin were evaluated in IBD
patients, IBD-associated dysplasia, acute self-limited
colitis (ASLC) and sporadic adenomas. During active
inflammation, claudin 1 expression was upregulated
in both UC and CD patients and localization of claudin
1 was not limited to the TJ, but was expressed on
the lateral membrane. Claudin 2 expression was the
richest in the TJ region and the apical cytoplasm. In
an identical manner to claudin 1, the expression of
claudin 2 correlated with the degree of inflammation
[65]
in both UC and CD, but not in ASLC . Claudin 1 and
claudin 2 levels were also increased in IBD-associated
dysplasia and sporadic adenomas in comparison to
non-dysplastic IBD. However, occludin expression
and localization in both active and inactive IBD and in
adenomas or carcinomas was no different compared
with controls. The changes in TJ expression in IBD
associated dysplasia may represent the severity and
longevity of histological inflammation, a known risk
[67]
factor for neoplastic progression in IBD .

were exerted presumably by decreasing expression of
occludin and increasing the expression of claudin 1 but
[69]
expression of claudin 2 or 3 were not affected .
TNF-α can also affect tight junctions and decrease
epithelial barrier function by increasing Myosin Light
Chain Kinase (MLCK) phosphorylation. Inhibition of
MLCK in TNF-α treated epithelial monolayers can
[32]
acutely restore barrier function . Furthermore, MLCKactivation promotes IL-13 expression and claudin
[70]
2 synthesis . TNF-α induced MLCK expression
may therefore be a critical mechanism for barrier
dysfunction in UC and CD. Ileal MLCK expression
is increased in ileal biopsies from patients with CD
compared with controls and increased MLCK correlates
[71]
with disease activity .

Animal models of epithelial permeability and
inflammation

A recent study of transgenic mice expressing activated
MLCK showed increased paracellular permeability
without histological inflammation. Further analysis
however, found an increase in the absolute numbers
+
of lamina propria CD4 lymphocytes and a significant
+
redistribution of CD11c dendritic cells to the
superficial lamina propria as well as polarisation to a
[72]
Th1 cytokine profile . Despite increased epithelial
permeability these mice did not develop intestinal
inflammation. However, when crossed with mice that
develop spontaneous inflammation an accelerated and
exaggerated inflammatory response was seen. This
mouse model therefore suggests that barrier loss may
not initiate inflammation but accelerate inflammatory
responses.
Other studies suggest that tight junction abnor
malities and epithelial permeability may precede the
increase of inflammatory cytokines. Interleukin-10
(IL-10) blocks IFN-γ induced epithelial permeability
and IL-10 knockout mice have increased permeability
and spontaneously develop chronic intestinal inflam
[33]
mation . Inhibition of the zonulin receptor (a key
receptor in tight junction binding regulation) in
IL-10 knockout mice reduced intestinal permeability
and attenuated the spontaneous development of
[33]
colitis . However, increased intestinal permeability
in IL-10 knockout mice not only preceded the onset
of inflammation but also occurred significantly earlier
than any differences in IFN-γ or TNF-α.
A recent study of intestine-specific claudin 7
[73]
knockout mice
demonstrated increased neutrophil
infiltration into the lamina propria and increased mRNA
expression of inflammatory cytokines without altered
epithelial integrity. Further investigation showed
increased epithelial permeability and paracellular
absorption of small molecules and increased absorption
of a bacterial derived neutrophil chemoattractant in
the claudin 7 knockouts. Treatment with antibiotics
or exogenous administration of the soluble bacterial
derived chemoattractant, abolished and initiated
the onset of inflammation respectively. This model

CHICKEN OR EGG?
It is not clear whether the changes observed in tight
junctions in IBD are causal, leading to abnormal
epithelial barrier integrity and the aberrant immune
responses, or whether the inflammation itself causes
the alterations in tight junction expression and
distribution.

Inflammatory cytokines and tight junction regulation
[31]

Heller et al
demonstrated a significant upregulation
of IL-13 in patients with UC compared to CD patients
and non-inflammatory controls. Following the upre
gulation of IL-13, there was a decrease in transepithelial resistance and an increase in epithelial cell
apoptosis and conductance. Furthermore, IL-13 caused
an upregulation of the claudin 2 gene, thus elevating
claudin 2 protein production threefold. IL-13 did not
have a significant effect on the expression of occludin,
claudin 1 and claudin 4.
In CD, interferon gamma (IFN-γ) contributes to
impairment of epithelial barrier function through
disrupting tight junction complexes by causing
decreased expression and increased internalization of
[68]
occludin and ZO-1 . The effects of IFN-γ on barrier
function may be mediated through 5’ adenosine
monophosphate-activated protein kinase (AMPK).
AMPK is key in sensing the cell’s energy levels, which
decrease during inflammation and subsequently
[68]
increase the demand for AMPK. Scharl et al showed
that inhibiting AMPK not only reverses its effect on
TJs but also its negative effect on trans epithelial
[69]
resistance. Watson et al
also showed in T84
cells (model intestinal epithelial cell line) that IFN-γ
increased intestinal permeability to large molecules
such as E. coli-derived lipopolysaccharide. Effects
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suggests that the loss of claudin 7 enabled increased
absorption of soluble bacterial products leading to the
development of colonic inflammation.

plant extracts have been observed to regulate TJ
expression. Quercetin, a common flavanoid increase
epithelial resistance in Caco-2 cell monolayers by
[86]
upregulating claudin 4 expression . Berberine, an
isoquinolone alkaloid, prevented TNF-α induced claudin
1 disassembly and upregulation of claudin 2 in a cell
[87]
culture model . Polyunsaturated fatty acids can also
have beneficial effects on the assembly and morphology
[88]
of TJs . Omega-3 and omega 6 polyunsaturated
fatty acids up-regulate expression of occludin, reduce
[89]
permeability and strengthen the epithelial barrier
Polyunsaturated fatty acids also reverse the disruptions
in TJs caused by proinflammatory cytokines in Caco 2
[90,91]
epithelial cells
and might play a role in preventing
the alteration in the epithelial barrier caused by
inflammation or proinflammatory cytokines that could
be exploited as a therapeutic target in the treatment of
gut inflammation.
Much attention has focused on the effects probiotic
bacteria and their products may have on tight
[92]
junction expression and epithelial barrier function .
In vitro and animal models have shown Lactobacilli
to attenuate epithelial permeability in experimental
colitis and to upregulate tight junction expression of
[93-95]
ZO-1, occludin and claudin-3
. VSL#3 (a mixture
of eight probiotic strains) prevented the reduction
and redistribution of ZO-1 and claudins -1,-3,-4
and -5 in a murine model of colitis. Furthermore,
bacterial products may be a source of novel therapies
affecting epithelial barrier function. Uncharacterized
extracellular proteins secreted by B. longum subsp.
infantis, increased the production of ZO-1 and occludin
[96]
in epithelial cells . Extracellular proteins derived from
Lactobacillus rhamnosus GG attenuated reduction in
epithelial resistance in an in vitro model, preventing
the redistribution of tight junction proteins including
[97]
ZO-1 and occludin in a dose dependent manner .
Moreover, Salmonella infection increased claudin-2
expression in epithelial cell lines facilitating its
invasion. Therefore, blocking claudin-2 as a potential
therapeutic target to prevent bacterial invasion has
[98]
been suggested .
Zonulin has been shown to be a key regulator of
intestinal permeability through modulation of epithelial
[99]
tight junctions . A synthetic peptide inhibitor
of zonulin known as AT 1001 or Larazotide has
undergone clinical studies in the treatment of coeliac
[100]
disease
. In the IL-10 knockout mouse, AT 1001
reduced intestinal permeability and attenuated the
[33]
development of spontaneous colitis . Future studies
are necessary to determine the role these proteins
may have in modulating tight junctions and epithelial
barrier function in inflammatory bowel diseases.

Ileoanal pouch as a human model for inflammatory
bowel disease

Unlike UC and CD, the ileal pouch offers a unique
opportunity to study the development of inflammation
before disease onset. In patients with UC, increased
epithelial expression of the “pore-forming” tight
junction claudin 2 was an early event after ileostomy
closure and preceded increased IL-6 levels, as well as
increased TLR4 and CD40 activation marker expression
in patients with mucosal inflammation of the pouch at
[54]
twelve months following ileostomy closure .

THERAPEUTIC OPPORTUNITY IN
INFLAMMATORY BOWEL DISEASES
Strategies to manipulate tight junctions and intestinal
permeability are likely to have an important role in the
future treatment of inflammatory bowel diseases.

Anti-TNF therapy and tight junctions

Anti-TNF therapy is effective in the treatment of Crohn’s
[74-76]
disease, ulcerative colitis and chronic pouchitis
.
Barrier function is significantly restored following
[77,78]
anti-TNF therapy for CD
. In the study by Zeissig
[78]
et al , this was associated with a reduction in
epithelial apoptosis but no significant changes in
occludin, claudin 1 or claudin 4. However, other
claudins including claudin 2 were not assessed. In a
study of experimental colitis in mice, both etanercept
and infliximab attenuated inflammation induced
reductions in ZO-1 and occludin as well as reducing
[79]
the upregulation of claudin 2 . More recently, in
epithelial cell lines adalimumab prevented increased
phosphorylation of myosin light chain and reversed the
[80]
TNF induced down regulation of claudins 1 and 4 .

Short chain fatty acids

In the colon, anaerobic bacterial fermentation of
undigested polysaccharides leads to the production
of short chain fatty acids, particularly acetic,
proprionic and butyric acids. Short chain fatty acids,
in particular butyrate are thought to be the principal
source of energy for colonocytes and in UC patients
colonocytes have demonstrated diminished oxidation
[81,82]
of butyrate
. In vitro culture demonstrated butyrate
enhanced claudin 1 transcription and enhanced barrier
[83,84]
function
. In colonic epithelial cells treated with
[85]
butyrate claudin 2 was down regulated . Butyrate
might be postulated to have a role in maintaining
barrier function via tight junction regulation.

CONCLUSION

Novel compounds and probiotics

Dysregulation of TJ proteins is involved and may
precede the development of IBD. It is probable that
they also contribute to the development of IBD-

Novel compounds that alter epithelial barrier function
may be available from nutritional sources. Several
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associated CRC. Recent evidence suggests that a
dysregulated expression of TJ proteins may precede
the development of intestinal inflammation. However,
a number of questions remain unanswered regarding
the role of TJs in the aetiology of inflammatory bowel
diseases. Significant differences may exist between
animal models and human studies regarding TJ
expression profiles and further human studies are
necessary to elucidate the role of TJs in IBD aetiology
or acceleration of aberrant inflammatory responses.
Claudin 2 appears to be upregulated in UC, CD
and pouchitis and some studies also suggest elevated
claudin 2 to be present in quiescent disease. However,
there is little consensus regarding the up- or down
regulation of the other claudin isoforms in these
conditions. This may be explained to some extent
by methodological differences and heterogeneity of
patients and sampling with regard to disease activity
and history. Further evaluation of the patterns of
expression of claudins in active and inactive IBD
patients should help to elucidate their contribution to
disease, but longitudinal studies are also necessary.
Future studies should evaluate therapeutic approaches
that manipulate TJs, restoring epithelial barrier
integrity, for the treatment of active inflammatory
bowel diseases, maintenance of remission and
prevention of onset of inflammation in the gut.
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Evidence-based medical oncology and interventional
radiology paradigms for liver-dominant colorectal cancer
metastases
Alan Alper Sag, Fatih Selcukbiricik, Nil Molinas Mandel

Abstract

Alan Alper Sag, Division of Interventional Radiology,
Department of Radiology, Koc University School of Medicine,
Istanbul 34450, Turkey

Colorectal cancer metastasizes predictably, with liver
predominance in most cases. Because liver involvement
has been shown to be a major determinant of
survival in this population, liver-directed therapies are
increasingly considered even in cases where there is
(limited) extrahepatic disease. Unfortunately, these
patients carry a known risk of recurrence in the liver
regardless of initial therapy choice. Therefore, there
is a demand for minimally invasive, non-surgical,
personalized cancer treatments to preserve quality of
life in the induction, consolidation, and maintenance
phases of cancer therapy. This report aims to review
evidence-based conceptual, pharmacological,
and technological paradigm shifts in parenteral
and percutaneous treatment strategies as well as
forthcoming evidence regarding next-generation
systemic, locoregional, and local treatment approaches
for this patient population.
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Core tip: Survival is increasing in patients with colorectal
cancer because of major advances in the domain of
modern chemotherapy and personalized biological agents.
As a result, there is increased demand for minimallyinvasive non-surgical strategies to treat liver metastases
and their recurrences. Non-surgical Interventional
Radiology treatments such as percutaneous ablation
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and endovascular-directed therapy have emerged as
adjuncts or alternatives to other forms of treatment in this
population.

high-impact research trends that will effect treatment
in upcoming decade.
Before beginning, it is important to note that
the diagnosis, staging, treatment, and follow-up
of patients with CRC is optimally done not just in a
multidisciplinary, but truly an interdisciplinary setting.
[4]
For example, there is strong international consensus
that an interventional oncologist should be a standing
member of the institutional colorectal metastasis tumor
board, because access to ablation is still uneven and
advice given to patients does not always originate with
an interventional oncologist qualified in percutaneous
[4]
ablation .
Moreover, as physicians we must acknowledge
that evidence-based medicine cannot aid all of our
medical decisions. This is because the majority of
methodologically sound studies serve the purpose of
promoting a single intervention in a controlled clinical
trial with exacting patient selection criteria. “Real-world”
patient scenarios rarely fit into the sterile criteria of
randomized controlled trials.
Finally, when proposing treatments, we must
remember the impact on quality of life. Quality of
life remains under-represented in evidence-based
medicine.

Sag AA, Selcukbiricik F, Mandel NM. Evidence-based medical
oncology and interventional radiology paradigms for liverdominant colorectal cancer metastases. World J Gastroenterol
2016; 22(11): 3127-3149 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i11/3127.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i11.3127

INTRODUCTION
Cancer is the second most common cause of
death in the United States, and may surpass heart
diseases (the most common cause) within the next
[1]
decade . Cancers of the gastrointestinal tract include
esophagus, stomach, small intestine, colon, rectum,
and anus. If not only by anatomic proximity, cancers of
the colon and rectum have traditionally been grouped
as colorectal cancer (CRC). However, a growing body
of work discriminates colon and rectum cancers
on the basis of: (1) differing oncogenic molecular
mechanism - microsatellite/chromosomal instability vs
[2]
microsatellite stability/TP53/APC/β-catenin pathway ;
(2) different metastatic patterns - rectal cancer can
spread directly to the lungs without going through the
liver because the inferior rectal veins drain directly
into inferior vena cava; and (3) different treatment
approaches for the primary tumor - for example,
rectal cancer often involves radiation therapy early
in treatment, which can confound studies trying to
determine the effects of chemotherapy in this time
period.
In the future, perhaps new subcellular insights will
continue to discriminate our treatment approaches for
metastases from colonic primaries vs rectal primaries.
Until then, the term metastatic colorectal cancer
(mCRC) persists in the literature and in ongoing clinical
trials.
Fewer people are being diagnosed with CRC than
before. This is because screening colonoscopy allows
removal of lesions while they are still pre-cancerous.
For example, in the United States, where screening
colonoscopy use has increased from 19% to 55% in
[3]
adults aged 50-75 years , the incidence of colorectal
cancer declined by at least 4% per year as recently as
[1]
2008-2011 .
Colon cancer is curable, but only if detected early.
Unfortunately, many patients have distant metastatic
disease at the time of presentation, for example 20%
of patients in the United States have distant metastatic
[1]
disease at presentation .
Therefore, this report aims to summarize current
state-of-the-art treatment options for these patients,
and to set forth the new frontiers in treatment and

WJG|www.wjgnet.com

MEDICAL ONCOLOGY APPROACH TO
METASTATIC COLORECTAL CANCER
In 1957, Dr. Charles Heidelberger synthesized the
cytotoxic agent 5-fluorouracil (5-FU). Since then
and especially over the last four decades, therapies
including 5-FU have remained the mainstay of
treatment for patients with stage Ⅲ colon cancer.
There is level Ⅰ evidence for this. Indeed, the basis for
5-FU (usually given with folinic acid (FA) intravenously
for a 6-mo treatment period) is founded in pooled data
from seven randomized controlled studies showing that
patients receiving 5-FU/FA after resection of stage Ⅱ
or Ⅲ colon cancer have increased 5-year disease-free
survival (DFS) (67% vs 55%) and overall survival (OS)
(71% vs 64%). Of note, for rectal cancer, although
we believe that the benefit of 5-FU should be similar,
concurrent radiation therapy often confounds studies
for these patients and the available evidence is weaker
at this time.
For a long time, 5-FU was the only available option.
Currently, 5-FU alone is considered best supportive
care in palliative situations. This is because several
new medications have been developed and supported
with level Ⅰ evidence after the turn of the century. It
is now a very exciting time for systemic therapy of
mCRC.

Current state-of-the-evidence

The goals of treatment determine the role of systemic
agents. Treatment goals for patients with mCRC can
be classified as: (1) curative (sometimes referred to
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Table 1 Chemotherapy for advanced or metastatic disease (NCCN and ESMO guidelines)
Options for

Options for therapy

Options for therapy

Initial therapy
FOLFOX +/- bmab or cetux/pmab1
CAPOX +/- bmab or cmab/pmab1

After first progression
Irinotecan +/- bmab or aflib or cmab/pmab1
FOLFIRI +/- bmab or aflib or cmab/pmab1

FOLFIRI +/- bmab or cmab/pmab1

FOLFOX +/- bmab
CAPOX +/- bmab
Irinotecan + cmab/pmab1

After second progression
Irinotecan + cmab or pmab1
Regorafenib
Clinical trial
Best supportive care
CAPOX
FOLFOX
Irinotecan + cmab/pmab1
Regorafenib
Clinical trial
Best supportive care
Irinotecan + cmab/pmab1
FOLFOX
CAPOX
Regorafenib

Bmab + 5-FU/LV or Cape or FOLFOXIRI

Bmab + FOLFOX/FOLFIRI/Irinotecan/CAPOX
Bmab + Irinotecan + Oxaliplatin
Aflib + FOLFIRI/Irinotecan
Irinotecan + cmab/pmab1
Regorafenib

1

(KRAS/NRAS WT gene only). Bmab: Bevacizumab; Cape: Capecitabine; Cmab: Cetuximab; Pmab: Panitumumab; Aflib: Aflibercept.

as “resectable” or “operable”); (2) potentially curative;
(3) non-curative with active treatment intent (most
patients fall into this group); and (4) non-curative with
palliative intent (best supportive care)
As previously described, the liver is the most
common site of hematogenous metastases for
gastrointestinal tumors colorectal liver metastases
(CLMs). Other common sites are lungs, peritoneum,
lymph nodes, bones, and the central nervous system.

combined approach, includes same-session primary
and CLM resection. Finally, the reverse approach places
CLM resection before colon tumor resection. Brouquet
[10]
et al
showed no significant difference in survival
among these three groups. The combined approach
[11-13]
has a higher risk of postoperative complications
.
What happens when neoadjuvant chemotherapy
is too successful? The problem of disappearing
metastases becomes a big issue in patients who are
potentially curable but receiving neoadjuvant therapy.
The incidence of disappearing metastases (complete
[14-19]
radiological response) can be as high as 38%
.
Unfortunately, the natural history of patients with
disappearing metastases is unknown. What is known
is that microscopic disease is expected in up to 80%
[14,16-19]
of patients with disappearing metastases
Placement of a fiduciary marker by an interventional
oncologist should be considered for patients with
metastases at risk of disappearing.
Patients who are resectable will often receive
approximately 3 mo of neoadjuvant and 3 mo of
adjuvant chemotherapy under the combined surgical
approach, for example. Although the number of
combinations is vast (Table 1), FOLFOX-4 (folinic
acid, fluorouracil, oxaliplatin) is a standard first-line
treatment with three recent landmark studies that
constitute the frontier for neoadjuvant chemotherapy
in patients treated with curative intent.
The most recent landmark study for perioperative
chemotherapy was published in 2013. EORTC 40983
(funded in part by Sanofi-Aventis, the makers of
oxaliplatin) was a phase Ⅱ study that asked the
question “In patients with resectable CLM, does
neoadjuvant plus adjuvant FOLFOX4 improve OS at 8.5
years follow-up” The answer to this was no. However,
the FOLFOX4 group did show improved progressionfree survival (PFS) in the intergroup trial short-term
[20]
data from EORTC 40983 .

Treatment of the resectable patient (curative intent)

According to the surgical literature, up to 25% of
patients diagnosed with CRC are found to have
[5,6]
synchronous CLMs . Up to 50% of patients without
CLM at presentation will develop CLM during their
[7]
lifetime . In about one third of patients with mCRC,
metastatic disease appears confined to the liver; about
one third of these patients are deemed resectable by
expert liver surgeons. Of those who get surgery, about
25% are cured (live for 10 years and do not have
recurrence) while 10% are long-term survivors up to 5
[8,9]
years post-resection with recurrence .
As a result of the success of modern surgery (staged
resections, newer vascular reconstruction techniques,
assistance from complex hepatic interventional
radiology), the terms resectable and unresectable
will probably become outdated as we move towards
a clinical decision of who will benefit from surgery
(curative intent) and who will not (uncurable). Cure is
most commonly defined in the literature as survival of
10 years with no recurrence.
There are three surgical approaches around which
systemic treatment will be designed. The classic
approach is resection of the colorectal primary,
followed by adjuvant chemotherapy, then CLM
resection. However, patients can decompensate
between surgeries and may miss the opportunity
for CLM resection. More commonly used today, the
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Can neoadjuvant chemotherapy facilitate resection?
The concept of anti-epidermal growth factor receptor
(EGFR) agents combined with chemotherapy was
studied in the CELIM phase Ⅱ study (funded in part by
Merck-Serono, the makers of cetuximab) which asked
“In patients with resectable CLM, does neoadjuvant
cetuximab plus FOLFOX/FOLFIRI increase resectability
compared to historic controls?” The answer was
yes; resectability rates increased from 32% (22/68
patients) to 60% (41/68) after chemotherapy (p <
0.0001). Cetuximab is a monoclonal antibody that
[21]
targets EGFR .
Moreover, OPUS, a phase Ⅱ study (funded in part
by Merck-Serono, the makers of cetuximab) showed
that adding cetuximab to FOLFOX in chemotherapynaïve patients increases the response rate and time to
cancer progression compared to chemotherapy alone.
Only patients who were KRAS wild type were found to
benefit from cetuximab, but this is expected because
KRAS mutant cells send growth signals independent of
[22]
EGFR activation .

was established in the PRIME study showing significant
[25,26]
PFS increase (9.6 mo vs 8 mo)
.

Treatment of the patient with limited extrahepatic
disease

These patients will most commonly have three or fewer
lung metastases or peritoneal implants. This remains
an area of controversy. The surgical (or ablative)
control of these lesions remains understudied, as does
the role of systemic therapy in these patients.

Treatment of the unresectable patient

Despite all modern efforts described above, < 5% of
all patients with mCRC will be cured; usually due to
relapse before reaching 10 years of DFS. Moreover,
[5,26]
the 5-year OS for patients with mCRC is 7%
. The
goal of care from these patients moves from cure to
control.
The paradigm shift in treating these patients
will be demonstrating the impact of liver-directed
therapies in the context of extrahepatic disease. It
makes sense that the vast synthetic and filtration
functions of the liver (a vast understatement of the
complex biophysiology of this organ) serve a vital role
in patient morbidity and mortality. Stated differently, it
makes sense, but has not yet been rigorously proven,
that patients with widespread mCRC benefit from a
focus on the CLM, whether it be with chemotherapy
or locoregional treatments (to be discussed later).
Moreover, the liver especially makes sense for mCRC
(especially colon cancer metastases) given the
predictable metastatic pattern for these tumors.
Globally, contemporary standard of care is the
use of doublet or triplet regimens. Doublet regimens
involve combination of irinotecan and oxaliplatin (which
[27]
[28-31]
is not useful alone ) with 5-FU/leucovorin (LV)
.
All trials comparing first-line combination superiority
between oxaliplatin and irinotecan have shown
[32,33]
[34]
equivalent survival. Capecitabine
, S1 , and UFTtegafur are oral fluoropyrimidines with established noninferiority to 5-FU, and can be used in doublet/triplet
combinations based on toxicity profiles. Specifically,
CAPIRI and FOLFIRI had similar efficacy and adverse
event profiles in a meta-analysis of the six major trials
[35]
available . Randomized controlled trials on triplet
and quadruplet regimens are forthcoming, but the
quadruplet regimens stand the risk of being limited by
toxicity.
Unfortunately, de Gramont and the GERCOR group
showed that the majority of patients treated with
continuous FOLFOX will discontinue for neurotoxicity
before progression. OPTIMOX 1 showed that an
“oxaliplatin holiday” with just infusional 5-FU could
be used to gain maximal time on oxaliplatin and
reach progression before abandoning the drug (so
called “stop and go” oxaliplatin regimen). OPTIMOX
2 aimed to study whether the infusional 5-FU was
even necessary, but remained underpowered with 216

Treatment of the potentially operable patient

Response rates to modern chemotherapy have
increased up to 60%-70%, and initially unresectable
patients who are closely followed by their specialists
during chemotherapy may become surgical candidates.
The concepts of down-sizing and down-staging”
follow from the above discussion; if surgery is currently
our only modality that is shown to be potentially
curative, then we need to work to convert unresectable
patients to surgical candidates with neoadjuvant
chemotherapy (or interventional oncology methods, to
be discussed later).
Importantly, chemotherapy can induce steatosis,
fibrosis, and functional liver derangements, which
need to be factored in to the regimen planning. For
example, even a short 3-mo course of oxaliplatin
regimens (e.g., FOLFOX) increase liver morbidity after
[20]
hepatic resection, as shown by Nordlinger et al
in
the EORTC Intergroup 4098 trial.
Currently the strongest evidence guiding chemo
therapy selection for these patients is randomized
phase Ⅲ data showing that KRAS wild-type subgroups
have the highest RECIST (radiological) response rates
for EGFR inhibitors (cetuximab). Therefore, triple
therapy using cetuximab in addition to irinotecan
[23]
(CRYSTAL study)
is probably the best choice
for patients with a goal of downsizing for potential
resection. Furthermore, in a randomized controlled
[24]
trial of 138 unresectable patients, Ye et al found that
cetuximab combined with chemotherapy improved
resectability (25.7% vs 7.4%, p < 0.01) of liver
metastases and improved 3-year OS (41% vs 18%, p
= 0.013) compared with chemotherapy alone. Of note,
panitumumab is a humanized version of cetuximab
that simply has a different dosing schedule and can be
used in the case of cetuximab allergy. Panitumumab
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patients once bevacizumab was approved in France,
which effectively dismantled OPTIMOX 2. Nonetheless,
patients receiving maintenance therapy had improved
PFS and OS.
Doublet regimens are often enhanced with a choice
of two additional targeted biological agents that benefit
from specificity and reduced toxicity profiles (but
can be cost-prohibitive). These are an anti-vascular
endothelial growth factor (VEGF) monoclonal antibody,
bevacizumab, and another monoclonal antibody
targeted for the human epidermal growth factor
receptor (HER-1 or EGFR).
[36]
In the second line, the phase Ⅲ VELOUR trial
showed that FOLFIRI plus aflibercept (a fusion protein
of human IgG Fc1 and VEGF receptors 1 and 2 that
functions as a VEGF-trap and blocks all human VEGF-A
isoforms, VEGF-B, as well as placental growth factor
PIGF-2) provided significant survival advantage,
which was even seen in patients with resistance at
prior bevacizumab (a pure VEGF ligand inhibitor as
opposed to a VEGF trap) treatment. The European
TML study showed that patients who progressed on
first-line chemotherapy plus bevacizumab benefitted
from having bevacizumab included in their secondline chemotherapy as well, with significant PFS and
OS differences (5.7 mo vs 4.1 mo and 11.2 mo vs
[37]
9.8 mo, respectively) . In a related study, the RAISE
study (presented at ASCO 2015) showed that secondline FOLFIRI ramucirumab (a human IgG1 monoclonal
antibody targeting the extracellular domain of
VEGFR-2) also leads to a statistically significant
improvement in OS in comparison to FOLFIRI plus
bevacizumab (13.3 mo vs 11.7 mo, respectively).
[38]
In the salvage setting, the CORRECT trial
stands
out as a landmark trial, where regorafenib (an oral
multikinase inhibitor) showed a significant survival
advantage compared to best supportive care. The
newest frontier in this setting was announced at
2015 ASCO GI with famitinib, a multi-target receptor
tyrosine kinase inhibitor primarily acting against
angiogenesis which had favorable phase Ⅰ data, with
further studies forthcoming.

patients increased progression-free (7.3 mo vs 4.7
mo) and overall (12.9 mo vs 10.8 mo) survival. The
TML study has been described above but supports
continuation of bevacizumab in the second line. As
[36]
described above, VELOUR
added aflibercept to the
list of medications with phase Ⅲ survival improvement
[40]
data in the second line. As above, EPIC showed that
cetuximab improved PFS (4 mo vs 2.6 mo) in patients
with EGFR-expressing tumors.
Data regarding third-line therapies are relatively
slim. Regorafenib was studied in the CORRECT trial as
detailed above, and shown to improve OS in patients
progressing on anti-EGFR therapy (6.4 mo vs 5 mo).
This comes at the risk of hand-foot syndrome which
[38]
can be seen with regorafenib .

Treatment of patients with recurrent or progressive
disease

The benefits of chemotherapy will become more
established for patients with stage Ⅱ tumors that
are high risk (lymphovascular invasion/emergent
presentation with obstruction or perforation/poor
differentiated/T4 N0). Already there is level Ⅰ evidence
for survival benefit with chemotherapy for stage Ⅲ
tumors.

SUMMARY: MEDICAL ONCOLOGY
Somatic mutation testing at initial tissue diagnosis

KRAS and BRAF at a minimum, in the future multigene testing systems for targetable mutations.

For advanced metastatic disease, chemotherapy-first as
opposed to surgery-first

As CRC approaches designation as a chemosensitive
disease, and is increasingly facilitated by palliative
endoluminal stenting for concurrent obstruction,
surgery will be used less frequently as the first
[41,42]
treatment
.

More removal of the primary tumor in systemic disease

In the correct patient population, there is increasing
evidence that, even in systemic disease, removal of the
primary tumor improves survival. This is retrospective
at this point.

Metastatic equivalents

The concept that heavy node-positive disease at
primary resection may be treated as if the patient has
distant metastases.

Stage Ⅱ colorectal cancer patients

As chemotherapy improves, patients are now living
longer. Median survival now exceeds 30 mo, with many
patients living up to 4-5 years with advanced disease.
In fact, patients are living so long that we must begin
to consider the cumulative toxicities from multiple lines
[39]
of chemotherapy .
The contemporary approach for patients who
progress on doublet therapy is to “flip the doublet”,
that is, irinotecan and oxaliplatin based doublets are
interchanged. The E3200 study showed that adding
bevacizumab to the second-line in bevacizumab-naïve
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Table 2 Highlights of ongoing clinical trials (National Cancer Institute) regarding systemic treatment for metastatic colorectal cancer
Protocol ID

Principle investigator

NCT02149108
NCT02305758
NCT02060188

Boehringer Ingelheim
AbbVie
Bristol-Myers Squibb

NCT02119676
NCT02260440
NCT01661972
NCT02168777
NCT02079740
NCT00940316
NCT01985763
NCT01471353
NCT01750918

Phase, purpose, and relevance

Phase Ⅲ study of salvage nindetanib
Phase Ⅱstudy of first-line veliparib (PARP inhibitor) added to FOLFIRI +/- bmab
Phase Ⅱ study of nivolumab (anti-PD1 antibody) +/- Ipilimumab in recurrent and
microsatellite high (MSI-H) colon cancer
Incyte
Phase Ⅱ study of salvage ruxolitinib (a JAK1 and JAK2 inhibitor) in combination with
regorafenib
University of Pittsburgh
Phase Ⅱ study of salvage pembrolizumab (anti-PD1) in combination with azacitidine
Duke University Medical Center
Phase Ⅰ/Ⅱ study of capecitabine plus aflibercept (“X-TRAP study”)
Bayer
Phase Ⅰ/Ⅱ study of remafetinib with regorafenib
National Cancer Institute, United States
Phase Ⅰb/Ⅱ study of trametinib (a MEK inhibitor) and navitoclax (BCL-2 Family
Inhibitor) in KRAS mutant advanced tumors
Genentech, OSI Pharmaceuticals, Amgen Phase Ⅰ/Ⅱ study of dual epidermal growth factor receptor inhibition With Erlotinib and
Panitumumab with or without chemotherapy
Mt. Sinai School of Medicine, New York City Phase Ⅰ/Ⅱ study of first line genistein (a soy derivative that interrupts Wnt signaling) in
addition to standard regimens
University of Florida
Phase Ⅱ study of salvage sorafenib plus capecitabine (SorCape)
GlaxoSmithKline
Phase Ⅰ/Ⅱ study of trametinib and dabrafenib in combination with panitumumab in
BRAF-mutation V600E colorectal cancer and in patients with resistance to prior antiEGFR therapy

for hepatocellular carcinoma (HCC) per the BCLC
(Barcelona Clinic Liver Cancer) Criteria that are
widely endorsed by scientific organizations including
EASL, ESMO, and AASLD (European Association for
the Study of the Liver, European Society for Medical
Oncology, and the American Association for the Study
of Liver Diseases, respectively). Moreover there is level
1 evidence to support the use of chemoembolization
in HCC patients. Level 1 evidence is a high quality
randomized trial or prospective study, including
systematic reviews of other level 1 studies.
Interventional oncology therapies have provided
treatment options for patients in the salvage setting
with low volumes of healthy liver parenchyma,
for example, patients with underlying cirrhosis,
steatohepatitis after multiple lines of chemotherapy
and/or prior extensive hepatic resection. Importantly,
outcomes in the salvage setting should not be used
as a benchmark for the outcomes of all interventional
oncology therapies. This is because: (1) studies of
interventional oncology patients in the salvage setting
commonly suffer from severe selection bias, including
poorer baseline performance status; and this limits
external generalizability of these studies; and (2) the
tumor biology of salvage patients is categorically worse
(greater accumulation of tumor DNA mutations, more
aggressive behavior) after multiple lines of treatment
compared to patients receiving first-line therapies.
Interventional oncology combines a utilization
of local and locoregional therapies. Local therapies
are treatments directed at tumors we can see on
imaging and target with resection, intraoperative
ablation, or percutaneous ablation. However, it is no
longer controversial that patients with macroscopic
CLM also must be assumed to have microscopic
CLM. Locoregional therapies (for example yttrium-90
radioembolization, and chemoembolization) allow

INTERVENTIONAL RADIOLOGY
APPROACH TO MCRC
Standing at the forefront of minimally invasive cancer
therapies, interventional oncology is positioned
alongside medical oncology, radiation oncology, and
surgical oncology as one of the four pillars of care
for the patient with cancer. Interventional oncology
is the super-specialization of interventional radiology
sub-specialists in the care of the patient with cancer.
Interventional oncology physicians bring a clinical - not
purely technical - approach to patient care and are a
key component of multidisciplinary cancer treatment
teams.
The interventional oncologist uses therapies that fall
into two main categories when treating solid tumors:
ablation and embolization. Ablation is the deposition
of energy into a tumor using percutaneous electrodes,
antennae, or probes with the intent of destroying the
tumor and a margin of normal surrounding tissue.
Embolization refers to the endovascular delivery of
any agent including bland particles, or particle-bound
pharmaceuticals/biological agents/chemotherapy/
radiopharmaceuticals, or even biological agents (for
example, antineoplastic mutant virus pharmaceuticals)
with the intent of a focused volume of distribution
into target tumor with minimal collateral damage to
normal parenchyma, and sometimes a secondary
goal of causing ischemia (although, as described later,
tissue anoxia is sometimes undesirable for example
in radioembolization where the mechanism of tumor
destruction is oxygen free radical formation).
While reviewing the forthcoming data regarding
interventional oncology therapy for mCRC, it is
important to note that ablation is already recognized
[43]
as a curative
modality (the other two curative
modalities being surgical resection and transplantation)
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minimally invasive organ-directed treatment with a
field effect that can result in fewer side effects than
systemic therapy and are less invasive than open
surgery.
The need for interventional oncology in the
treatment of patients with colon and rectum cancer is
increasing. Patients are living longer post-treatment,
developing lesions during survival that need biopsy,
and ultimately recurrence that may require local or
locoregional therapies. Finally, as life expectancy
continues to rise, older patients diagnosed with cancer
will seek treatment even if they are not candidates for
surgery.

and expense, all of which may affect quality of life).
As above, this can be used with the test-of-time
approach.

Interventional radiology and the concept of PFS as a
surrogate of OS

In randomized controlled trials, the gold standard
endpoint is overall survival. However, this endpoint
requires extended follow-up and is often confounded
by subsequent lines of treatment. Even though the
United States Food and Drug Administration (FDA) will
approve treatments based on the endpoint of PFS, it is
becoming less controversial to use PFS as a surrogate
for OS as a primary endpoint in studies in medical
oncology and interventional oncology.
The use of PFS as a surrogate for OS should be
cancer-specific. In this regard, for patients with mCRC
and CLM, liver progression of disease is what will
usually affect survival. In 2002, the FDA approved
SIR-spheres for mCRC CLM on the basis of statistically
significantly improved PFS. Recently, the FDA
published regulation 21CFR813, subpart H allowing the
use of PFS in the accelerated approval of new drugs for
serious illnesses.

Interventional radiology and the “test-of-time” concept

The test-of-time approach is a crucial concept in the
management of mCRC that can spare patients from
unnecessary surgery. This concept was popularized
[44]
by Livraghi et al
in 2003, and sought to ask the
question: for resectable patients awaiting surgery,
what happens if ablation is done first, with the plan
of still taking them to surgery? In their study, ablated
patients who had complete tumor necrosis with
margins [with necrosis defined as non-enhancement
at contrast-enhanced computed tomography (CT)
on postoperative day 1], 98% (52/58) were spared
surgical resection, 23/52 (44%) because they
remained disease free, and 29/52 (56%) because
they manifested with widespread disease. Had these
patients undergone surgical resection, it would have
resulted in unnecessary morbidity because they
would have developed those new liver metastases
anyway. All patients received chemotherapy before
radiofrequency ablation (RFA) unless they refused; in
total, 70/88 patients (80%) received chemotherapy
before RFA.
[44]
To summarize, Livraghi et al
showed that if
RFA with margins can be performed for resectable
oligometastatic CLM, 98% of patients are spared
unnecessary surgery. The concept that today’s
“resectable” will come to mean “ablatable” is a visionary
guiding principle for all interventional oncologists
seeking to treat patients in a percutaneous minimally
invasive fashion.

PERCUTANEOUS ABLATION
Interventional radiology and the concept of an “A0”
ablation

Ablation is defined as the delivery of energy into a
tumor to destroy that tumor. Just like a margin of
normal tissue must be removed for R0 resection, it
makes sense that a margin of normal tissue must be
ablated to perform A0 ablation.
The concept of A0 ablation, as well as objective
criteria to document the performance of it, is a subject
being pioneered at selected centers worldwide, for
example, by work including Interventional Oncologists
Sofocleous, Erinjeri, and Solomon and colleagues at
Memorial Sloan Kettering Cancer Center (MSKCC) in
New York City. For example, immediate post-ablation
biopsy of the peritumoral margin can be evaluated
[45]
using YO-PRO-1 as a biomarker of cell death .
Strategies to document A0 ablation using imme
diate procedural imaging are also being studied but
will benefit from the aforementioned histological
verification prior to rigorous clinical application. Makino
[46]
et al
performed a pilot feasibility study of preablation and post-ablation contrast-enhanced CT [or
magnetic resonance imaging (MRI), respectively]
images, showing that MR fusion provided technically
acceptable image registration for ablation volume
comparison in 86/92 (93.5%) while CT did so for
62/92 (68%), noting that shrinkage of the ablation
zone during the ≤ 28 d between pre- and post-ablation
scans may need attention in future studies. In another
[47]
feasibility pilot study, Rempp et al
showed that
ablation performed under MR guidance can be followed

Interventional radiology and the “chemotherapy
holiday” concept

Ablation is a repeatable and minimally invasive therapy
that is directly complementary to surgical resection
in principle. Induction chemotherapy does not always
result in a complete visual disappearance of all lesions
at imaging. The initial “induction” response of first-line
chemotherapy can be “consolidated” by percutaneous
image-guided ablation in a minimally invasive fashion.
Depending on local practice patterns, the eradication
of visible tumor may allow for the patient to take a
“holiday” from receiving chemotherapy (which can
involve frequent visits to the hospital, side effects,
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with MR thermometry and diffusion-weighted imaging
to document tumoricidal temperatures in real time and
establish the margins of cellular destruction. Finally,
while not FDA-approved for this indication, Mauri et
[48]
al
have performed a substantial pilot study of sulfur
hexafluoride microbubble ultrasound intravascular
contrast for intraprocedural rapid assessment of ablation
volume, showing that contrast-enhanced ultrasound
spared retreatment in 29/93 (31%) of patients who
had incomplete ablation with an approximately 22%
cost reduction for overall interventional treatment. Of
note, unfortunately, gas bubbles seen at routine B-mode
ultrasound during thermal ablation do not indicate
[49]
complete ablation of the gas-emitting region , and
the zone of gas bubbles does not correlate accurately
[49]
with the zone of necrosis .

(or any other radiotracer that emits positrons) is a
powerful technique to target the metabolically active
[50]
portions of tumors. Indeed Shyn et al
have shown
that a reasonable 20-s breath-hold PET acquisition
(shorter than that usual 3-min summed breath-hold
acquisition) can safely be used for intrahepatic lesion
targeting. In practice, it is important to remember that
lead aprons do not block positrons, so in-room time
should be limited once the FDG dose is given. Finally,
not all ablation equipment is MRI compatible but MRI
does provide exquisite anatomic detail, with Rempp et
[47]
al
demonstrating technical success of MRI-guided
ablation in 210/213 lesions (98.6%) when using widebore MR-guided RFA. Especially for patients with large
body habitus, the wide-bore magnet is preferable,
and in practice the patient can be positioned
asymmetrically in the bore to open up space on the
right side of the patient.
Electromagnetic tracking-based image fusion is a
powerful technique combining the spatial/metabolic/
physiological sensitivity and specificity of PET/CT,
contrast-enhanced CT or MRI, with the real-time
imaging and handheld convenience of ultrasound.
Example software provides “plug-and-play” fusion
whereby images from any CD-ROM or PACS can be
registered to ultrasound by the operator by selecting
mutual anatomic landmarks in a series of images. The
magnetic field generator tower that tracks ultrasound
probe positioning may not be compatible with cardiac
pacing devices. Respiratory motion (which can vary
later in the case due to sedatives) remains an issue for
this fusion - the anatomy is fused at a single point in
the respiratory cycle (preferably expiration which lasts
longer than inspiration and provides a longer window
[51]
for needle/probe positioning). Mauri et al
have
performed one of the largest series regarding fusion
guidance during thermal ablation in 295 ablation cases,
demonstrating correct tumor targeting and ablation in
266/295 (90.2%) of cases. Of note, this technology
is most valuable for lesions that are poorly visualized
by ultrasound but require ultrasound for appropriate
positioning (for example liver dome lesions).
Navigation is important to differentiate from
fusion. Fusion simply refers to overlay of two image
sets (usually a real-time ultrasound to a static
hybridized PET/CT for example), which are spatially
registered to vary in the x, y and z axes of ultrasound
scanning. Navigation refers specifically to tracking of
the operator’s instrument (needle/probe/antenna)
in space toward a target and can be performed even
on unfused images. Improved lesion targeting with
navigation systems may one day become the standard
of care, with emerging studies such as that from
[52]
Bale et al
showing that use of an optical frameless
stereotactic navigation system with percutaneous
RFA achieves similar OS and DFS rates as surgical

Image guidance, fusion, and navigation

Guidance options for probe placement include
ultrasound, CT, CT fluoroscopy, positron emission
tomography (PET)/CT, and MRI (with compatible
ablation systems). Augmented reality systems
including fusion imaging and volumetric spatial
navigation are emerging as adjunct technologies.
Ultrasound is well suited for mCRC in the liver
because the lesions are usually conspicuously hypoe
choic relative to the surrounding liver parenchyma.
Using the sensitivity of diffusion-weighted MRI to
detect lesions non-invasively, cognitive fusion with
ultrasound provides the benefits of real-time needle/
probe tracking with the respiratory cycle. Additionally,
ultrasound provides real-time vascular assessment
with Doppler ultrasound as well as omniplanar vector
planning, which is difficult for CT. Intraoperative
ultrasound is especially sensitive for lesion detection.
One unsolved dilemma with ultrasound guidance
during ablation is that water vapor and nitrogen gas
released during tissue boiling (RFA, microwave) or ice
formation (cryoablation) cause acoustic scattering,
acoustic refraction, and acoustic shadowing of an
already-hypovascular lesion. Therefore, given the
option to ablate a deep lesion and a superficial lesion
in sequence, experienced operators ablate the deeper
lesion first to avoid acoustic shadowing of the second
lesion.
Body habitus may limit ultrasound capabilities
because the subcutaneous adipose layer scatters the
otherwise-organized sound waves originating from
the cutaneous piezoelectric crystals, distorting image
quality. This becomes especially important for deep
liver lesions. CT is helpful in this setting. Fluoroscopic
CT can be used to safely guide the needle/probe/
antenna to the target and confirm the zone of ablation.
Iodinated contrast can be given that will provide a time
window of 5 min or less for targeting of inconspicuous
lesions. PET/CT using fluorodeoxyglucose (FDG)
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[54]

resection, directly challenging surgical resection as the
first-line treatment of choice for CLM.

below). For example, Devun et al
have shown that
systemic pretreatment of mice with the DNA repair
inhibitor Dbait improves the efficacy of radiofrequency
ablation.
The literature regarding RFA of CLM is highlighted
in Table 3.

Percutaneous ablation: patient selection

After clinical factors have been addressed, technical
factors guiding patient selection include the following. (1)
the number of tumors is limited, usually ≤ 4 tumors; (2)
the size of tumor appropriate for ablation. There is no
strict absolute cutoff and tumor histology and ablation
technology must be considered. Broadly, 3 cm is not
controversial, while ≤ 5 cm is acceptable. A new frontier
ripe for study is the combination of embolization and
ablation for this patient population, which has already
shown promise for HCC based on data from MSKCC;
and (3) tumor location near major vessels will designate
the ablational at-risk margin regarding incomplete
ablation due to heat sink and current sink (detailed
below) and should prompt percutaneous temperature
probe placement to document tumoricidal temperatures
along the at-risk margin.
Contraindications to ablation include: (1) uncor
rectable coagulopathy; and (2) no safe window for
access vector to the tumor, even after considering
strategic patient repositioning and temporary organ
displacement maneuvers.

Percutaneous cryoablation

Cryoablation uses a special probe applying the JouleThompson principle to argon gas to cause rapid
tissue cooling. Cancer cells contain more water than
non-cancer cells. Freezing leads to the formation
of intracellular ice crystals. At -40 ℃, tissue death
occurs. Early generation devices have limited the
implementation of this modality for the liver due
to adverse event reports of cryoshock, a condition
similar to diffuse intravascular coagulation. Despite
the availability of effective thermal ablation methods
in the liver, cryoablation remains the oldest method
of tumor ablation and has been used with success in
[55-57]
other organs
. Furthermore, the ability to visualize
a clear ablation margin under CT using cryoablation
makes it an attractive option, and for this reason
forthcoming literature regarding cryoablation in the
liver constitutes a new frontier for mCRC CLM.
The available literature regarding cryoablation of
CLM is highlighted in table 4.

Percutaneous RFA

RFA involves delivery of energy with a frequency of
less than 900 kHz using needle electrodes of varying
geometry. The energy agitates ions resulting in
temperature elevation. At 60 ℃, coagulation necrosis
occurs. At 100 ℃, undesirable carbonization occurs,
limiting heat distribution throughout the tumor. Tumors
near blood vessels pose a challenge for RFA, as the
nearby blood flow will remove electrical current and
heat from the ablation zone (heat sink and current
sink). Nearby biliary structures risk stricture formation
as well.
The ideal candidate for RFA is a patient with a
solitary CLM < 3 cm in size. Although rigorous evidence
is forthcoming, it is believed that A0 ablation requires
at least a 5-mm margin of normal tissue (based on
imaging follow-up 1-2 mo post ablation).
Although major literature is forthcoming, the
available retrospective data suggest that carefully
selected RFA patients do just as well as resected
[53]
patients. For example, Gillams et al
showed in their
series of 167 patients undergoing percutaneous RFA,
for patients with ≤ 5 metastases, maximum diameter
≤ 5 cm and no extrahepatic disease, the 5-year
survival from the time of diagnosis was 30%, and the
5-year survival from the time of first RFA was 26%.
This compares favorably to the 5-year survival for
operable patients of a median of 32%.
Future frontiers with RFA will include pre-medication
or pre-embolization (see Bland Embolization section
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Percutaneous microwave ablation

Microwave ablation (MWA) was developed to overcome
limitations with RFA. MWA uses high-frequency waves
(900 MHz and 2.4 GHz) to oscillate water molecules,
creating friction, tissue heating, and tissue destruction
by coagulation necrosis. MWA does not rely on
electrical current to generate heat, and therefore a
current sink is not an issue. Due to the power of the
microwave generator, MWA can overcome the heat
sink even if it does not fully avoid it. MWA is superior
to RFA in treating larger tumors, with lower recurrence
[58]
rates (as low as 6%) .
There is only one randomized trial comparing MWA
to resection in mCRC patients with CLM. No statistically
significant difference was found as the study was
underpowered (40 patients). The mean survival time
was greater in the MWA group (27 mo vs 25 mo) while
the mean disease-free interval was slightly shorter
[59]
(11.3 mo vs 13.3 mo) . The available literature
regarding MWA of CLM is highlighted in table 5.

Percutaneous irreversible electroporation

irreversible electroporation was developed to overcome
limitations presented by thermal ablation (RFA and
MWA), namely, collateral damage to bile ducts or other
important structures that could be damaged due to
heat. irreversible electroporation is a new technology
and much of the data is forthcoming. Studies that have
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Table 3 Highlights of radiofrequency ablation literature for colorectal liver metastases
Ref.

Level of
evidence

Year

Study details

1 yr
OS%

3 yr
OS%

5 yr
OS%

1

Ⅱ-2

2004

91

28

25

Hildebrand et al[108]

Ⅱ-2

2006

92

42

Siperstein et al[109]

Ⅱ-2

2007

Berber et al[110]

Ⅱ-2

2008

Veltri et al[111]

Ⅱ-2

2008

Gleisner et al[112]

Ⅱ-2

2008

1

Ⅱ-2

2009

Sofocleous et al[114]

Ⅱ-2

2011

Solbiati et al[115]

Ⅱ-2

2012

Bale et al[52]

Ⅱ-2

2012

Prospective, 167 patients
Percutaneous (ValleyLab)
Mean 4 lesions
Mean 4 cm max diameter
Prospective, 88 pts/420 lesions
Percutaneous (RITA/ValleyLab)
Mean 3.5 lesions
Median 2.7 cm max diameter
Prospective, 234 patients
Laparoscopic
Mean 3 lesions
Median 4 cm max diameter
Prospective, 68 pts/68 lesions
Laparoscopic
All solitary lesions
Median 3.7 cm max diameter
Retrospective, 122 pts/199 lesions
Percutaneous (RITA/ValleyLab
/LeVeen)
Mean 1.6 lesions
Median 3 cm max diameter
Prospective, 66 patients
Intraoperative (RITA)
Median 2 lesions
Median 3 cm max diameter
Prospective, 309 pts/617 lesions
Percutaneous (Covidien/RITA)
Mean 4 lesions
Median 2.3 cm max diameter
Prospective, 56 pts/71 lesions
Percutaneous (LeVeen/Valleylab/
RITA)
Mean 1.4 lesions
Median 1.9 cm max diameter
Retrospective, 99 pts/202 lesions
Percutaneous (Covidien)
Mean 2 lesions
Mean 2.1 cm diameter +/- 0.75 cm std
deviation
Retrospective, 63 pts/189 lesions

Gillams et al[53]

Gillams and Lees[113]

Hamada et al[116]

Ⅱ-2

10 yr
OS%

Median OS
(mo)

Procedurerelated
complications

38

< 1% (1/167)

28

3.4% (3/88)

Not reported

20.2

18.4

24

20.6

30

20.5

2.9% (2/68)

79

38

22

31.5

1% (2/199)

92.3

51.1

28.3

38.1

Not reported

49

24

36

3.7% (23/617)

31

4% (2/56)

91

41

98

69.3

47.8

87

44

27

90.6

44.9

20.8

Percutaneous (Covidien) with Treon
Navigation
Mean 2 lesions
Mean 2 cm diameter
2012
Retrospective 84 pts/141 lesions
Percutaneous (Valleylab)
Mean 1.7 lesions
Mean 2.3 cm max diameter +/- 1.4 cm

7 yr
OS%

25

18

53.2

27 mo for
unresectable
patients,
58 mo for
resectable
patients
(P = 0.002)
34.9

1.3% (2/156)

17% (17/98)

2.2% (3/138)

1

Partially redundant series. Level of Evidence based on the United States Agency of Healthcare Research and Quality Classification of Levels of Evidence.
OS: Overall survival.
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Table 4 Highlights of cryoablation literature for colorectal liver metastases
Ref.

Level of Year
evidence

Rivoire et al[117]

Ⅱ-2

2002

Yan et al[118]

Ⅱ-2

2003

Brooks et al[119]

Ⅱ-2

2005

Niu et al[120]

Ⅱ-2

2007

Paganini et al[121]

Ⅱ-2

2007

Ng et al[122]
(Part 1)

Ⅱ-2

2012

Ⅱ-2

2012

Ⅱ-2

2014

Ng et al[122]
(Part 2)

Shyn et al[123]

Study details

1 yr 3 yr 5 yr Median OS
OS% OS% OS%
(mo)

Retrospective, 24 patients, 69 lesions
Laparotomy (Erbokryo CS-6)
10-15 min freeze, 5 min thaw, 5-10 min freeze,
occasionally with Pringle maneuver
Mean 3 lesions
Mean 4.5 cm max diameter
Prospective, 172 pts/420 lesions
Laparotomy (L.C.S. 3000/Erbe)
1 cm margin, freeze-partial thaw-freeze
Mean 4 lesions
Median 3.6 cm max diameter

92

58

89

41

Prospective, 93 patients
Laparotomy (L.C.S. 3000/Erbe)
Median 2 lesions
Prospective, 124 pts/124 lesions
Laparotomy (L.C.S. 3000/Erbe)

85

84

Procedure-related
Complications

39

21% (5/24) had iceball
fracture, successfully
treated with suture (all
cryoablation performed at
laparotomy)

19

28

43

19

33

43

24

29

28% (48/172) (all
cryoablation performed
at laparotomy, not
percutaneously)
Gelfoam packed into every
tract
Cryoablation-related
complications not
specifically reported
Not reported
Gelfoam was packed into
every tract

1 cm margin, freeze-partial thaw-freeze
For lesions > 3 cm, two probes always used
Mean 4 lesions
Mean 4 cm max diameter
Retrospective, 49 pts
87
43
23
31
Laparotomy (CMS AccuProbe/Erbe)
Mean 5 lesions
Median 3 cm max diameter
Retrospective, 211 pts
87
21
12
27
Laparotomy (L.C.S. 3000/Erbe)
Single-freeze thaw performed except for “smaller”
lesions where partial double freeze-thaw performed
Mean 4.4 lesions
Mean size 4 cm
87
31
17
34
Retrospective, 93 pts
Laparotomy-assisted cryoablation of inadequate
resection margins as determined by operator; (L.C.S.
3000/Erbe)
Mean 2.2 lesions
Local progression at a mean
Mean lesion size 5.7 cm
interval of 30.3 mo (range 13-72
Retrospective, 39 patients, 54 lesions
mo) was seen in 14/54 patients
Percutaneous (Galil)
(26%). Survival not reported
Median 4 probes (range 1-7) each 17 Gauge, 15 min
freeze, 10 min passive thaw, 15 min freeze cycle
Mean 1.4 lesions
Mean lesion size 3 cm

22% (11/49)

Cryoablation-related
complications not
specifically reported

Cryoablation-related
complications not
specifically reported

Not reported

Level of Evidence based on the United States Agency of Healthcare Research and Quality Classification of Levels of Evidence.

Response Evaluation Criteria in Solid Tumors.
The treatment team should be aware that there
is one major nuance to the application of all of these
criteria. With percutaneous ablation, the ablation
creates a volume of imaging abnormality larger than
the target tumor. Therefore, for proper evaluation of
response to treatment and early detection of local
tumor progression, a post-ablation scan at 4-8 wk is
considered the new baseline for future comparisons.
The next scan can be timed for 2-4 mo, and will be
used to detect local, near local, and distant disease
progression. Ideally the interventional oncologist
should see these patients in their clinic and review
imaging directly with the patient.

included mCRC patients with CLM have shown primary
efficacy of up to 100% for tumors adjacent to vascular
[60-63]
and biliary structures
. In this setting, similar to
[59]
that shown in the microwave setting
a tumor size
of ≥ 3 cm seems to be an independent risk factor for
local recurrence.

Post-ablation patient follow-up

The exact timing and modality of follow-up imaging
after ablation varies on an institutional basis. There
are three main systems used in evaluating treatment
response by these patients: the World Health
Organization criteria, the Response Evaluation Criteria
in Solid Tumors and the Positron Emission Evaluation
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Table 5 Highlights of microwave ablation literature for colorectal liver metastases
Ref.

Level of
evidence

Year

Study details

1 yr
OS%

3 yr
OS%

Shibata et al[59]

Ⅱ-1

2000

71

14

Liang et al[124]

Ⅱ-2

2003

91.4

46.4

29

20.5

4% (3/74) skin burns (in patients
with tumors with extracapsular
extension)

Tanaka et al[125]

Ⅱ-2

2006

Prospective, randomized, 14 pts, 58 lesions
Laparotomy (Azwell HSD-20M)
Mean 4 lesions
Mean 2.7 cm
Retrospective, 74 patients, 149 lesions
Laparotomy (Microtaze AZM-520)
Mean 2 lesions
Mean 0.8 cm max diameter
Retrospective, 16 patients, 35 lesions
Laparotomy (Microtaze AZM-520)
Mean 2 lesions
Mean 0.8 cm max diameter

80

51

17

28

19% (3/16) Bleeding, biliary
fistula, wound infection. (all
patients underwent MWA via
laparotomy, none percutaneous)

Median
OS (mo)

Procedure-related complications

27

14% (2/14) - one biliary fistula
and one hepatic abscess

the best imaging technologies currently in use have
a liver resolution in the order of millimeters at best.
In other words, in order to see a tumor by imaging,
7
10 cancer cells must be present. Even using the only
mainstream molecular imaging technology of PET,
6
this is reduced at best to 10 cells. Furthermore, there
is a growing body of research regarding circulating
tumor cells. In summary, there is an opportunity to
benefit patients if we recognize that microscopic tumor
probably plays a role in tumor recurrence or treatment
resistance. The EORTC Intergroup Trial 40983 showed
that, of resectable patients (1-4 visible metastases)
who underwent surgery, 70% developed intrahepatic
recurrence at 3 years (long-term follow-up). Thus the
burden of micrometastatic disease can be estimated
to be approximately 70% in patients with mCRC and
resectable CLM.
Locoregional therapies expand on local therapies
by treating the field of parenchyma surrounding
tumors. A mystery in oncology is why liver metastases
(presumably reaching the liver via the portal vein)
derive most or all of their blood from the hepatic
artery. However, interventional oncologists depend
on this fortuitous anatomical relationship to deliver
particles to the tumor blood supply in a selective
fashion while sparing nearby normal parenchyma.
If particles are delivered, this procedure is called
embolization.
CLMs are usually hypovascular relative to the
normal nearby liver parenchyma. If an arterially
directed therapy depends on flow-directed embolization
(whereby particles preferentially enter the tumor
vasculature due to their usually increased blood flow),
can it still benefit patients with hypovascular CLMs?
The brief answer is yes, although the hemodynamics
and vascular fluidics of microparticle delivery in this
setting have not yet been fully established.
Locoregional therapies carry the benefit of treating
the field, that is, treating micrometastases that are not
yet visible using current imaging technology.
There are four settings in which arterially directed

SUMMARY: PERCUTANEOUS ABLATION
Immunomodulation is the next major topic in ablation
research. The underlying mechanisms are already
[64]
under investigation by Erinjeri et al
at MSKCC and
selected institutions worldwide.
Until immunomodulation mechanisms are deter
mined and translated to the bedside, existing tech
nology will be studied clinically. Based on similar
experiences with level 1 HCC data for interventional
oncology therapies, forthcoming mCRC data will likely
prove that ablation, performed by skilled operators
in carefully selected patients, rivals or outperforms
surgery when accounting for morbidity, cost, and
quality of life of the patient.
Metabolic-imaging guidance during ablation,
as pioneered by Ryan, Sofocleous, Solomon and
colleagues at MSKCC, may become standard of care
for establishing A0 ablation and for anatomically
[65]
challenging marginal ablations .
Patient safety during anatomically challenging
percutaneous ablations will be enhanced by main
stream implementation of image-guided navigation
[66]
systems .
The same tumor biology that affects the outcomes
of medical and surgical treatments will determine the
outcomes from interventional treatments. Therefore,
smaller and fewer tumors, as well as CLM in the
absence of significant extrahepatic disease, and low
nodal involvement of the resected primary tumor
are all positive predictive factors that should guide
interventional oncologists in multidisciplinary tumor
conferences and in the clinic.

ENDOVASCULAR ANTINEOPLASTIC
INTERVENTIONS
The fundamental limitation of local therapies (surgery
and ablation) is that only tumors that are seen
(visually or radiologically) are targeted. However, our
ability to see tumors is limited. For example, even

WJG|www.wjgnet.com
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therapies are commonly used. (1) induction treatment
- downsizing potentially curable patients in preparation
for surgery; (2) combined with percutaneous ablation
- embolization reduces the heat sink and creates
an ischemic tumor environment that is primed for
ablation. If embolization is performed with lipiodol,
an oily embolic, it is thought to greatly enhance heat
delivery to tumor cells. Elnekave and colleagues have
shown that this method equals surgical outcomes
for HCC (not mCRC) up to 7 cm in their series at
[67]
MSKCC ; (3) salvage treatment - high response rates
can be seen by adding arterially directed therapies to
chemotherapy, even in settings where patients have
previously been resistant to the same chemotherapy
agent; and (4) early-line treatment - this concept is
a natural evolution from use in the salvage setting
and follows from organ-directed therapy concepts
previously described. In addition, it is thought that
locoregional therapies can have a greater effect before
reaching a multi-line-resistant tumor with more
aggressive biology. SIRFLOX and FIREFOX trials are
two example studies looking at radioembolization as
an early-line treatment.

infusion of mitomycin C + 5-FU improved OS but
[68]
did not reduce the recurrence of liver metastases .
A subsequent prospective three-arm randomized
multicenter trial of 753 patients with stages Ⅰ-Ⅲ
colorectal cancer (surgery only vs adjuvant portal
vein chemotherapy vs adjuvant peripheral vein
chemotherapy) showed that portal vein infusion did
not improve DFS and OS. Actually, PVI was shown
to have potentially harmful effects with a statistically
[69]
significant increase in early death in the PVI group .
This technique remains investigational at the time of
this report.

Bland embolization

Bland embolization is the injection of particles with
the goal of causing selective tumor ischemia. The
practice has evolved from use of PVA toward the use of
calibrated microspheres in ascending sequential order
of sphere diameter to reach full stasis.
When compared to chemoembolization, there
are no level Ⅰ studies demonstrating superiority
of chemoembolization to bland embolization for
patients with CLM. Proponents of bland embolization
believe that tumor death is caused by anoxia and
that chemoembolization achieves its endpoints
by this route. Bland embolization is thought to be
more repeatable owing to better preservation of
the hepatic arterial vasculature. This may be due to
reduced caustic effect of chemotherapeutic agents
on the intima. Though head-to-head studies are not
available, the ability of bland embolization to facilitate
[70]
extended repeat treatments has been shown . Bland
embolization is cheaper than chemoembolization,
although this cost may be offset by the brief hospital
stay for the management of post-embolization
syndrome (categorized by fevers, chills, nausea, and
abdominal pain), which is more pronounced for bland
embolization than conventional chemoembolization.
Conventional chemoembolization still results in a high
systemic dose of chemotherapeutic agent, which
can result in systemic side effects, although this
has changed with the advent of drug-eluting bead
technologies. The intra-arterial use of outdated or
biologically irrelevant chemotherapeutic regimens (e.g.,
doxorubicin) intra-arterially has been challenged when
these agents are not necessarily used peripherally for
the same tumor. However, with the advent of drugeluting bead irinotecan chemoembolization this has
changed specifically to mCRC as described later.
Bland embolization can be effectively used to “paint”
tumors for post-embolization targeting and ablation
under CT guidance, similar to lipiodol in conventional
transcatheter arterial chemoembolization (TACE).
In the salvage setting, the cumulative toxicities of
TACE chemotherapeutic agent with prior lines of
chemotherapy, as well as possible resistance of
aggressive tumor biology to the chemotherapeutic

Hepatic arterial chemotherapy

Relying on high-first-pass extraction of chemo
therapeutic agent from the bloodstream, hepatic
arterial infusion (HAI) of chemotherapy utilizes a
subcutaneous injection port with a thin intra-arterial
indwelling catheter that has its tip in the proper hepatic
artery at the origin of the gastroduodenal artery.
The port can be placed surgically or percutaneously.
The skeletonization via the percutaneous route is
thought to be more complete although no rigorous
studies have demonstrated this. Maintenance Tc-99
microalbumin aggregate studies and angiograms are
occasionally performed during the dwell time of the
device to ensure there is no extrahepatic drug delivery.
HAI improves OS. This finding supports the
concept of a liver-directed approach in patients with
widespread mCRC, and also supports the concept of
organ-directed approaches for metastatic cancers.
A meta-analysis of six HAI trials showed improved
response rates as well as OS advantage (14.5 mo vs
[8]
10.1 mo, p = 0.0009) .

Portal vein infusion chemotherapy

It would make sense that treatment of the “field”
of radiologically uninvolved parenchyma would
optimally be done via the portal vein, where the
“normal” parenchyma derives the majority of its
blood supply. This procedure is different from portal
vein “embolization”, which is done to hypertrophy a
contralateral lobe prior to resection. The infusion of
portal venous chemotherapy and evaluation of firstpass extraction has been studied. The group SAKK
from Switzerland showed that adjuvant portal vein
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regimens classically used in TACE, may weigh in favor
of the more repeatable bland embolization procedure.
On the new frontiers of bland embolization, in Japan
where they reported DEBIRI and radioembolization
[71]
to be less available, Tanaka et al
have recently
undertaken a pilot study of questions relevant to the
current discussion. First, how does bland embolization,
a flow-directed procedure dependent on causing
ischemia, fare with tumors that are hypovascular (as
colorectal metastases classically are) relative to liver
parenchyma? Second, since bland embolization is
repeatable and preserves hepatic vasculature, can it
be performed less invasively through an implantable
port? Tanaka and colleagues have documented the
effects of 100-μm microspheres on a patient with
metastatic rectal cancer with OS approaching 6 mo,
using no other therapies. Future systematic studies
might specify outcomes of bland embolization in
hypovascular liver metastases.
Another new frontier for bland embolization
will be the pre-ablation embolization setting. For
[72]
example, Tanaka et al have shown in pigs that bland
embolization pre-ablation is more effective than bland
embolization post-ablation, and that bland embolization
with 40-μm microspheres enhances the efficacy of RFA
more than bland embolization with 250-μm particles.
Future work might include embolization with novel
particles.

tumor cells. The chemotherapeutic agent and lipiodol
are prepared in the form of an emulsion in a method
[74]
described by Lo et al
in their randomized trial of
lipiodol TACE for HCC (not mCRC). However there
are other ways to chemoembolize. For example, the
original randomized controlled trial providing level
1 evidence for HCC (not mCRC) was performed
[75]
by Llovet et al
and used gelatin sponge with
doxorubicin (a technique no longer widely performed).
In contradistinction, drug-eluting beads are thought
to be a more reproducible mode of chemotherapeutic
agent delivery, achieving the endpoint of ischemia as
well as a more reliable chemical interaction with the
chemotherapeutic agent and reduced systemic leeching
of chemotherapy. For example, drug-eluting beads
bound to irinotecan were introduced in 2006. DEBIRI
has been shown to reduce systemic plasma levels by
[76]
75% when compared to intra-arterial irinotecan .
Factors that predict adverse events and hospital
length of stay after TACE are embolization to complete
stasis (p = 0.04), treatment with > 100 mg DEBIRI in
a single session (p = 0.03), lack of pre-treatment with
hepatic arterial lidocaine (p = 0.005), third or more
repeated TACE (p = 0.05), > 50% liver involvement (p
[77-82]
= 0.05), and pre-TACE bilirubin of > 2.0 g/dL
.
The only phase 3 randomized controlled trial
[79]
performed thus far by Fiorentini et al randomized 74
patients with mCRC CLM to DEBIRI vs FOLFIRI. The
DEBIRI group had improved survival (22 mo vs 15 mo,
p = 0.031) and higher response rate (68.6% vs 20%)
and longer life (8 mo vs 3 mo, p < 0.001).
[83]
Most recently in 2015, Iezzi et al
have shown
phase Ⅱ study results with DEBIRI + capecitabine
(PFS 4 mo, OS 7.3 mo) that are comparable to those
shown in the CORRECT trial (where regorafenib was
compared to best supportive care in 760 patients with
PFS 1.9 mo and OS 6.4 mo in the regorafenib group).
The available literature regarding TACE of CLM is
highlighted in table 6.

Chemoembolization

The literature regarding chemoembolization is the
strongest of all transcatheter methods. However, it is
important to note that the term chemoembolization
is a vast over-simplification given the variety of
methods used to perform this procedure [including for
example, the choice and dose of chemotherapeutic
agents, endpoint of treatment (stasis, near-stasis, or
neither), conventional vs drug-eluting bead utilization,
and post-treatment embolization with gelfoam or
other methods]. This non-standardization has made
meaningful meta-analysis of the chemoembolization
literature challenging. However, as will be described
later, the advent of drug-eluting beads may standardize
chemoembolization for patients with mCRC CLM.
The premise of chemoembolization is to combine
ischemia and chemotherapeutic penetration for
enhanced (ideally, synergistic) tumor destruction.
Conventional chemoembolization delivers the agent
mixed with lipiodol, which proponents believe
penetrates into the deepest vessels of the tumor
and allows embolization while slowly leeching
chemotherapeutic agent into the tumor. This method
[73]
also causes failure of the transmembrane pump
thought to trap chemotherapeutic agent in cells. This
is sometimes followed by a proximal embolization
to reduce the pressure head of inflow and prolong
the interaction time between the embolic bolus and
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Chemosaturation

Isolated liver perfusion is a complex open surgical
procedure requiring a perfusionist. In contrast, isolated
liver infusion, or chemosaturation is a minimally
invasive equivalent of isolated liver perfusion that
maintains normal hepatic arterial and portal vein
inflow. Instead, the hepatic vein drainage is isolated
and the chemotherapeutic agent is extracted from the
blood (with the newest filtration system extracting
approximately 93% of the melphalan) before returning
the blood to the systemic circulation. The procedure is
performed using triple access (right common femoral
and right jugular vein access for blood extraction/
filtration and re-entry respectively) and left hepatic
artery access (for infusion catheter placement into the
hepatic artery).
The proprietary device used for hepatic chemo
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Table 6 Highlights of chemoembolization literature for colorectal liver metastases
Ref.

Level of
evidence

Year

Study details

Response rate
(SD, CR, PR)

PFS/TTP 1 yr OS 2 yr OS
(mo)

Lang and Brown[126]

Ⅱ-2

1993

63

65%

22%

Hong et al[127]

Ⅱ-2

2009

43%

10%

Vogl et al[82]

Ⅱ-2

2009

62%

28%

14

Albert et al[77]

Ⅱ-2

2011

36%

13%

9

Martin et al[128]

Ⅱ-2

2011

I

2012

Narayanan et al[129]

Ⅱ-2

2013

Iezzi et al[83]

Ⅱ-1

2015

TACE, Doxorubicin
Prospective cohort, 46 patients
TACE, cisplatin + doxorubicin + mitomycin C
Retrospective cohort, 21 patients
TACE, mitomycin C alone or with
gemcitabine vs irinotecan
Prospective cohort, 463 patients
TACE, cisplatin, doxorubicin, mitomycin C
Retrospective cohort, 121 patients
DEB-TACE (DEBIRI)
Prospective cohort, 55 patients
DEB-TACE (DEBIRI)
Randomized Controlled Trial, 74 patients,
DEBIRI vs FOLFIRI
DEB-TACE (DEBIRI)
Retrospective cohort, 28 patients
DEB-TACE (DEBIRI) + Capecitabine
Prospective Phase Ⅱ Trial, 20 patients

Fiorentini et al[79]

63

43

3

75%

Median OS
(mo)

7.7

19

80

7

56%

15

68.6

3

13.3

60

4

7.3

OS: Overall survival; TACE: Transcatheter arterial chemoembolization; TTP: Time to progression.

adenocarcinoma mCRC is 70 Gy. It is important for
interventional oncologists to understand that the
dosimetry of radioembolization cannot be directly
compared to the absorbed dosimetry of external
beam radiation due to differences in radiobiology
between a continuous low dose-rate beta radiation
and intense but brief external beam photon radiation
[85,86]
pulsation
.
In 2002, the FDA approved radioembolization
with SIR-spheres (20-60-μm spheres, while terminal
arterioles are usually 10-40 μm in diameter while
capillaries average 8 μm in diameter for humans, and
[87]
3 μm in rodents) based on a study by Gray et al that
administered resin microspheres through a hepatic
arterial infusion pump (whole liver treatment) in the
context of floxuridine (FUDR) and compared this to
FUDR alone. Tumor volume response (50% vs 24%),
carcinoembryonic antigen response (72% vs 47%),
median liver time to local progression (16 mo vs 10
mo) and survival (39% vs 29% at 2 years, 17% vs 6.5%
at 3 years, and 3.5% vs 0% at 5 years) all reached
statistical significance. There were no significant
differences in grade 3/4 toxicities or quality of life
measures. Unfortunately, the company funding the trial
did not extend this trial until reaching the OS endpoint.
The summary of current evidence for yttrium-90
is that there is a strong trend toward prolongation of
liver PFS, PFS, and the universal endpoint of OS when
yttrium-90 is added to systemic treatments in early
and late lines of treatment based on small randomized
controlled trials. The safety profile of yttrium 90
treatments, especially regarding gallbladder and
biliary complications, has matured over time and this
procedure has very low morbidity when done by well-

saturation is a 16 Fr system made by Delcath and
has two balloons on either side of a 7-cm fenestrated
catheter segment. Delcath performed a Phase Ⅱ
clinical study of melphalan chemosaturation at the
National Cancer Institute in the United States enrolling
16 patients with late-stage CLMs. While the safety
profile was similar to the Delcath melanoma trial, the
efficacy signal from the mCRC study was inconclusive,
mainly because melphalan usage in the salvage setting
was limited due to cumulative toxicities from prior lines
of chemotherapy.
Of note, the isolated hepatic perfusion literature
is more robust, using mitomycin C, oxaliplatin, and
melphalan with and without tumor necrosis factor-α.
[84]
For example, Reddy et al
studied 120 patients and
showed overall response rate of 59% with median
time to hepatic progression of 7 mo and median OS
of 17.4 mo; patients receiving hepatic artery infusion
of floxuridine benefited from a longer time to hepatic
progression (13 mo vs 6 mo). Perhaps this and other
surgical studies will continue to motivate research
into the future outlook of isolated hepatic infusion
(chemosaturation).

Radioembolization

Kennedy, one of the pioneers of the utilization of
radioembolization in CLMs, showed microdosimetry
results of intratumoral radiation delivery up to 1000
[84]
Gy . This dose is made possible by the limited
penetrance of beta radiation. Radioembolization is
generally accepted to deliver 100 Gy to intrahepatic
tumors; a dose that is impossible using external
beam radiation due to radiation-induced liver disease
(which occurs at 30 Gy). The curative dose for
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Table 7 Highlights of yttrium-90 radioembolization literature for colorectal liver metastases
Ref.

Level of
evidence

Year

Kennedy et al[86]

Ⅱ-2

2006

Sharma et al[130]

Ⅱ-2

2007

Benson et al[131]

Ⅱ-2

2013

Lewandowski et al[132]

Ⅱ-2

2014

Sofocleous et al[133]

Ⅱ-2

2014

Gray et al[87]

Ⅰ

2001

Van Hazel et al[90]

Ⅰ

2004

Hendlisz et al[134]

Ⅰ

2010

SIRFLOX[135]

Ⅰ

Ongoing

FOXFIRE[136]

Ⅰ

Ongoing

EPOCH[137]

Ⅰ

Ongoing

Study details
Phase Ⅱ Prospective study
208 patients
Phase Ⅰ, 20 patients
No prior chemotherapy
SIRT + FOLFOX4
SIR-Spheres only
Phase Ⅱ Prospective study
151 patients (61 colorectal)
Theraspheres only
Phase Ⅱ Prospective study
214 patients
Theraspheres only
Phase Ⅰ, 19 patients
Prior hepatic arterial and peripheral chemotherapy
SIR-Spheres only
Phase Ⅲ Randomized controlled trial
74 patients
First-line SIRT +/- Regional chemotherapy
46 patients
Phase Ⅱ Randomized Controlled trial
21 patients
First-line SIRT +/- 5-FU/LV
Phase Ⅲ Randomized controlled trial
First-Line SIRT +/- 5-FU
Phase Ⅲ Randomized controlled trial
Primary Endpoint: Progression free survival
Size: 532 patients
Phase Ⅲ Randomized controlled trial
Primary Endpoint: Overall survival
Size: 490 patients
Phase Ⅲ Randomized controlled trial
Primary Endpoint: Progression free survival

[88,89]

Median OS

Median PFS

(mo)

(mo)

10.5
9.3
(14.2 if had only liver-confined
disease)
8.8

2.9

10.6

14.9

5.2

17 vs 15.9
(P = 0.18)

15.9 vs 9.7
(P = 0.001)
Liver PFS

29.4 vs 11.8
(P = 0.008)

11.5 vs 4.6
(P < 0.004)

10 vs 7.3
(P = 0.8)

5.5 vs 2.1 (P = 0.001)

trained operators at experienced centers
.
The only randomized controlled trial comparing
SIRT + chemotherapy to systemic chemotherapy
[90]
alone was done by Van Hazel et al
who showed
statistically significant doubling in PFS when SIRT was
used as a first-line therapy. The forthcoming FOXFIRE
and SIRFLOX studies will carry this concept into the
modern chemotherapy regimens by using oxaliplatin in
combination with SIRT. EPOCH will investigate the use
of Theraspheres, glass microspheres that have a higher
per-sphere radiation dose and are less embolic than
SIR-Spheres resin microspheres. Some hypothesize
that Theraspheres may fare better because the
treatment is less embolic, which allows consistent
delivery of the entire radioactive dose without concern
for reflux, and facilitates oxygenation of the irradiated
tissue (tumor destruction in radioembolization
occurs by oxygen free-radical formation, therefore
embolization is actually counterintuitive in this setting).
The literature regarding radioembolization for mCRC
CLM is highlighted in table 7.

extensively studied and is known to use host cell
machinery to replicate upon gaining entry into cells.
Interestingly, the genome of HSV-1 is large but only
a few genes are necessary for replication. This leaves
space for genetic engineering to create a mutant
virus that can selectively infect tumor cells and, if
needed, be neutralized by administration of acyclovir (a
routinely available antiviral agent).
Specific to CLMs, interventional oncology will
continue to play a role in advanced anti-cancer
therapy due to the value of the biological payload and
the need for organ-directed delivery, especially with
the relatively hypovascular CLMs. A phase Ⅰ openlabel dose escalation study at MSKCC demonstrated
safety of delivery of neoadjuvant NV1020 via the right
[91]
hepatic artery in a tumor-specific fashion .

Viroembolization

The biological basis for an organ-directed treatment
plan focused on liver progression has already been

INTERVENTIONAL RADIOLOGY
MANAGEMENT OF CONCURRENT
COLORECTAL METASTASES TO THE LUNG

Herpes simplex virus (HSV)-1 is a virus that has been
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established above regarding mCRC. However, the liver
is not the only location to receive a metastatic burden.
Rectal cancer can metastasize directly to the lungs
via its own venous drainage that bypasses the liver to
drain directly into the inferior vena cava. Colon cancer
metastases typically go first to the liver then to the
lung soon thereafter.
Surgical metastasectomy (sublobar; wedge or
segmental resection) for patients with limited (a term
not yet consistently defined) pulmonary metastases
[92-95]
can yield 5-year OS of up to 60%
.
However, ablation already is comparable to surgery
for these patients: (1) RFA series of colorectal lung
metastases have yielded 1-, 2- and 3-year survival
[96-101]
rates of up to 95%, 72% and 57%, respectively
;
(2) cryoablation, similarly, 1- and 3-year survival rates
[102]
of 91% and 60%, respectively ; and (3) microwave
ablation with 1- and 2-year survival rates of 91.3%
[103]
and 75% .
Moreover, the goals of therapy must be kept in
mind. Most of these patients are not candidates for
cure, which means that repeated interventions will
be necessary in the future. Repeat thoracotomies
could be considered, but are technically challenging,
expensive, carry risk of morbidity, and remove more
normal lung tissue. Even so, if surgery is preferred,
some patients will not be surgical candidates,
especially if they have had previous lung resections,
comorbid medical conditions, or even pulmonary
toxicity from irinotecan, oxaliplatin, tyrosine kinase
inhibitors, and monoclonal antibodies. Toxicity is not
commonly reported but may increase as survival
increases and patients undergo multiple lines of
[104-107]
chemotherapy
. Although radiation therapy can
be honed to a specific location (SABR; Stereotactic
ABlative Radiotherapy), the toxicity of pulmonary
fibrosis in the region can cause extensive morbidity
with repeated infections and remains understudied.
Furthermore, repeated thoracotomy and post-radiation
thoracotomy (with fused tissue planes) are technically
challenging procedures. Proponents of surgery indicate
that palpation of the lung can detect nodules that are
below the imaging threshold, however, the survival
impact of “drive-by” resection of subclinical nodules
newly detected at surgery has not yet been validated
in the literature, nor has it been compared to simply
following these nodules and ablating them later in this
population, which is not curable and will likely need
further interventions during survival. Percutaneous
ablation can provide chemotherapy holidays of up to
20 mo in the setting of oligometastatic disease and
[100]
close CT follow-up .
Compared to surgery, interventional percutaneous
CT-guided ablation is fast, minimally invasive,
preserves quality of life (can be done as an outpatient
procedure), repeatable as necessary, does not
interfere with chemotherapy, and has limited effects
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on pulmonary reserve and function. The lungs have
natural properties that facilitate ablation, in that air is a
natural thermal insulant (for heat or cold), the regional
blood vessels are conspicuous without contrast
enhancement, and the parenchymal background
allows CT tracking of ablation volume.
For ablation of lung metastasis from colorectal
cancer, RFA remains the most studied technique with
[96]
local recurrence of 9% in a series by Lencioni et al .
[97]
Yan et al
reported a local recurrence rate of 38%
but included more tumors of larger size, showing local
PFS of approximately 74% at 1 year and 57% at 2
years. Technical factors do play a role in outcome,
as carbonization has a more detrimental effect in the
lungs. An oversized active zone relative to the tumor
can cause charring of the adjacent lung penumbra,
which can rapidly increase impedance and shut off
certain RFA systems. This may lead to undertreatment
of the tumor and therefore probe selection is
paramount.

CONCLUSION
Patients with advanced mCRC are living longer
than they did previously due to major advances
in treatment. Next-generation systemic therapies,
coupled with modern, minimally invasive percutaneous
ablative and transcatheter angiographic treatments
supported by forthcoming large clinical trials will define
the new frontiers of management for patients with
metastatic colon and rectum adenocarcinomas.
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REVIEW

Vaccine against Helicobacter pylori : Inevitable approach
Amin Talebi Bezmin Abadi
with H. pylori chemotherapy is that even if we identify
the most successful regimen, it cannot eliminate the
risk of re-infection. This problem is further complicated
by the fact that clinicians have no information as
to whether probiotics are useful or not. Moreover,
to date, we have no large scale produced vaccine
effective against H. pylori . Due to the relatively rapid
and abundant dissemination of guidelines globally
reported concerning management of gastric cancer
prevention and therapeutic regimens, clinicians may
choose a vaccine as better effective weapon against H.
pylori . Therefore, a radical shift in adopted strategies is
needed to guide ultimate decisions regarding H. pylori
management. In light of failures in vaccine projects,
we should identify better vaccine design targeting
conserved/essential genes. The unique character and
persistence of H. pylori pose obstacles to making an
effective vaccine. Preferably, in developing countries,
the best reasonable and logical approach is to
recommend prophylactic H. pylori vaccine among
children as an obligatory national program to limit
primary colonization. Trying to produce a therapeutic
vaccine would be postponed until later. In reality,
we should not forget to prescribe narrow spectrum
antibiotics. In the current review, I draw a route to
define the best adopted strategy against this rogue
bacterium.
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Abstract

Core tip: This review article for first time discusses
actual approaches regarding management of
Helicobacter pylori (H. pylori ) infection; whether we
should continue current strategies or focus on various
directions. Primary H. pylori colonization usually
happens in childhood and lasts for decades if not
treated. An ultimate strategy regarding the infection
must be the complete eradication of the bacterium.

Over three decades have passed since the discovery of

Helicobacter pylori (H. pylori ), and yet many questions
about its treatment remain unanswered. For example,
there is no certainty regarding continued use of
current antibiotic therapy against H. pylori . The bad
news is that even combined regimens are also unable
to eradicate bacterial colonization. The worst problem
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[13,14]

Herein, we provide specific recommendations on
elimination of H. pylori with vaccination as well
as addressing the preventive vaccine against the
bacterium rather than continuing defeated solutions
including probiotics or antibiotic therapy.

smoking can result in antibiotic treatment failure
.
After this increasing trend of antibiotic resistance,
scientists were looking for better options for dealing
with this microbe. Another side of the coin is that
H. pylori can use natural mechanisms to become a
persistent bug against human immune system. The
main mechanism adopted by the bacterium to ensure
gastric residency lifelong is not clear but antibiotic
resistance is one of them at least. During the three
decades that we have known about H. pylori, there
have been many different questions raised; How
to treat infections? Who should be treated? Do we
need to consider probiotics as adjuvant in therapeutic
regimen of H. pylori? Shall we recommend vaccine? If
[15-17]
yes, how to design an effective vaccine
? The first
interpretation out of the above questions is that H.
pylori is a smart pathogen, and has adapted to become
[18]
a resident in gastric mucosa . Because of these
concerns, clinicians decided to think about the most
useful weapon in the battle against this mysterious
bacterium. It should not be forgotten that complete
bacterial clearance is a good idea to prevent those
[19-21]
severe gastroduodenal disorders
. Choosing the
best way to defeat the bacterium was a challenging
step concerning this gastric microbe. In order to choose
the best strategy against the bacterium, one should
first consider all attributed items and availabilities, and
then new roadmap would automatically emerge. For
example, antibiotic therapy and vaccination are the
two major approaches to defeat the microorganisms.
Additionally, some alternative solutions are also
used against H. pylori, although the success of these
solutions remains controversial. In the current article,
the available data is discussed in light of finding the
best strategy against this rogue bacterium. Finally, we
aim to draw a universal roadmap for dealing with H.
pylori infection.

Talebi Bezmin Abadi A. Vaccine against Helicobacter pylori:
Inevitable approach. World J Gastroenterol 2016; 22(11): 3150-3157
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i11/3150.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3150

INTRODUCTION
Helicobacter pylori (H. pylori) is one of the most
successful human pathogens. Following two important
events (first successful isolation of the H. pylori in
1983 and secondly; Nobel Prize in medicine in 2005),
increasing attention is focused on the human gastric
inhabitant and soon after, everyone was surprised by
[1,2]
its globally high prevalence (approximately 50%) .
Soon after the discovery of H. pylori in 1983, a new
era of research had been initiated in microbiology of
the human upper gastrointestinal tract. In 1994, H.
pylori was recognized as a type (I) carcinogen by the
Agency for Research and Cancer. To date, no other
bacterial species considered as such a carcinogenic
agent. This spiral bacterium plays a determining role in
pathobiology of gastric ulcer (GU), duodenal ulcer (DU),
gastric cancer (GC) and mucosa-associated lymphoid
[3]
tissue (MALT) lymphoma . H. pylori colonization
and subsequent clinical manifestation can induce
[4-6]
problematic disorders, if not treated efficiently
.
Historically, the stomach was considered to be
sterile organ for a long time due to the strong acidity
(pH < 2), which eliminates all types of organisms
(fungi, bacteria, viruses and parasites). Among
ingested microorganisms, H. pylori is a site-specific
and symbolic microbe, because of its extraordinary
capability for colonizing in hostile environment of
[7,8]
human stomach . Despite high numbers of infected
individuals, only a small proportion develops GC (<
1%), 8%-10% develop DU and GU, and less than 1%
suffers from MALT lymphoma. The rest of infected
[9]
individuals can remain asymptomatic their whole life .
Bacterial capability to pick up the exogenous DNA
(transformation/conjugation) generates highly diverse
[10]
offspring even in a single colonized individual . The
remarkable diversity (genetically and phenotypically)
observed in H. pylori can explain existence of
various populations, and also answer questions
regarding its genomic plasticity. H. pylori can acquire
resistant genotypes, thus it rapidly entered the MDR
(multi resistant drug) list. In clinical practice, quick
emergence of resistance raised worries about accurate
[11-13]
management of this bacterium
. In the case of H.
pylori, we know that gastric acidic output, bacterial
genotype, low patient compliance, alcoholism and
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APPROACHES TO DEFEAT H. PYLORI
The role of H. pylori in emergence of gastric cancer
and other severe gastroduodenal diseases had
already convinced many clinicians that we may have
[22]
underestimated this microorganism . Elimination
of H. pylori (definite decision) has been frequently
speculated as an effective strategy to cure peptic
[6,23,24]
ulcer disease as well as gastric cancer
. While a
decision had been taken to eliminate the bacterium,
the question remains about the appropriate strategy to
achieve this goal. Not surprisingly, antibiotics are the
first choice; although a long list of failed therapeutic
[25-27]
regimens still comes up
. As expected, antibiotics
are not the only available tools applied against H.
pylori and other options can be theorized as well. For
example, probiotics are the next proposed solution.
Accordingly, a long list of alternative options (probiotics,
new synthesized drugs and vaccines) against H. pylori
infection have already been proposed. It seems that
our ability to directly combat H. pylori is drastically
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being affected by increasing rates of antibiotic
resistance and ineffectiveness of other aforementioned
solutions. Herein, we describe proposed interventions
against H. pylori infection.

regimens: with or without bismuth salicylate
. This
regimen consists of bismuth salicylate, metronidazole,
tetracycline, and PPI. The novel aspect of these
antibiotics in second line therapy is the addition
fluoroquinolone to this therapeutic regimen. Using
fluoroquinolone and its increasing antibiotic resistance
became an Achilles’ heel for second line therapy
of H. pylori. Levofloxacin-based therapy showed
[44]
a satisfactory efficacy as second line therapy .
However, metronidazole-based and moxifloxacin-based
therapies achieved a good eradication rates following
[43,45-47]
failed first line therapy
. In brief, a major
difference in drug prescription for second line therapy
is to increase the dosage, which can be accompanied
[6,23,27,36]
with adverse side effects
. Side effects reported
following the prescription of second line therapy led to
emergence of a third line therapy as an alternative, or
maybe last, chemotherapeutic option. Levofloxacinbased therapy was reported to be useful second line
treatment following defeated concomitant therapy
in regions with high rate of antibiotic resistance to
clarithromycin.

Antibiotics

The bactericidal effect of penicillin discovered
by Fleming at 1929 on Streptococcus was the
first promising step to defeat microbes using
[28,29]
antibiotics
. After decades, scientists are still
struggling with large number of organic chemicals
and materials to find/apply better antibiotics for killing
bacteria. Despite a large number of potent molecules,
we are facing with large number of failed therapeutic
regimens consisted by these new antibiotics.
Nowadays, antimicrobial resistance is a critical issue
[30,31]
in management of infectious diseases
. To our
knowledge, H. pylori had shown no diversion from
this microbial rule. Because of this, three various
therapeutic lines in terms of international guidelines
have been published. However, clinics have no
certainty about the best strategy to achieve an efficient
[23,32-37]
treatment against H. pylori
.

Third line therapy: In patients with treatment failure
according to the first and second lines, clinicians
have to think about a smarter strategy to defeat
[48]
the bacterium in this challenging war . It has been
firmly indicated that antimicrobial susceptibility tests
must be performed prior to initiating the third line
regimen in any population worldwide. Antimicrobial
susceptibility tests are mandatory only in third line
therapy, while it would be better to have these data
before prescribing any therapeutic regimens. Choosing
the best efficient antibiotic to use as third line therapy
is a major challenge in treatment of H. pylori infection.
It appears that rifabutin may be worthwhile agent
and its contribution in third line therapy may be even
[49]
underestimated . Rifabutin-based therapy revealed
that good eradication rate and it can be achieved after
[43,49,50]
both failed therapies (first and second line)
. The
main limitation in treatment regimens with rifabutin
[51]
is its adverse effects and serious myelotoxicity . In
addition, more usage of rifabutin can cause higher
rates of antibiotic resistance, as reported from
Mycobacterium tuberculosis treatment. Rifabutin
is usually considered as anti-tuberculosis drug and
clinicians should think about it cautiously. The optimal
duration of treatment for third line therapy as well
as other therapeutic regimens was already discussed
[30,52-54]
in various guidelines
. As the story about third
line therapy is similar to what happened with former
treatment regimens, we have long way to go to
find the best eradication strategy against this rogue
microorganism.

First line therapy: While no monotherapy is
useful to eradicate H. pylori, application of regimens
consisting more than one treatment is inevitable. Firstline triple therapy [amoxicillin + clarithromycin and
proton pump inhibitors (PPI)] is the most prescribed
[38]
regimen worldwide . Notably, this is a recommended
therapy for regions with low clarithromycin resistance
[36,39,40]
(< 15%)
. In regions with higher rates of
clarithromycin resistance (> 20%), modified for
mulation (metronidazole, tetracycline or bismuth
salicylate) is highly recommended as well as hybrid
and concomitant therapies which showed sufficient
[6,33,36]
efficacies to be involved in these regions
. In
standard therapy, increased doses of PPI can be used
[26,41]
due to higher biological activity and stability
. As
it sounds, clarithromycin resistance rate has a crucial
role to determine effectiveness of combined regimen,
particularly in first line therapy. Consequently, the wide
use of clarithromycin in gastrointestinal and respiratory
infections caused a raise rate of exposure to this
antibiotic, which can be attributed to the current status
of resistance. However, due to the increasing level of
resistance to all antibiotics listed in first line therapy,
the efficacy of the regimen is falling to unacceptable
[6,31]
levels in most countries
. Currently, use of fluoro
quinolone is able to change the low efficacy of first line
[13,42]
therapy
.
Second line therapy: The medical community soon
realized that first line therapy against H. pylori is not
sufficient to defeat the infection. It became a basic
rationale to define and establish H. pylori second line
therapy. Indeed, second line therapy is a quadruple
treatment and it may be split in two different
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Last words about antibiotics: For sure, antibiotics
are only given to symptomatic patients, and
asymptomatic individuals are still under risk of
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development of their simple symptoms to severe
digestive diseases, including gastric cancer. This is a
major problem in managing H. pylori infection; a key
point that could be covered by administration of an
effective vaccine. While these results for all therapeutic
lines appear ineffective, each will clearly require careful
considerations to increase their overall effectiveness
in various populations worldwide. There are two main
problems; first, continued design and application of
novel antibiotics against H. pylori will likely progress
slowly, and secondly, with such skyrocketing rates of
antibiotic resistance, efficacy of most first and second
[55-62]
lines therapies are around zero
. Altogether, we
are becoming disappointed with current antibiotic
therapy. However, final success to achieve this solution
cannot arise without involvement of better intervention
such as smarter strategies concerning the H. pylori
infection. The big problem with antibiotic treatment is
that even if we have the most successful therapeutic
regimen, it cannot ensure re-infection protection. In
conclusion, different approaches, rather than just
antibiotic regimens, should be considered in H. pylori
management. Taken together, we have to continue
this approach while working on better solutions.
Indeed, antibiotics are helpful but not the best possible
intervention for H. pylori infection.

adjuvant in combination with triple therapy against
H. pylori infection, however, and regardless of a
large number of studies, it is soon to fully elucidate
[68,76,77]
all aspects of its molecular mechanism
.
Despite recent progress, many questions are left
unanswered in finding the best formulation (including
suitable microorganism, dosage and duration of the
[15]
administration) . In animal and human models,
prior studies have shown that actual role of probiotic
bacteria and their biologic effects linked with
[78-80]
eradication of H. pylori need to be examined
.
Conclusively, human and probiotics are in the early
stages of collaboration toward defeating H. pylori, and
we hope that in the near future, associated research
can meet the demands in clinics and the market.
Last words about the probiotics: Probiotics may
serve as an alternative approach to fight the current
dilemma of management of antimicrobial resistance.
The protective effects of probiotics (mostly including
Bifidobacterium and Lactobacillus) on colonization
of H. pylori in digestive tract have been widely
[78-80]
investigated
. As noted in several reviews, most
of the probiotics that are already examined are listed
as beneficial for both healthy individuals and patients.
To date, various strains of probiotics with or without
adjuvant were used to assist H. pylori elimination. With
regard to variable results disclosed so far, probiotics
can be only used to aid clinicians for increasing efficacy
of antibiotic therapy, mostly with compensation
of human microflora. So far, exaggerated claims
regarding probiotics should be limited until consistent
findings from large scale studies are achieved. Apart
from the fact that probiotics are chosen to tackle the H.
pylori infection or assist clinicians to defeat antibiotic
resistance, we are not in a position to limit our options
with it. H. pylori is a major gastric pathogen and we
should not ignore even less effective options to defeat
the microbe. Taking together, probiotics cannot stand
as the final and best solution suggested for H. pylori
infection.

Probiotics

Probiotics are live bacterium which enable to survive in
the gastric mucosa and alter microbiota composition,
causing beneficial effects if administrated (mostly as
oral supplement) properly, as defined by the World
[63]
Health Organization . Mostly, they are bacterial
strains, but include some yeast such as Saccharomyces
[64-67]
boulardii
. It has been reported that antibioticassociated diarrhea is the most common side-effect
of H. pylori eradication, which can be alleviated with
[68,69]
probiotic consumption
. The aforementioned news
promoted clinicians to increase their initiatives to for
more research on probiotics in recent years. Indeed,
the rationale of recommendation for probiotics as
pro-fermentation microbes is its benefits including:
(1) stimulation of mucin production which results
in effective immune response; (2) induction of acid
secretion which causes reduction in H. pylori density
in the stomach; (3) protection by competing on
host receptors with other human pathogens; and
(4) immune response modulation which results in
[70-72]
higher protection against pathogenic agents
.
Recently, following the increased report of treatment
failure, using probiotics as adjuvants can increase
[15,24,73]
the effectiveness of H. pylori therapy
. To date,
Lactobacilli have shown better responses in clinical
[23,49]
trials
. Taking this into account, in vitro studies
have already shown beneficial effects of consumed
lactobacilli against H. pylori infection but more detailed
[74,75]
investigations are required
. Different strains of
Lactobacilli were examined to determine the best
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Vaccine

As expected and seen above, both primary and
secondary regimens were not completely successful
in eliminating H. pylori colonization, so we have to
think more on proposed alternatives and practical
[25,41,43,45,81]
options
. In the case of probiotics, lack
of knowledge of their actual mechanism of action
and also inconsistent findings of their applications
were the main reasons not to consider them in
management of H. pylori. H. pylori vaccine design and
its application was started a couple of years following
[82-85]
its groundbreaking discovery
. Indeed, the issue is
underestimated, since there is no efficient vaccine in
clinical practice yet. In other words, vaccination against
H. pylori remains the most challenging issue for
developing countries, where relatively high prevalence
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of infection is a public health challenge
. Although
we are sure about who should receive the vaccine and
which vaccine candidates should be administrated,
a better approach is to continue for finding answers
rather than ignoring the primary question. The good
news is that current awareness of clinicians regarding
vaccination effects to reduce gastric cancer rate,
especially in developing countries provide an initiative
panel to invite researchers for more attempts in this
issue. Consequently, an apparent progress was made
on production of this efficient vaccine against H. pylori
[91-93]
infection
. Accordingly, there is still an impetus
for developing such a protective vaccine. As already
mentioned, both antibiotic therapy and probiotics are
inadequate strategies in the battle against H. pylori.
Thus, the last available weapon is a vaccine. The
remaining unresolved issues for vaccine production
are: (1) complicated host immune response to the
pathogen; and (2) high genetic diversity in H. pylori.
Since with application of the vaccine clinicians can
guarantee the protection and reduced risk of reinfection, it would be preferable to recommend vaccine
in both developing and developed countries. As it
sounds, the best weapon in the war against H. pylori is
vaccination, thus we should search for better vaccine
formulations and adjuvants to make vaccines for
eradicating this rogue chronic infection. Unfortunately,
we have had several failures in developing H. pylori
vaccine candidates, such as whole cells extract,
flagellar antigens, adhesion antigens, and also
[94-96]
urease
. It seems that to produce and generate an
effective/protective H. pylori vaccine only two major
topics should be addressed; (1) best adjuvant; and (2)
best selected antigen. In the case of adjuvant, there is
a narrow range of options, since many lack approval
[25,91,97]
for human application
.

vaccine without booster are the main aspects need
to be considered in future work. We predict that in
the close future, a prophylactic vaccine will enter
to the market and it can solve all aforementioned
questions. In conclusion, despite all disclosed
difficulties to produce effective vaccine against the H.
pylori, the current workflow should be promoted and
continued. In other words, vaccination is an inevitable
approach even if we do not have a globally prescribed
therapeutic/prophylactic vaccine.
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MINIREVIEWS

Effective treatment of gastrointestinal bleeding with
thalidomide - Chances and limitations
Juergen Bauditz
have no effect on bleeding events and transfusion
requirements, therapy has switched to endoscopic
coagulation. However, angiodysplasias tend to recur
over months to years and endoscopy often has to be
repeated for long time periods. Thalidomide, which
caused severe deformities in newborn children in the
1960s, is now increasingly used after it was shown
to suppress tumor necrosis factor alpha, inhibit
angiogenesis and to be also effective for treatment of
multiple myeloma. In 2011 thalidomide was proven
to be highly effective for treatment of bleeding from
gastrointestinal angiodysplasias in a randomized study.
Further evidence by uncontrolled studies exists that
thalidomide is also useful for treatment of bleeding
in hereditary hemorrhagic telangiectasia. In spite of
this data, endoscopic therapy remains the treatment
of choice in many hospitals, as thalidomide is still
notorious for its teratogenicity. However, patients with
gastrointestinal bleeding related to angiodysplasias
are generally at an age in which women have no
child-bearing potential. Teratogenicity is therefore no
issue for these elderly patients. Other side-effects
of thalidomide like neurotoxicity may limit treatment
options but can be monitored safely.
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Core tip: Traditionally, bleeding from gastrointestinal
angiodysplasias has been treated by hormonal therapy.
After a randomized study finally demonstrated that
hormones are not efficient, treatment has switched to
endoscopic coagulation techniques. Thalidomide was
recently proven to be highly effective for treatment
of bleeding from gastrointestinal angiodysplasias and
is also useful for bleeding in hereditary hemorrhagic
telangiectasia. However, thalidomide is rarely used as

Abstract
For more than 50 years bleeding from gastrointestinal
angiodysplasias has been treated by hormonal
therapy with estrogens and progesterons. After a
randomized study finally demonstrated that hormones
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it is still notorious for its teratogenicity. Patients with
gastrointestinal bleeding related to angiodysplasias
are generally old and teratogenicity is not an im
portant issue. Other side-effects of thalidomide like
neurotoxicity may limit treatment options but can be
monitored safely.

Table 1 Different types of gastrointestinal vascular
malformations

Bauditz J. Effective treatment of gastrointestinal bleeding with
thalidomide - Chances and limitations. World J Gastroenterol
2016; 22(11): 3158-3164 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i11/3158.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i11.3158

Type of vascular
malformation

Sporadic/senile
Angiodysplasia

Angiectasia in
HHT/Osler’s
disease

Macroscopic
appearance

Flat complex
cherry-red
vascular tumors

Telangiectatic
vessels

Etiology

Site of
manifestation

INTRODUCTION
In the absence of more specific therapeutic options,
gastrointestinal bleeding due to vascular malformations
has been treated by hormonal therapy since the
1950s. With the invention of flexible endoscopy of
the digestive tract, treatment has more and more
switched to endoscopic measures. Typically, different
coagulation techniques are applied in these patients.
However, if there are multiple lesions, endoscopy has
to be performed repeatedly, as it is often not possible
to extinguish all lesions and angiodysplasias tend to
[1]
recur for months and years .
After hormonal therapy has been proven to be
[2]
ineffective by a randomized study , endoscopy is
by far the preferred treatment in most hospitals.
However, as an acutely bleeding angiodysplastic
lesion is only rarely present during endoscopy and
therefore coagulation is generally prophylactic, efficacy
of endoscopic treatment is not self-evident and has
neither been proven for reduction of bleeding episodes
nor transfusion requirements.
After the first report on the use of thalidomide for
bleeding from gastrointestinal angiodysplasias during
the Congress of the American Gastroenterological
[3]
Association (AGA) in 2002 and several subsequent
[4-6]
case series
, a randomized study finally proved
[7]
the efficacy of thalidomide in 2011 . Despite this
breakthrough, endoscopic therapy remains the
treatment of choice in many hospitals. In this review
aspects of treatment of gastrointestinal vascular
malformations and the potential and side-effects of
thalidomide will be discussed.

Age of
manifestation

Telangiectatic
vessels,
watermelon
stomach
Unknown (local
Several
Unknown;
hypoxemia?)
mutations
association to
liver disease
and portal
hypertension
Colon, stomach, Nose; gastro- Stomach, colon,
small bowel
intestinal tract;
small bowel
hepatic,
pulmonal,
cerebral shunts
Mostly > 50 yr
Mostly
Related to liver
teenagers,
disease; medium
adults < 40 yr
aged/older
adults, rarely
children

HHT: Hereditary hemorrhagic telangiectasia.

also termed “senile angiodysplasias”) typically present
with a characteristic appearance of cherry-red complex
vascular tumors, which are often slightly elevated
above the level of the gastrointestinal mucosa (Table 1
and Figure 1). It is speculated that local hypoxia within
the gastrointestinal wall causes an overproduction
of growth factors like vascular endothelial growth
factor (VEGF), which results in an exaggerated vessel
growth. However, occurrence of angiodysplasias is
not correlated to presence of coronary heart disease,
peripheral arterial disease or other ischaemic vascular
diseases. Further investigations are therefore
necessary to understand the pathophysiology of
[1]
angiodysplasias .
In contrast, the underlying pathophysiology
of hereditary hemorrhagic telangiectasia (HHT,
Osler’s disease) is better understood than those of
sporadic angiodysplasias. Pathologic vessel growth
in HHT is based on different mutations within the
angiogenic signaling cascade, causing a stimulation of
neoangiogenesis, which also implicates overproduction
of VEGF. Due to its genetic origin HHT is classified
as type Ⅰ (mutations within the endoglin-gene,
[8]
chromosome 9 und type Ⅱ (activin receptor-like
[9]
kinase 1 mutations; chromosome 12q) . However,
not all mutations have been identified. Especially, no
genetic alterations have been found in patients with
[10]
severe hepatic manifestation of Osler’s disease .
Corresponding to the different pathophysiology of
vessel malformation in HHT, vascular lesions are not
characterized by a flat tumorous appearance like
sporadic angiodysplasias but present as enlarged
ectatic vessels on mucosal surfaces (Table 1 and Figure
2), which may form net-like structures and are labeled

APPEARANCE AND ETIOLOGY OF
GASTROINTESTINAL VASCULAR
MALFORMATIONS
Bleeding from vascular malformations occurs in
different clinical settings. In addition, vascular
malformations differ in appearance according to their
underlying pathophysiology. Angiodysplasias, which are
predominantly found in elder patients (and therefore
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Figure 1 Angiodysplasia: Superficial cherry-red complex vascular tumor.

Figure 3 Gastric arteriovenous ectasia (watermelon stomach): Multiple
superficial ecstatic vascular complexes in the gastric antrum.

layer. This makes such vessels or vessel-like structures
susceptible to rupture and results in bleeding due to
their superficial location. Another consistent finding of
these vascular structures are short circuits between
the arterial and venous system. In all gastrointestinal
vascular malformations therapeutic anticoagulation or
treatment with thrombocyte aggregation inhibitors like
aminosalicylic acid are known to trigger manifestation
or to aggravate bleeding. As a first treatment option
for bleeding patients, anticoagulant therapy or
thrombocyte aggregation inhibitors should be therefore
[1]
ceased, whenever possible .
Figure 2 Wireless capsule endoscopy: Bleeding from a small angiodysplasia
in the small bowel.

Medical and endoscopic therapy
From the 1950s on, gastrointestinal bleeding due to
vascular malformations has been treated by estrogens
with especially unpleasant side effects in men.
Evidence for efficacy of this treatment had come from
case reports and case series but not controlled studies.
However, in the absence of other agents, hormonal
therapy, mainly by use of ethinylestradiol, established
as a standard treatment with unproven efficacy. Until
the 1990s, impressive but small case series supported
[12]
this concept . With the invention of gastrointestinal
endoscopy therapy switched to interventional
treatment by heat or argon beamer coagulation,
however endoscopic measures remain insufficient in
cases of multiple vascular malformations. In severe
cases, angiography or resection of bowel segments can
also be performed, however, as angiodysplasias tend
to recur in other bowel segments, often without lasting
[2]
effect. In 2001 Junquera et al published a large
randomized study in which the efficacy of hormones
for treatment of bleeding from gastrointestinal
angiodysplasias was investigated. In this trial 72
noncirrhotic patients bleeding from gastrointestinal
angiodysplasia were randomized to receive treatment
with ethinylestradiol plus norethisterone or placebo for
at least 1 year in double-blind conditions. Failure of
treatment occurred in 39% of patients in the treatment
group and 46% of patients in the placebo group.

telangiectatic vessels.
A third important group of patients, in which
bleeding from gastrointestinal malformations
occurs are patients with liver cirrhosis, infrequently
accompanied by clinical relevant portal hypertension.
These patients present with different types of vascular
malformations, some with angiodysplastic lesions,
some with telangiectatic vessels and others with gastric
arteriovenous ectasia (GAVE)-syndrome or watermelon
stomach. GAVE is characterized by multiple vascular
malformations in the prepyloric antral mucosa,
appearing in a chain-like or disseminated fashion (Table
1 and Figure 3). The underlying pathophysiology
of liver cirrhosis-associated vascular growth and
appearance of malformations is not understood in
detail. However, liver cirrhosis is also accompanied
by multiple well-known vascular alterations like
spider naevi or palmar erythema which are useful for
establishing a diagnosis. As increased plasma levels of
VEGF and basic fibroblast growth factor (bFGF) have
been documented in cirrhotic patients, incidence of
vascular lesions may reflect an unspecific generalized
[11]
activation of angiogenesis .
Despite different macroscopic appearance and
different etiologies, vascular lesions in all three groups
of patient are characterized by fragility of vessels,
which lack a normal wall structure with a muscular
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Furthermore, no differences were found according
to number of bleeding episodes and transfusion
[2]
requirements .
Beside hormones other agents like somatostatin
analogs were also evaluated for treatment of
angiodysplasias within numerous case reports and
[13]
[14]
retrospective investigations . Nardone et al
reported efficacy of somatostatin in 40%-72% of
patients. Another study demonstrated cessation of
bleeding in 77% of patients, however in the control
[15]
group bleeding also stopped in 55% of patients .
Such an especial high rate of spontaneous cessation
of bleeding may occur. Bleeding from gastrointestinal
angiodysplasias can repeat for months to years and
then stop spontaneously. However, it also indicates
that bleeding episodes in these patients were
less frequent or severe compared to other trials.
Recently, a meta-analysis came to the conclusion
that somatostatin analogs are an effective therapy
[16]
for bleeding from gastrointestinal angiodysplasias .
Present data therefore suggest that octreotide
treatment may be beneficial in preventing rebleeding
from gastrointestinal angiodysplasias. However, several
uncontrolled studies also had suggested efficacy of
hormonal therapy. Therefore further controlled studies
should be performed to confirm the interesting data on
use of somatostatin analogs.

series of patients with 100 mg/d being a dose with
[19]
only moderate sedative side effects . These results
were confirmed by several other case reports and pilot
[4,6]
studies .
In 2011 efficacy of thalidomide for treatment
of bleeding from gastrointestinal angiodysplasias
[7]
was ultimately proven in a randomized study . In
this study 55 patients with recurrent bleeding from
gastrointestinal vascular malformations (at least
6 bleeding episodes in 1 year) unresponsive to
endoscopic or medical approaches received either
100 mg thalidomide (n = 28) or 400 mg iron (n = 27,
controls), daily for 4 mo. Patients were observed for
one year before and at least one year after treatment.
Patients with liver cirrhosis were excluded from
the study. The primary end point was the effective
response rate, defined as the proportion of patients
in whom bleeding episodes had decreased by ≥ 50%
in the first year of follow-up. Rates of response in
the thalidomide and control groups were 71.4% and
3.7%, respectively (P < 0.001). All secondary end
points, which were rate of cessation of bleeding, blood
transfusions, overall hospitalization, and hospitalization
for bleeding differed significantly different between both
patient groups. Not surprisingly, 32% of thalidomidetreated patients reported fatigue. However, no severe
adverse effects were observed. VEGF plasma levels
[7]
were reduced by thalidomide .
Thalidomide was also evaluated for treatment of
hereditary hemorrhagic telangiectatic. To date, at least
31 patients were treated within case studies and small
[20,21]
patient series
. Thalidomide at a dose of 50-250
mg/d (mostly 100-200 mg) was shown to reduce
frequency and intensity of nosebleeding, reduction
of transfusion requirements and improvement of
[21]
quality of life . In an experimental model of HHT
with mice heterozygous for a null mutation in the
Eng gene (encoding endoglin), thalidomide treatment
stimulated mural cell coverage and rescued vessel wall
defects and also increased platelet-derived growth
factor-B (PDGF-B) expression in endothelial cells and
stimulated mural cell activation. Within the same
study, biopsies of nasal epithelium taken from patients
with HHT treated with thalidomide showed that similar
[22]
mechanisms may be present in humans . Although
these clinical and experimental findings are promising,
a randomized study for treatment of HHT is still
missing.
Thalidomide was further used for patients with
cirrhosis and gastrointestinal bleeding related to
vascular malformations. Two case reports and
a correspondence letter reported on efficacy of
[23-25]
thalidomide in this setting
. Garrido Serrano et
[25]
al
employed a dose of 200 mg/d in 19 patients,
finding an increase of haemoglobin levels during a 4-mo
treatment. However, hepatic encephalopathy was
frequently observed in these patients (42%), and was
speculated to be related to thalidomide. Unfortunately,
only sparse data are given and treatment or bleeding

Efficacy of thalidomide for
treatment of bleeding vascular
malformations
The first use of thalidomide for treatment of bleeding
from gastrointestinal angiodysplasias resulted from
the occasional observation that the drug proved to be
highly effective in patients with severe bleeding from
[17]
Crohn’s disease . Although anemia in Crohn’s disease
[18]
may be quite severe , single episodes of intestinal
bleeding in active Crohn’s disease are generally rather
moderate. However, a small percentage of patients
suffer from acute massive bleeding episodes. In our
pilot study for use of thalidomide in steroid-resistant
Crohn’s disease several patients suffered from
[17]
recurrent severe bleeding episodes . The observation
that thalidomide dramatically improved bleeding in
these cases and one patient presented with multiple
prominent angiodysplastic vessels in the colon led us
to the idea that the substance may be also useful for
an old patient with severe recurrent bleeding from
multiple angiodysplasias in the small bowel and colon
which presented in our hospital shortly afterwards.
Thalidomide also proved to be highly effective in
[19]
this situation . We therefore further evaluated the
efficacy of the drug in patients with angiodysplasias
choosing a relatively low dose of 100 mg/night as
we had observed substantial side effects with a dose
[17]
of 300 mg in our initial trial in Crohn’s disease .
Thalidomide proved to be effective in several further
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[32]

episodes were not well documented. As 200 mg/d
thalidomide presents a dose with relevant sedative
side effects, the incidence of hepatic encephalopathy
may also have been overestimated. Furthermore, no
data are given on follow-up after end of treatment.
Therefore, current information on the use of thali
domide in patients with cirrhosis is very limited and
has to be interpreted with caution.
Another indication, in which thalidomide was
reported to be effective, is rectal bleeding related to
[26]
radiation-induced proctitis . Thalidomide was found
to improve bleeding in a patient with multiple bleeding
episodes. We also used thalidomide in this setting and
could document reduction of bleeding episodes and
rectal ectatic vessels.

microsomes, but not with rat liver microsomes .
Consistent with these findings rats were shown to be
highly resistant to thalidomide-mediated teratogenic
effects, whereas canines and higher primates proved
[33]
to be highly sensitive .
This well documented teratogenicity, although
from today’s perspective not really a surprise for any
drug with antiproliferative or antiangiogenic activity,
is thalidomide’s great burden. In fact, the so-called
Thalidomide experience in the 1960s dramatically
changed perception of drugs. Before thalidomide,
evaluation of drug safety wasn’t standardized as
nowadays and human teratology was just developing.
th
Interestingly, during the first half of the 20 century
the human placenta was believed to be impermeable
[34]
and to act as a perfect barrier to the fetus . In
this situation thalidomide entered western medicine
and changed the paradigm of the human placenta,
which was since then newly realized to be especially
vulnerable against toxins. Thalidomide became
notorious as a most toxic substance and is still handled
with extreme caution in western countries, although
numerous chemotherapeutic agents have a similar
toxicity. Especially in Germany, where the thalidomide
trial was the second largest after the Nuremberg Nazi
trials, physicians are very cautious in using this drug.
Governmental restrictions with observational programs
and special receipts further impede its use. In the
United States the System for Thalidomide Education
and Prescribing Safety Programm (www.celgene.
com) was initiated when thalidomide was approved.
This program i.e. includes that women with childbearing potential are obliged to watch a movie or
pictures of children with phocomelia. Such measures
have prevented the birth of malformed children,
however could be applied for any chemotherapeutic
agent. It is to be feared that the special attention on
thalidomide’s side effects also restricts its use, an
effect which also contributes to its very limited use in
[35]
Crohn’s disease despite recent promising results .
Furthermore, thalidomide is not patented since
several decades, resulting in a lack of marketing by
pharmaceutical companies.
Patients with bleeding from sporadic angiodysplasias
are generally old and the overwhelming majority of
women don’t have child-bearing potential, which is also
true for women with liver cirrhosis-associated vascular
malformations. Teratogenicity therefore is not an
important issue in these cases. However, the situation
is different in patients with HHT. Bleeding in HHT
occurs at all ages and therefore thalidomide has to be
handled very carefully in this situation. Interestingly,
a relatively short treatment with thalidomide (3-4
mo) exerts a lasting effect on bleeding from sporadic
angiodysplasias. In many patients clinically relevant
[19]
bleeding does not recur for several years . However,
a disease with a genetic basis like HHT presumably has
to be treated repeatedly or for longer periods of time.

Effects and toxicity of
Thalidomide
Initially, thalidomide was developed in Germany in the
1950s as a sedative before benzodiazepines became
available. Later on it was recommended for morning
sickness due to a moderate antiemetic effect. After it
had not been possible to determine an LD 50 in rat
experiments, thalidomide was falsely rated to be a
particularly safe drug. In spite of a missing systematic
evaluation of security in humans, which was not
standardly performed in the 1950s, thalidomide
became obtainable without a prescription. During 5
years between the first birth of a child with phocomelia
and recognition of its teratogenic effects in 1961 about
10000 children with shortened extremities and organ
deformations were born, many of them in Germany,
where thalidomide was the most commonly used
sedative with more than 140 million tablets sold in
[27]
1960 . After it had already been taken from the
market, Sheskin J, an Israeli dermatologist, discovered
an antiproliferative activity in erythema nodosum
leprosum (ENL), a late manifestation of leprosy, which
can cause severe insomnia due to leprotic neural
[28]
infiltrations . Further studies confirmed its efficacy
in ENL. Thalidomide is still regarded as a treatment of
choice in ENL by the WHO and was approved by the
[27]
NIH of the United States in 1998 .
After thalidomide was also detected to suppress
tumor necrosis factor, it was also successfully used
[14,29,30]
for treatment of Crohn’s disease
. However,
thalidomide is not only an immune modulator but
also an inhibitor of angiogenesis. This activity, which
involves VEGF und bFGF mediated effects was
[31]
discovered in 1994
and may be also responsible
for its teratogenicity. The exact mechanism for
its antiangiogenic activity is unclear but is not
caused by thalidomide itself but by species-specific
hepatic metabolites. In vitro-studies demonstrated
thalidomide-induced impaired vessel growth of
explanted rat vessels or human endothelial cells only
if these are co-incubated with human or canine liver
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Regarding long term treatment sedation, which
is relatively mild at a nightly dose of 100 mg/d
and especially neurotoxicity are the most relevant
side-effects of thalidomide. Early studies reported
on peripheral sensoric neuropathy in 1%-25% of
[36]
patients , which also seems to be dose-dependent.
An increased incidence of neuropathy was reported
[37]
for cumulative doses > 20 g or 40 g, respectively .
Our own clinical investigations confirm these findings,
in our patients neuropathy first occurred after 9 mo
continuous treatment in a patient with Crohn’s disease.
In this case, thalidomide treatment was stopped
due to paresthesias. Unfortunately, severe bleeding
related to Crohn’s disease recurred after cessation
of thalidomide and was not controllable by steroids
or immunosuppressants. Therefore, thalidomide
was started again at a lower dose and was effective
once more. Because of previous polyneuropathy,
thalidomide was then applied at a lower dose (100
mg instead of 300 mg) and one more time proved to
be effective. However, after further 20 mo treatment,
paresthesias recurred again and thalidomide finally
had to be terminated.
The underlying pathophysiology of neurotoxicity
is not clear. As VEGF exerts both neurotrophic and
[38]
neuroprotective effects
and neural cells express
neuropilin-1, an additional VEGF-receptor, which is
[39]
implicated in axonal regeneration , it seems possible
that neurotoxicity of thalidomide is also related to
antiangiogenic effects. However, potential neurotoxicity
should not be considered a general contraindication
against treatment. Electromyography allows sensitive
diagnosis of preexisting neuropathies and monitoring
of subclinical neurotoxic effects. After dose reduction
or cessation of thalidomide, neuropathy is generally
reversible.
Numerous cases of venous thrombosis have been
reported during treatment with thalidomide, suggesting
[40]
an increased risk of thromboembolic events .
However, most of these reports come from patients
with malignant diseases, especially multiple myeloma,
which are also associated with thrombosis. On the
other hand, neither in pilot trials in non-malignant
[7]
diseases nor in the study of Ge et al for treatment of
bleeding from angiodysplasias, thromboembolic events
[3-5,17,19-22,29,30,35]
were observed
. Further studies are
necessary to definitely clear this question.
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Abstract
AIM: To study the hepatitis B virus (HBV) and hepatitis
D virus (HDV) replication interferences in patients
with chronic hepatitis delta infected with different HBV
genotypes.
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METHODS: We conducted a transversal study
including 68 chronic hepatitis delta (CHD) (37 HIVpositive) patients and a control group of 49 chronic
hepatitis B (CHB) (22 HIV-positive) patients. In
addition, a dynamic follow-up was performed in 16
CHD patients. In all the samples, the surface antigen
of hepatitis B (HBsAg) serum titers were analyzed with

Data sharing statement: Participants gave informed consent
for its inclusion in the study; the presented data are anonymized
and risk of identification is low.
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the Monolisa HBsAg Ultra system (Bio-Rad), using
as quantification standard a serial dilution curve of
an international HBsAg standard. Serum HBV-DNA
titers were analyzed using the Roche Cobas TaqMan
(Roche, Barcelona, Spain), and the serum HDV-RNA
using an in-house real-time qRT-PCR method, with
TaqMan probes. HBV genotype was determined with
the line immunoassay LiPA HBV genotyping system
(Innogenetics, Ghent, Belgium). In those patients
negative for LiPA assay, a nested PCR method of
complete HBsAg coding region, followed by sequence
analysis was applied.

INTRODUCTION
Hepatitis delta virus (HDV) is a defective infectious
agent which only can infect patients previously
(superinfection) or simultaneously (co-infection)
infected with hepatitis B virus (HBV). Although during
the last decades, in developed countries, effective
vaccination programs for the prevention of HBV
significantly decreased novel hepatitis delta virus
HDV cases, chronic HDV infection continues to be an
important public health problem, due to the lack of an
effective therapy and the frequent severity of chronic
[1]
hepatitis delta (CHD) . Moreover, the lower than
expected decrease of HDV infection in some Western
countries, such as Italy, Germany, United Kingdom and
Turkey, probably has been caused by persistent HDV
[2-5]
reservoirs of immigrant populations .
The natural history of CHD is crucially influenced
by HBV and HDV replication. Thus, HBV replication
has been described as modulating HDV pathogenesis
and the active replication of both viruses is associated
[6,7]
with severe liver disease . However, several factors
can influence the dynamic replication of HBV and
HDV. A potential inhibitory role of HDV over HBV
replication has been shown in cross-sectional studies
[8,9]
using low-sensitive HDV quantitative techniques .
Nevertheless, data from longitudinal studies, with
high-sensitive HDV quantification assays, suggest
more complex interactions between both viruses:
patients show parallel replication patterns for HBV and
HDV, contrasting with others in which both markers
change in opposite ways, and these differences are not
currently explained by molecular data. Thus, the role of
the HBV genotype on the viral replication interference
[10,11]
processes has not been extensively studied
.
Previous reports suggest that HBV genotype may
influence the natural history of chronic hepatitis B (CHB)
at different levels. Studies performed in Asian patients
[12]
have shown a higher percentage of spontaneous and
interferon treatment induced HBeAg seroconversion
[13,14]
in patients with B than C genotypes
. In addition,
a more severe evolution of the hepatic damage and
a higher risk of developing hepatocelular carcinoma
have been described for HBV-C compared with HBV-B
[15]
infections . There are no consistent data for A and
D genotypes, but in some European studies a higher
rate of HBe seroconversion in patients infected with
genotype A treated with interferon or interferon plus
[16,17]
lamivudine has beeb shown
. In addition, it has
been suggested that HBV genotype may play a role
in the natural history of CHD, and that CHD patients
carrying the HBV-C present a worse outcome of liver
[7-9]
disease than those infected with HBV-B . The study
of the role of HBV genotype on the evolution of CHD
can be particularly important for countries with high
immigration flows from HDV endemic regions and/or
those with a varying prevalence of HBV genotypes.
The aim of this work was to study the HBV
replication interference mediated by HDV in CHD

RESULTS: No differences in the HBV-DNA levels were
found in CHB patients infected with different HBV
genotypes. However, in CHD patients the HBV-DNA
levels were lower in those infected with HBV-A than in
those with HBV-D, both in HIV negative [median (IQR):
1.25 (1.00-1.35) vs 2.95 (2.07-3.93) log10 (copies/ml),
P = 0.013] and HIV positive patients [2.63 (1.24-2.69)
vs 7.25 (4.61-7.55) log10 (copies/ml), P < 0.001]. This
was confirmed in the dynamic study of the HBV/HDV
patients. These differences induce an under-estimation
of HBV-A incidence in patients with CHD analyzed
with LiPA assay. Finally, the HBsAg titers reflected no
significant differences in CHD patients infected with
HBV-A or D.
CONCLUSION: Viral replication interference between
HBV and HDV is HBV-genotype dependent, and more
evident in patients infected with HBV-genotype A, than
with HBV-D or E.
Key words: hepatitis D virus; hepatitis b virus; Delta
hepatitis; replication interference; viral replication
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: hepatitis b virus (HBV)-DNA titer is a
predictive pattern of optimal response to treatment
with interferon based regimens. Our results suggest
that in chronic hepatitis delta patients the inhibition
of HBV replication is genotype-dependent. Viral
replication interference between HBV and hepatitis
b virus (HDV) is more evident in patients infected
with HBV-genotype A, than with HBV-D or E. Based
on these results the analysis of HBV genotype could
be taken into account in the algorithms for treatment
indication for delta infected patients. For patients from
geographical regions with a different distribution of
HBV genotypes, the replication behaviour of HBV is
warranted to clarify the HBV/HDV interference process.
Madejón A, Romero M, Hernández A, García-Sánchez A, SánchezCarrillo M, Olveira A, García-Samaniego J. Hepatitis B and D
viruses replication interference: Influence of hepatitis B genotype.
World J Gastroenterol 2016; 22(11): 3165-3174 Available from:
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Table 1 Epidemiological and clinical profiles of patients included in the transversal study n (%)

Age (yr)1
Gender (M/F)
Caucasian
Subsaharian
ALT (IU/mL)1
AST (IU/mL)1
Anti-HCV
Anti-HBe
HBeAg
HBV genotype-A
HBV genotype-D
HBV genotype-E
HBV-DNA (Log10 IU/mL)2
HBsAg (Log10 IU/mL)2
HDV-RNA (Log10 copies/mL)2

HBV

HBV + HIV

HBV + HDV

(n = 27)

(n = 22)

(n = 31)

HBV + HDV + HIV
(n = 37)

38.54 ± 12.22
21/6
18 (67)
9 (33)
66.58 ± 76.03c
42.65 ± 27.76
4 (15)
23 (85)
4 (15)
17 (63)
10 (37)
0
3.90 (3.15-5.85)e
4.00 (3.81-4.22)h
NA

47.33 ± 8.50
12/10
20 (91)
2 (9)
70.67 ± 18.58
32.67 ± 19.40
2 (9)
17 (77)
5 (23)
12 (54)
10 (46)
0
6.97 (5.58-7.25)f
5.46 (4.15-5.61)i
NA

41.15 ± 9.33
22/9
27 (87)
4 (13)
112.92 ± 84.39d
89.77 ± 62.43
2 (6)
29 (93)
2 (7)
12 (42)
13 (42)
4 (9)
1.58 (1.00-2.43)g
3.83 (3.59-4.39)j
5.20 (4.37-5.74)

42.32 ± 7.76
17/20
33 (89)
4 (11)
90.40 ± 21.92
38.33 ± 20.12
3 (8)
31 (84)
6 (16)
16 (43)
20 (54)
1 (3)
2.80 (1.00-7.02)
3.83 (3.24-4.38)k
6.89 (4.41-7.73)

1

Data expressed as Mean ± SD; 2Data expressed as Median (IQR); c vs d: p = 0.043; e vs f: p = 0.007; f vs g: p = 0.037; h vs i: p = 0.001; j vs i and i vs k: p <
0.001. HBV genotypes data reported in this table has been obtained by commercial LIPA assay or using, in the negative cases, the PCR/sequencing method
developed in this work. In two patients with CHD/HIV negative, the HBV genotype was not determined. HDV genotype 1 was found in the 60 Caucasian
patients and in 6/8 (75%) of the immigrant Subsaharian patients. In the remaining 2 patients, HDV genotypes 3 and 4 were respectively detected, one of
them infected with HBV-A and the other with HBV-D. In only 25 (37%) patients data about HBV/HDV coinfection date were available. No differences in
the HBV duration of infection were observed between patients infected with HBV-A or HBV-D (mean ± SD: 21.5 ± 5.3 vs 23.75 ± 6.2 yr, respectively). HBV:
hepatitis B virus; HDV: hepatitis delta virus; HIV: human immunodeficiency virus; CHD: chronic hepatitis delta; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase.

Table 2 Epidemiological and clinical profiles of patients
1

Pat #1
Pat #2
Pat #3
Pat #4
Pat #5
Pat #6
Pat #7
Pat #8
Pat #9
Pat #10
Pat #11
Pat #12
Pat #13
Pat #14
Pat #15
Pat #16

Age

Gender

Precedence

43
30
41
43
45
38
35
55
37
31
46
42
45
39
53
38

Male
Male
Male
Male
Male
Female
Female
Female
Male
Female
Male
Male
Male
Male
Male
Female

Western Europe
Equatorial Ginnea
Equatorial Ginnea
Eastern Europe
Western Europe
Western Europe
Western Europe
Western Europe
Equatorial Ginnea
Western Europe
Western Europe
Western Europe
Western Europe
Western Europe
Western Europe
Equatorial Ginnea

Mode of

Duration of

transmission

infection (yr)

Horizontal
Unknown
Unknown
Unknown
IVD
Horizontal
Horizontal
Unknown
IVD
Horizontal
IVD
Unknown
Unknown
IVD
IVD
Unknown

20
Unknown
Unknown
Unknown
Unknown
20
25
Unknown
22
20
25
26
Unknown
20
25
Unknown

HBV Genotype

2

Previous
treatment

Undetermined
A
E
A
A
D
E
D
A
D
A
D
A
D
D
E

IFN
No
No
No
No
IFN
IFN
No
IFN/ADV
IFN
No
No
No
No
No
No

Time without
3
Treatment (mo)

Follow-up
(mo)

Sampling

84

74
5
2
5
4
94
89
17
77
78
53
93
42
41
89
9

8
4
3
3
4
10
13
3
12
12
4
13
3
6
14
5

36
60
8
12

1

Data of age are referred to the first sample analyzed of each patient; 2HBV genotype data correspond to the LiPA/PCR-sequencing assays; 3Time interval
between the end of the previous treatment and the sampling of the first sera included in this study. No statistical differences in the route of infection,
duration of infection, or previous antiviral treatment were found between patients infected with the different HBV genotypes. HBV: hepatitis B virus; IFN:
interferon; ADV: adefovir; IVD: intra venous drug user.

patients infected with different HBV genotypes.
Therefore, we analyzed, in both cross-sectional and
dynamic follow-up approaches, the serum titers of
HDV-RNA, HBV-DNA and HBsAg, a surrogate marker
of HBV replication, in CHB and CHD patients infected
with HBV genotypes A and D, the most prevalent
genotypes in Western countries.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study population

Retrospective, transversal study, in which 68 CHD
(simultaneous CHB and CHD) patients (31 HIVnegative and 37 HIV-positive) were included. As a
control group, 49 patients with CHB, negative for HDV
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superinfection (27 HIV-negative and 22 HIV-positive)
were included (Table 1). No patient was under antiviral
treatment at least 6 mo prior to inclusion in the study.
In 16/31 (52%) CHD patients without HIV coinfection
and with available sequential serum samples we
carried out a longitudinal dynamic analysis of the viral
replication markers (Table 2). Hepatitis C virus (HCV)
infection was confirmed in 9 patients (1 with CHB, 2
with CHD, 2 with HBV + HIV and 4 with HBV + HDV +
HIV).

North Chicago, IL, United States).

RESULTS
Cross-sectional study

Serum HBV-DNA levels were analyzed using the Roche
Cobas TaqMan (Roche, Barcelona, Spain) with a lower
detection limit of 12 IU/ml. The copies number of
HDV-RNA, and HBV-DNA were tested using in-house
[18]
real-time qRT-PCR methods, with TaqMan probes .
The lower detection limit of these assays was 10 and
20 copies/mL, respectively.

The analysis of the 117 serum samples showed that
the HBV replication markers (serum HBV-DNA and
HBsAg) tended to be higher in patients coinfected with
HIV and lower in those with CHD. These differences
were especially marked in HBV-DNA titers between
CHB patients and those with CHD [median (IQR):
3.90 (3.15-5.85) vs 1.58 (1.00-2.43) log10 (copies/
ml), respectively, p = 0.037] (Table 1 and Figure 1A).
The HBsAg titers showed a similar behaviour except
in the group of CHD patients, in which the decrease
in the HBV-DNA levels was not accompanied by a
similar decrease in the HBsAg (Table 1 and Figure
1B). Similarly, the HDV-RNA were higher, but without
statistical significance, in HIV-patients than in HIVnegatives [median (IQR): 6.89 (4.41-7.73) vs 5.20
(4.37-5.74) log10 (copies/ml), respectively, p = NS).
No differences were found in the HBV-DNA
titers among patients infected with HBV genotype
A or D [median (IQR): 3.90 (2.31-7.25) vs 4.81
(3.30-7.25) log10 (copies/ml), respectively, p = NS]
or the HBsAg levels [median (IQR): 4.25 (3.71-5.45)
vs 4.11 (3.72-4.72) log10(IU/ml), respectively, p
= NS]. When the study population was stratified
according to the viral coinfection status, a different
HBV replication behaviour was observed between
patients with different HBV genotypes (Figure 2A).
In CHB patients no differences in the HBV-DNA levels
were found between those infected with HBV-A or D
irrespective of the HIV status. By contrast, significant
higher levels of HBV DNA were found in CHD patients
with HBV-D than HBV-A, both in HIV positive [median
(IQR): 7.25 (4.61-7.55) vs 2.63 (1.24-2.69), p <
0.001] and negative patients [2.95 (2.07-3.93) vs
1.25 (1.00-1.35) log10 (copies/ml), p = 0.013]. No
differences in the HBsAg titers were found in the
different groups of patients (Figure 2B). No differences
in the HCV prevalence was observed among patients
with HVB-A and D [5/57 (9%) vs 4/53 (7%),
respectively, p = NS]. Regarding to the treatment
pressure, no differences were found in the number of
patients with previous history of antiviral treatment
in patients with CHD infected with HBV-A or D [9/28
(32%) vs 10/33 (30%), respectively, p = NS].

Statistical analysis

Longitudinal follow-up of CHD patients

Serological markers

HBV serological markers were tested by commercial
EIA assays: AxSym HBsAg (version 2), AxSym
HBeAg (version 2.0) and AxSym anti-HBe (Abbott
Laboratories, North Chicago, IL, United States). Serum
HDAg, total anti-HDV antibodies and specific IgM antiHDV antibodies were tested by commercial EIAs (Radim
Iberica, Barcelona, Spain).

HBsAg quantitation

The quantitative analysis of serum HBsAg levels was
performed with the Monolisa HBsAg Ultra system (BioRad), using as quantification standard a serial dilution
curve of an international HBsAg standard of known
concentration (NIBSC, Potters Bar, United Kingdom).
HBsAg titers were expressed as log10 (IU/ml).

HBV genotyping

HBV genotype was determined with the line immuno
assay LiPA HBV genotyping system (Innogenetics,
Ghent, Belgium). In patients negative for LiPA assay,
a high sensitivity nested PCR method for the complete
HBsAg coding region was applied.
All the positive amplified products were subjected
to direct sequencing and the sequences obtained
analyzed using the Geno2pheno (HBV) software
(Genafor, Max-Plank Institut Informatic, Saarbrücken,
Germany).

Viral load

In order to confirm the data from the cross-sectional
study regarding the HBV genotype dependent
inhibition of HBV replication mediated by HDV
superinfection, a longitudinal follow-up of 16 CHD
patients without HIV infection was performed (see
epidemiological features in Table 2). In all but one
patient, HDV-RNA was higher than HBV-DNA (Table 3
and Table 4). HBV-DNA was persistently detected in

All parameters expressed as absolute number or
percentages were analyzed using the Spearman’s rancorrelation, the Wilcoxon matched-pairs and the U
Mann-Wiitney systems. The percentage of variability of
each variable was expressed as the variant coefficient
(VC). The mean comparisons were performed using
the Student-t test. All the statistical analyses were
performed using the SPSS v13 software (SPSS Inc.
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Figure 1 Box-plot analysis of the hepatitis B virus-DNA levels (A) and the hepatitis B surface antigen titers (B). Data of HBV-DNA and HBsAg titers are
expressed as Log10 (copies/ml) and Log10 (IU/ml), respectively. Both markers show a similar pattern except in the group of patients with CHD, which had low levels of
HBV-DNA, but a relatively high level of HBsAg titers. Extreme values are represented as circles or asterisks. HBV: hepatitis B virus; HDV: hepatitis delta virus; HIV:
human immunodeficiency virus; CHD: chronic hepatitis delta; HBsAg: hepatitis B surface antigen.
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Figure 2 Box-plot analysis of the hepatitis B virus-DNA levels (A) and the hepatitis B surface antigen titers (B) in the different HBV genotypes of the four
groups of patients analyzed. HBV-genotype E patients were present only in the HIV negative patients with CHD. Data of HBV-DNA and HBsAg titers are expressed
as log10 of copies/ml and IU/ml, respectively. Extreme values are represented as circles or asterisks. HBV: hepatitis B virus; HDV: hepatitis delta virus; HIV: human
immunodeficiency virus; CHD: chronic hepatitis delta; HBsAg: hepatitis B surface antigen.

only 6/16 patients (37.5%), negative in 4 (25%), and
fluctuating in the remaining 6 patients (37.5%) (Table
3). From these 6 patients with fluctuations in HBVDNA, 3 presented an alternating pattern with positive
and negative samples; for the other 3 patients, HBVDNA became negative during follow-up and remained
negative until the end of the study. By contrast, serum
HDV-RNA was detectable during the follow-up in 12/16
(75%) patients and alternating in 3 (Table 4).
HBV genotyping by commercial LiPA assay was
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available for only 7 patients: 4 (57%) HBV-D, 1 (14%)
HBV-A and 2 (28%) HBV-E. For the remaining 9
patients, with HBV-DNA titers lower than 1000 IU/ml,
the LiPA assay yielded negative results. The application
of a sensitive nested-PCR, allowed the genotyping
of 8/9 of LiPA negative patients. The HBV genotype
composition for this group with low HBV replication
was: 2 (22%) HBV-D, 5 (56%) HBV-A and 1 (14%)
HBV-E; quite different from that found in patients with
higher levels of HBV replication. The global results
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Table 3 Hepatitis B virus serological profile of patients
Serum HBV-DNA
1

Pat #1
Pat #2
Pat #3
Pat #4
Pat #5
Pat #6
Pat #7
Pat #8
Pat #9
Pat #10
Pat #11
Pat #12
Pat #13
Pat #14
Pat #15
Pat #16

2

HBsAg

Genotype

Anti-HBe

Status

Log10 (IU/mL) (range)

VC

Log10 (IU/mL) (range)

VC

Und
A
E
A
A
D
E
D
A
D
A
D
A
D
D
E

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive

Negative
Negative
Positive
Positive
Positive
Fluctuating
Fluctuating
Fluctuating
Fluctuating
Positive
Negative
Fluctuating
Negative
Fluctuating
Positive
Positive

NA
NA
2.80 ± 0.29 (2.60-3.01)
1.75 ± 1.20 (1.30-2.95)
3.25 ± 1.30 (2.13-4.35)
2.32 ± 0.70 (1.00-3.42)
1.36 ± 0.45 (1.00-2.48)
1.65 ± 0.92 (1.00-2.30)
1.62 ± 0.88 (1.00-2.48)
3.17 ± 0.56 (2.22-4.08)
NA
3.22 ± 1.40 (1.00-4.99)
NA
2.11 ± 0.73 (1.00-2.93)
2.76 ± 0.95 (1.97-4.76)
2.36 ± 0.10 (2.30-2.48)

NA
NA
0.10
0.69
0.40
0.30
0.33
0.56
0.54
0.18
NA
0.43
NA
0.35
0.34
0.04

4.40 ± 0.13 (4.20-4.48)
4.60 ± 0.09 (4.56-4.66)
4.46 ± 0.10 (4.39-4.53)
3.53 ± 0.14 (3.44-3.63)
4.87 ± 0.06 (4.86-4.93)
4.52 ± 0.27 (4.01-4.78)
3.94 ± 0.10 (3.80-4.12)
4.64 ± 0.07 (4.59-4.69)
4.17 ± 0.68 (3.68-4.64)
3.99 ± 0.19 (3.64-4.13)
4.55 ± 0.07 (4.48-4.63)
4.45 ± 0.09 (4.30-4.58)
3.85 ± 0.17 (3.73-3.97)
3.75 ± 0.10 (3.68-3.82)
3.55 ± 0.20 (3.20-3.73)
4.28 ± 0.10 (4.21-4.35)

0.03
0.02
0.02
0.04
0.01
0.06
0.03
0.02
0.16
0.05
0.02
0.02
0.04
0.03
0.06
0.02

1

Genotyping results obtained by the combined use of LiPA and PCR/Sequencing techniques (see material and methods); 2Evolution of HBV-DNA during
follow-up. Fluctuating is defined as a patient with alternating positive and negative samples. HBV: hepatitis B virus; VC: variation coefficient; NA: not
applicable; Und: undetermined genotype because of HBV-DNA negativity.

Table 4 Hepatitis delta virus serological profiles of patients
HDV markers

HCV markers
Serum HDV-RNA

Pat #1
Pat #2
Pat #3
Pat #4
Pat #5
Pat #6
Pat #7
Pat #8
Pat #9
Pat #10
Pat #11
Pat #12
Pat #13
Pat #14
Pat #15
Pat #16

1

Serum HCV-RNA

Genotype

Anti-HD IgM

Status

Log10 (copies/mL) (range)

VC

Anti-HCV

HCV-RNA

Und
A
E
A
A
D
E
D
A
D
A
D
A
D
D
E

Negative
Negative
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Negative
Negative
Positive

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Fluctuating
Fluctuating
Positive
Positive
Positive
Fluctuating
Negative
Positive

5.90 ± 0.31 (5.53-6.11)
5.69 ± 0.05 (5.64-5.72)
5.11 ± 0.12 (5.02-5.20)
4.38 ± 1.64 (2.60-5.84)
6.47 ± 0.64 (5.70-7.18)
4.55 ± 2.26 (1.08-5.75)
4.01 ± 0.31 (3.57-4.43)
4.13 ± 0.35 (3.89-4.38)
2.14 ± 0.99 (1.00-3.31)
4.07 ± 1.72 (1.00-5.07)
5.47 ± 1.33 (4.53-5.47)
4.76 ± 1.46 (1.70-6.22)
4.53 ± 0.16 (4.41-4.64)
3.08 ± 2.95 (1.00-5.17)
NA
6.26 ± 0.74 (5.74-6.78)

0.05
0.01
0.02
0.37
0.10
0.50
0.08
0.08
0.46
0.42
0.24
0.31
0.04
0.96
NA
0.12

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Positive
Negative

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
Negative
Negative
NA

1

Evolution of HDV-RNA during follow-up. Fluctuating is defined as a patient with alternating positive and negative samples. HDV genotype was I in the
16 samples analyzed. The number of patients with HCV infection was too low to perform statistical analysis. Und: undetermined genotype due to HBVDNA negativity. VC: variation coefficient; NA: not applicable; HBV: hepatitis B virus; HCV: hepatitis C virus; HDV: hepatitis delta virus.

(LiPA plus sequence analysis) presented the following
genotype distribution: 6 (37%) HBV-A, 6 (37%)
HBV-D, 3 (19%) HBV-E, and only one patient who
remained HBV-DNA negative for all follow-up samples
independently of the amplification technique used
(Table 3).
Although the rate of patients having received
previous antiviral treatment was higher in the group
infected with the genotype HBV-D (2/6: 33%), the
differences did not reach a statistical significance
compared to those infected with HBV-A (1/6: 17%, p
= 0.416) or HBV-E (1/3: 33%, p = 0.635) (Table 2).
Quantitative analysis of serum HBV-DNA levels
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also showed a different replication level according to
the HBV genotype (Figure 3A): HBV-DNA levels were
significantly higher in patients with HBV-D [median
(IQR): 3.49 (3.82-4.31) log10 (copies/ml)] than in
those infected with HBV-A or E [median (IQR): 1.79
(1.61-1.83), p = 0.022; and 1.75 (1.62-1.80), p
= 0.02; respectively]. In contrast, HDV-RNA titers
were similar in the three groups of patients [median
(IQR): 4.8 (2.54-5.78); 4.48 (1.00-5.10) and 4.06
(3.98-4.82) log10 (copies/ml), for genotypes A, D
and E, respectively]. No differences in HBV-DNA and
HDV-RNA levels were found in patients infected with
genotype HBV-D. By contrast, in patients carrying HBV
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Figure 3 Distribution of replication markers among the different hepatitis B virus genotypes. A: Box-Plot of HBV-DNA and HDV-RNA titers. In all the genotypes,
the HDV-RNA levels were higher than HBV-DNA. However, only significant differences between both markers were observed in those patients infected with HBV
genotypes A and E (p < 0.001). HBV-DNA titers were significant higher in those patients infected with genotype D than in those infected with HBV-A or E. B: Boxplot of HBsAg titers for the group of patients infected with different genotypes. Only significant differences were achieved between patients infected with HBV-D and
HBV-E. C: Box-Plot of the ALT values for patients infected with different HBV genotypes. Significant higher ALT values were observed in the group of patients infected
with HBV-A genotype. Extreme values are represented as circles or asterisks. HBV: hepatitis B virus; HDV: hepatitis delta virus; HBsAg: hepatitis B surface antigen.
3

genotypes A and E, HDV-RNA levels were significantly
higher.
Serum HBsAg was the most conserved HBV marker
for all patients, with lower fluctuations in the follow-up
period than that observed for HBV-DNA or HDV-RNA.
Moreover, the variation coefficient of HBsAg titers was
lower than the values observed for the viral genomes
for 12/16 (75%) of patients (Tables 2 and 3). However,
differences were found once more in the profile of this
marker by HBV genotype. HBsAg tended to be higher
4
in patients with HBV-D [median (IQR): 2.01 × 10 (7.32
3
4
× 10 -3.32 × 10 ) IU/mL] than in those with HBV-A
3
3
4
or E [7.13 × 10 (4.89 × 10 -3.81 × 10 ); and 9.17
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3

4

× 10 (7.85 × 10 -1.32 × 10 ) IU/ml, respectively].
These differences reached statistical significance in
HBV-E and HBV-D patients (See Figure 3B). Neither
direct correlation between HBsAg and HDV-RNA levels
2
in the study population (p = 0.252; r = 0.034) nor in
the different groups of patients according to the HBV
genotype were observed in the logistic regression
analysis.
ALT levels also showed differences by HBV
genotype. As shown in Figure 3C, the mean ALT value
was significantly higher in patients with genotype
2
A (mean ± SD: 1.44 × 10 ± 35.59 IU) than in
those with genotype D (mean ± SD: 58.59 ± 5.16,
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p = 0.026) or E (mean ± SD: 69.25 ± 5.93, p =
0.049). In several patients, the longitudinal analysis
of ALT fluctuations indicated a good correlation with
the changes in HDV-RNA levels. However, no direct
correlation among ALT levels and HBV or HDV titers
was found in the regression analysis of the total
samples.

over genotypes A or E. These results agree with other
reports finding differences in the transmission route
associated with HBV genotype for HBV/HIV coinfected
[19,20]
patients
. However, HBV genotyping with a highlysensitive “in-house” nested PCR method showed
HBV-A to be the predominant genotype in the group of
patients with low HBV replication levels, showing that
no difference existed in the prevalence of HBV-A or D
(37%). These results suggest that the prevalence of
HBV-A may be underestimated CHD patients due to its
association with the lowest HBV replication.
In chronic HBV patients, serum HBsAg levels
are considered to be a surrogate marker of HBV
[21]
replication . The HBsAg titers were the most
conserved HBV marker compared with HBV or HDV
genome levels. The dynamic analysis, therefore,
showed that HBsAg titers showed no significant
fluctuations, even in the presence of variability in the
quantitative analysis of HBV and HDV viremia. These
data suggest that HBsAg dynamics may not be a good
indicator of HBV fluctuations in the natural history of
untreated patients with CHD. This lack of correlation
can be explained by the high prevalence of HBeAg
negative patients in the study population. In this group
of patients, HBsAg correlates poorly with serum HBVDNA and cccDNA titers when compared with HBe
[22]
positive patients . On the other hand, in patients with
CHD, HBsAg kinetics is influenced by the simultaneous
replication of both HBV and HDV, since both agents
[23]
carried HBsAg in their envelopes . In this context,
the dynamic evolution of HBsAg is a complex result in
the number of circulating HBV and HDV particles and
the circulating HBV uninfectious subviral particles.
Noteworthy in this study the correlation of HBsAg
levels and HBV-DNA in patients with HBV-A or D was
absent. Recent data suggest that HBV replication is
inhibited by HDV infection at the intrahepatic level, as
[24]
shown by the decrease of cccDNA and pgRNA . In
contrast, the transcription activity of HBsAg remained
conserved, showing no difference between patients
with or without HDV superinfection. According to these
data, the transcription level of HBsAg is conserved for
both HBV-A or D irrespective of their differences in
[24]
replication levels .
Differences in HBV-DNA and HBsAg titers among
patients infected with different HBV genotypes do
not seem to be related with simultaneous infection
with HCV, or with the previous treatment pressure.
Thus, no difference in the incidence of HCV infection
or previous treatment history was found among the
different groups of patients.
The evolution of ALT levels showed an indirect
relation with serum HBV-DNA titers. HBV-A patients,
with the lowest replication level, showed significantly
higher ALT values than those with HBV-D or E. In
patients infected with HBV-A, HDV-RNA tended to be
higher than in other patients, probably indicating that
HDV replication plays a greater role than HBV in the
pathogenic process. However, recent studies on the

DISCUSSION
The analysis of HBV and HDV replication markers in
CHD patients showed that HDV was pre-eminent over
HBV replication. Thus, the mean serum HDV-RNA
titers were significantly higher than those for HBVDNA. In addition, in the longitudinal analysis, HDVRNA levels were persistently higher during follow-up
in 15/16 (94%) patients. These results agree with
previously described cross-sectional and longitudinal
[8,9,11]
studies
. However, the percentage of patients with
predominantly HBV replication was lower for our series
of patients (6%) than those reported (up to 30%),
probably due to the different ratio of HBeAg positive
[11]
patients included in these studies .
A more detailed analysis of the virological data has
shown that in CHD patients with CHD the extent of
inhibition of HBV replication could be HBV genotype
dependent: HBV-DNA titers were significantly higher
in HBV-D patients than in HBV-A and E patients.
Differences observed in the HBV-DNA titers were
due to a significant decrease of HBV-DNA in those
patients infected with genotype A, rather than to an
increase in patients infected with HBV-D, as confirmed
by the lack of significant differences in the HBV titers
among patients infected with genotype D from the
four groups of patients. This finding is in contrast with
data obtained in the group CHB patients, and with
[14]
previously reported data , in which no differences in
HBV-DNA levels were found between patients infected
with genotypes A or D.
No significant differences in HDV-RNA levels have
been found. Comparative analysis of serum HBV/HDV
titers showed that HDV-RNA remained significantly
higher than HBV-DNA for patients infected with
HBV-A and E, but no differences for the titers of both
replication markers were found for those infected with
HBV-D. The HBV and HDV replication data suggest that
for these patients there is a specific inhibition of HBV
replication, but not for HDV replication. The extent of
this inhibitory effect seems to be genotype dependent,
with a higher HDV inhibitory effect for HBV genotypes
A and E than for HBV-D.
A practical consequence of the correlation between
HBV genotype and viral replication level in the study
population is the potential misrepresentation of some
HBV genotypes. Only 44% of these patients had
“high-enough” HBV-DNA levels (higher than 1000
IU/ml) for LiPA testing of at least one sample during
follow-up. The genotypic composition of this group of
patients showed a predominance of HBV genotype D
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histopathological status of CHD patients found a lack of
correlation for the extent of pathological damage and
viral replication levels, suggesting that liver damage for
these patients may no longer be attributed to a direct
[25]
cytopathic effect of either HDV or HBV .
Differences in HBV-DNA and ALT levels between
patients infected with HBV-A or D can have thera
peutical consequences. Therefore, those patients
infected with HBV-A show, in these series of patients,
simultaneous low HBV-DNA levels and high ALT titers.
This is a predictive pattern of optimal response to
treatment with interferon based regimens. Based on
these results, the analysis of HBV genotype could be
taken into account in the algorithms for treatment
indication for delta infected patients.
The main limitations of our work were: (1) the
relative small sample number due to the fact that this
study was unicentric; and (2) we did not analyze viral
replication markers in liver tissue as most patients did
not have liver biopsy (for diagnostic proposal these
patients underwent Fibroscan). Thus, we have no data
on delta antigen and/or HDV-RNA levels in liver tissue.
In conclusion, HBV-DNA titer is a predictive pattern
of optimal response to treatment with interferon based
regimens. Our results suggest that in patients with
CHD the inhibition of HBV replication is genotypedependent. Viral replication interference between HBV
and HDV is more evident in patients infected with HBVgenotype A, than with HBV-D or E. Based on these
results, the analysis of HBV genotype, could be taken
into account in the algorithms for treatment indication
for delta infected patients. Therefore, in CHD patients
from geographical regions with a different distribution
of HBV genotypes, the replication behaviour of the
other HBV genotypes in large studies including a
high number of patients is warranted to clarify the
HBV/HDV interference process and its influence in
the disease outcome. In addition, the development of
effective HBV/HDV in vitro replication systems could
help to elucidate the molecular mechanism involved
in the replicative interference process in future works.
Finally, the analysis of other viral genetic variants,
such as HDV genotype and HBV pre-core/core variants
should be further studied to better understand the
HBV/HDV interference.

The most important topics in the treatment of chronic hepatitis delta (CHD) are:
(1) the identification of factors related with the evolution of liver fibrosis, like
HDV/HBV interactions; and (2) the identification of prognostic factors of liver
disease evolution.

Innovations and breakthroughs

Results obtained in this work suggest that in CHD patients the inhibition of HBV
replication is genotype-dependent. Viral replication interference between HBV
and HDV is more evident in patients infected with HBV-genotype A, than with
HBV-D or E.

Applications

Since HBV-DNA titer is a predictive pattern of optimal response to treatment
with interferon based regimens, results obtained in this work suggest that the
analysis of HBV genotype, could be taken into account in the algorithms for
treatment indication for delta infected patients.

Peer-review

Authors of this article described that HBV-A genotype infection interfere viral
replication than genotype D or E in HDV co-infected patients. The study is really
interesting and well conducted.
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Abstract
AIM: To explore probable mechanism underlying the
therapeutic effect of astragalus polysaccharide (APS)
against experimental colitis.

INTRODUCTION

METHODS: Thirty-two Sprague-Dawley rats were
randomly divided into four groups. Colitis was induced
with 2, 4, 6-trinitrobenzene sulfonic acid (TNBS).
The rats with colitis were treated with 400 mg/kg of
APS for 7 d. The therapeutic effect was evaluated
by colonic weight, weight index of the colon, colonic
length, and macroscopic and histological scores. The
levels of regulatory T (Treg) cells in Peyer’s patches
were measured by flow cytometry, and cytokines
in colonic tissue homogenates were analyzed using
enzyme-linked immunosorbent assay. The expression
of related orphan receptor-gt (ROR-gt), IL-23 and STAT5a was measured by Western blot.

Inflammatory bowel disease (IBD), including Crohn’
s disease and ulcerative colitis, is a chronic idiopathic
inflammatory disorder of the gastrointestinal tract.
The precise pathogenesis of IBD is not well-defined,
various factors, including genetic, environmental, and
immune factors, have been documented to contribute
to the development of intestinal homeostasis
disruption and excessive inflammatory responses in
[1]
the gut . Peyer’s patches (PPs) are mainly distributed
in the human ileum and serve as important antigen
entry sites in gut-associated lymphoid tissue (GALT).
PPs play a critical role in modulating intestinal
inflammatory responses or tolerance, and IBD
patients usually had abnormalities in the PPs, as
featured uncontrolled innate and adaptive immune
[2,3]
responses .
Regulatory T (Treg) cells are heterogeneous
populations of the adaptive immune system enriched
in PPs that suppress over-activated immune response
as well as maintain tolerance. Forkhead box protein 3
+
(Foxp3) Treg cells are one of these populations that
constitutively express Foxp3 and the high-affinity
α-chain of interleukin (IL)-2 receptors. Animal studies
+
showed that Foxp3 Treg are required to prevent and
[4-6]
treat experimental colitis . Th17 cells converted from
Treg cells due to low expression of transforming growth
factor-β (TGF-β) cause IBD by excessive production
of pro-inflammatory factors including IL-17, IL-6, and
[7-10]
IL-23
. Therefore, regulating the functions of Treg
cells might be a promising strategy for the treatment
[11,12]
of IBD
.
Astragalus membranaceus (AM) is a Chinese
herb that has been widely used in China for more
than 2000 years to strengthen human immunity.
Active components of AM include astragalosides Ⅰ-Ⅶ
(saponins), polysaccharides, amino acids, flavonoids
[13,14]
and trace elements
. AM and its active components
have been demonstrated to exert potent therapeutic
effects against a number of diseases such as diabetes
[15]
[13,16,17]
mellitus
and cardiovascular disorders
.
Astragalus polysaccharide (APS) is an important active
component extracted from AM and is comprised of
the uniform polysaccharide fraction obtained after
[18]
direct water decoction . APS has received a great
[19]
deal of attention in view of its antioxidation ,
[20]
[20]
[21]
immunoregulatory , antiviral , antitumor activities
[22,23]
and cardiovascular protective properties
. Previous
studies showed that oral AM and intraperitoneal
administration of APS could diminish the overexpression

RESULTS: After 7-d treatment with APS, the weight
index of the colon, colonic weight, macroscopical and
histological scores were decreased, while the colonic
length was increased compared with the model group.
The expression of interleukin (IL)-2, IL-6, IL-17, IL-23
and ROR-gt in the colonic tissues was down-regulated,
but Treg cells in Peyer’s patches, TGF-β and STAT5a in
the colonic tissues were up-regulated.
CONCLUSION: APS effectively ameliorates TNBSinduced experimental colitis in rats, probably through
restoring the number of Treg cells, and inhibiting IL-17
levels in Peyer’s patches.
Key words: astragalus polysaccharide; colitis; regulatory
T cells; interleukin-17
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Regulatory T (Treg) cells are important to
maintain intact mucosal barrier, and dysfunction of
Treg cells is closely associated with the development
and progression of inflammatory bowel disease.
Astragalus membranaceus (AM) is a Chinese herb
and has been used for years to strengthen immunity
and its root extract has been shown to protect rats
against hapten-induced colitis. However, as a main
active component of AM, it is still unknown whether
astragalus polysaccharide (APS) could protect against
experimental colitis by regulating Treg cells. In our
study, we found that APS effectively ameliorated 2, 4,
6-trinitrobenzene sulfonic acid-induced experimental
colitis in rats, probably through restoring the number
of Treg cells, and inhibiting IL-17 levels in Peyer’s
patches.
Zhao HM, Wang Y, Huang XY, Huang MF, Xu R, Yue HY, Zhou
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of tumor necrosis factor (TNF)-α and IL-1β during
[13,23]
experimental colitis induced by hapten
. However, it
is still not elucidated whether oral administration of APS
could also provide a protective effect during colitis and
what is the underlying mechanism, especially its role
in regulating the function of Treg cells. In the current
study, we investigated the curative effect of APS in
2,4,6-trinitrobenzene sulfonic acid (TNBS) induced
experimental colitis in rats, and measured the level of
Treg cells in PPs and Treg/Th17 associated cytokines to
explore its mechanism.

24 h by gavage for 7 d), an APS treatment group
(TNBS + APS; rats were administrated with TNBS
and received APS at 400 mg/kg per day after 24 h by
gavage for 7 d), and a mesalazine treatment group
(TNBS + MES; rats were administrated with TNBS and
received mesalazine at 300 mg/kg per day after 24 h
by gavage for 7 d). Two days after the last treatment,
all rats were sacrificed after deep anesthesia by
intraperitoneal administration of urethane (2.0 g/kg).

Macroscopical evaluation

The distal 8 cm of the colon from the rectum was
removed rapidly and measured for its length,
opened longitudinally along colonic mesentery with
isotonic saline and assessed for macroscopic injuries
[25]
according to the criteria described by Liu et al . The
criteria were as follows: 0: normal appearance; 1:
focal hyperaemia, no ulcers; 2: ulceration without
hyperaemia or bowel wall thickening; 3: ulceration
with inflammation at one site; 4: ≥ two sites of
ulceration and inflammation; 5: major sites of damage
extending > 1 cm along the length of the colon; and
6-10: damage extended to > 2 cm along the length
of the colon, increasing the score by one for each
additional centimeter of damage. Colon weight index
(colonic weight/body weight × 100%) was calculated
(n = 8). The colonic tissues were separated into two
parts. One part was fixed and stained for microscopic
evaluation, and the other part was prepared into tissue
homogenate for enzyme-linked immunosorbent assay
(ELISA) and Western blot.

MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats weighing 200 to 220 g
were purchased from the Animal Center of Peking
University Health Science Center (The animal
certificate number was SCXK 2012-0001). All rats
were caged at 20 ± 2 ℃ with a humidity of 50% ±
5% in a 12 h light/dark cycle with food and water ad
libitum. The animals were acclimatized for 7 d and the
experiment was performed according to the Guidelines
of Jiangxi University of Traditional Chinese Medicine
(TCM) Animal Research Committee. The experimental
protocols were approved by Jiangxi University of TCM
Biomedical Ethics Committee Experimental Animal
Ethics Branch (JZ2014-78).

Drugs

TNBS (batch number: p2297) was purchased from
Sigma (St. Louis, MO, United States). APS (batch
number: HQ090312, purity > 98% by HPLC) was
provided by Sciphar (Xi’an, Shannxi province, China).
Mesalazine (batch number: 130407) was purchased
from Sunflower Pharma (Jiamusi, China)

Microscopical evaluation

The colon was fixed in 4% paraformaldehyde solution
for at least 7 d, and then processed for paraffin
sectioning and hematoxylin-eosin staining (n = 8).
The microscopic evaluation including inflammatory
cell infiltration and tissue damage was performed
[25]
as described previously by Liu et al
and Schmidt
[26]
et al . Scores of infiltration are as follows: 0: no
infiltration; 1: increased number of inflammatory cells
in the lamina propria; 2: inflammatory cells extending
into the submucosa; and 3: transmural inflammatory
cell infiltration. The scores of tissue damage are as
follows: 0: no mucosal damage; 1: discrete epithelial
lesions; 2: erosions or focal ulcerations; and 3: severe
mucosal damage with extensive ulceration extending
into the bowel wall.

TNBS induced colitis in rats

TNBS was applied to induce experimental colitis as
[24,25]
described previously
. Briefly, after a 12-h fast,
rats were lightly anesthetized with pentobarbital
(60 mg/kg, i.p.) and then administrated with TNBS
solution (100 mg/kg TNBS was dissolved in 0.3 mL
of 50% ethanol) into the colon at the depth of 8 cm
from the rectum using a soft polyethylene catheter
(the diameter is 2 mm). Normal control animals
received rectal administration with the same volume
of physiological saline. The rats were maintained in a
head-down posture for 15 min to fill with the colon.

Isolation of lymphocyte from intestinal PPs

Experimental protocol

After the colon was separated, PPs were sheared
from the small intestine, triturated in 3% fetal calf
serum (FCS)/PBS solution on ice, and filtrated via
a 300 section stainless steel cell cribble to obtain
lymphocytes. Cells were centrifuged at 5000 rpm
at 4 ℃ for 2 min and suspended at a density of 1 ×
6
7
10 -10 /mL.

A total of 32 rats were randomly assigned to 4 groups
with 8 mice in each group: a normal group (rats
were administrated with physiological saline into
the colon and then physiological saline after 24 h by
gavage for continuous 7 d), a TNBS group (rats were
administrated with TNBS and physiological saline after
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Figure 1 Representative images of colons and colonic character assay. A: Representative images of colons; B: Colonic length; C: Colonic weight; D: Weight
index of the colon. Data are mean ± SEM (n = 8). bp < 0.01, ep < 0.001, fp < 0.0001 vs normal group; ap < 0.05 vs TNBS group. TNBS: 2,4,6-trinitrobenzene sulfonic
acid; APS: Astragalus polysaccharide; MES: Mesalazine.

Measurement of CD4+CD25+Foxp3+ Treg cells by flow
cytometry

States).

Western blot analysis

Cells from intestinal PPs were resuspended in 3%
FCS/PBS solution at a final cell concentration of 1 ×
6
7
10 -10 /mL. The cell suspension (n = 8) was incubated
for 30 min with APC conjugated anti-rat CD4 antibody
(RM4-5) and PE conjugated anti-mouse CD25 antibody
(PC61.5)at 37 ℃ in dark. Cells were centrifuged at
5000 rpm at 4 ℃ for 2 min, fixed in Fix/Perm Buffer
(eBioscience, San Diego, CA, United States) for at least
1 h at 37 ℃, and then incubated with FITC conjugated
+
anti-mouse Foxp3 antibody (FJK-16s) for 30 min at
37 ℃ in the dark. Cells labeled with PE conjugated rat
IgG2a were used as the isotype negative control. Rate
+
+
+
of CD4 CD25 Foxp3 Treg cells was analyzed using
FACS Calibur (BD Biosciences).

Colonic tissues were washed twice with cold PBS.
Samples from each group were pooled and crushed
using a pestle in liquid nitrogen. For each 25 mg of
tissue, 100 mL lysis buffer (7 mol/L urea, 2 mol/L
thiourea, 4% CHAPS, 30 mmol/LTris, 2 mmol/L
DTT was added. The mixture was sonicated on
ice and centrifuged at 15000 g at 4 ℃ for 5 min.
The supernatant containing the tissue protein was
quantified using a BCA Protein Assay Kit. Intestinal
[27,28]
proteins (20-40 μg) were used for Western blot
.
The primary antibodies including rabbit anti-GAPDH
(1:2000), anti-IL-23 (1:2000), anti-related orphan
receptor-γt (ROR-γt) (1:2000) and anti-STAT-5a
(1:1000) were purchased from Abcam (Cambridge,
United Kingdom). Bands were quantified using ImagePro Plus 5.0 software (Media Cybernetic, Bethesda, MD,
United States).

ELISA

To quantify colonic tissue cytokines, 50 mg of
colonic tissue was extracted using 500 μl of 5 mol/L
guanidine-HCl and 50 mmol/LTris-HCl (pH 8.0) with
a protease inhibitor. The extracts were centrifuged
at 15000 g for 30 min at 4 ℃ to remove insoluble
materials. The supernatant fractions were analyzed
with an ELISA kit (n = 8) following the manufacturers’
instructions (eBioscience, San Diego, CA, United

WJG|www.wjgnet.com

Statistical analysis

Data are shown as mean ± standard error of mean
(SEM). Statistical analysis was performed using
analysis of variance (ANOVA) followed by the Tukey’s
test using the Prism 6 software. A P value < 0.05 was
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Figure 2 Representative histological images and injury scores. A: Representative histological images stained with HE. F1: Normal; F2: TNBS; F3: TNBS + APS;
F4: TNBS + MES. Bar = 100 μm. B: Macroscopic scores. C: Histological scores. Data are mean ± SEM (n = 8). ep < 0.001, fp < 0.0001 vs Normal group; ap < 0.05, bp
< 0.01, cp < 0.0001 vs TNBS group. TNBS: 2,4,6-trinitrobenzene sulfonic acid; APS: astragalus polysaccharide; MES: mesalazine.

considered statistically significant.

compared with the normal group. Treatment with APS
ameliorated TNBS induced colonic injuries as shown
by increased colonic length, decreased colonic weight,
colonic weight index and macroscopic score compared
with the TNBS group, and similar effects were
observed in the TNB + MES group (Figure 1B, C and
D). As shown in Figure 2A, abundant inflammatory
cell infiltration, colonic epithelium loss, ulcerative
formation, incrassate intestinal wall and fewer red cells
were seen in the colonic mucosa in the TNBS group.
Noticeably, those histological changes were attenuated
remarkably in the TNBS + APS and TNBS + MES
groups (Figure 2A, F3 and F4). Blinded histopathology
evaluation was consistent with H&E staining, indicating

RESULTS
APS ameliorates colonic mucosal injuries in TNBS
induced colitis in rats

After intracolonic installation of TNBS for 7 d, stool
frequency was increased, stool was loose with mucus
and hemorrhages, and apparent colonic mucosal
injuries including hyperaemia, edema, bleeding and
ulcer were found on the surface of the colonic mucosa
(Figure 1A).The colonic lengths were significantly
shortened, and colonic weight, colonic weight index
and macroscopic score were higher in the TNBS group
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of CD4, CD25 and Foxp3 expression in each group. Ordinate indicates cell counts; abscissa represents fluorescent intensity. B: Levels of CD4+CD25+Foxp3+ T
cells. Data are mean ± SEM (n = 8). ap < 0.05 vs normal group; bp < 0.01, fp < 0.0001 vs TNBS group. TNBS: 2,4,6-trinitrobenzene sulfonic acid; APS: astragalus
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APS increases the expression of retinoid-ROR-γ t and
STAT-5 in the colonic mucosa

that APS effectively ameliorates colonic injury induced
by TNBS (Figure 2C).

To investigate the mechanism of APS in regulating the
expression of Treg cells, we evaluated the expression
of ROR-γt and STAT-5 in the colonic mucosa by
Western blot. Compared with the TNBS group, the
result of ROR-γt was contrary to that of STAT-5 (Figure
5). Compared with the normal group, the TNBS group
showed increased ROR-γt expression and decreased
STAT-5 expression, and treatment with APS and MES
decreased ROR-γt expression and increased STAT-5
expression significantly.

APS improves the level of Treg cells in intestinal PPs

To observe changes of Treg cells in intestinal PPs, the
+
+
+
+
+
levels of CD4 CD25 T cells and CD4 CD25 Foxp3 T
cells were analyzed by flow cytometry. As shown in
Figure 3, compared with the normal group, reduced
+
+
+
CD4 CD25 Foxp3 T cells were shown in PPs of TNBSinduced colitis rats. Treatment with APS significantly
improved the deduction of these Treg cells in TNBS
groups, with slightly better effect on increasing Treg
cells compared with the MES treated group.

DISCUSSION

APS regulates cytokine expression in the colonic
mucosa

IBD is a chronic, relapsing-remitting gastrointestinal
[29]
disease with unknown etiology . It is characterized
[30]
by mucosal inflammation and ulcerative formation .
We established a murine model of colitis by intracolonic
injection of TNBS. Colonic tissue from TNBS
administrated mice showed apparent pathological
changes including serious hyperemia, edema, and
ulcers. APS effectively attenuated mucosal injuries
in mouse experimental colitis by shortening colonic
length, decreasing weight index of the colon, and
reducing macroscopic and histological scores (Figures
1 and 2).

ELISA and Western blot were performed to evaluate
the levels of IL-17, IL-2, IL-6, TGF-β and IL-23 in the
colonic tissue. As shown in Figures 4 and 5B, the
levels of IL-2, IL-6, IL-17 and IL-23 were significantly
increased and the level of TGF-β was significantly
decreased in colonic tissues in the TNBS group
compared with the normal group. Treatment with APS
and MES reversed the changes in these cytokines,
indicating that the protective effect of APS might
be mediated through regulation of pro- and antiinflammatory cytokines.
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systemic lupus erythematosus, rheumatoid arthritis,
[32]
psoriasis and IBD . In IBD, the suppressive
function of Treg cells from the peripheral blood or
intestinal mucosal tissue was mostly implemented by
maintaining normal cell contact-dependent, cytokineindependent suppressive capacity, and inhibiting
proliferation and cytokine production, even restraining
pathogenic T-effector cells derived from the inflamed
[33]
mucosa .
Notably, adoptive transfer of Treg cells can boost
and restore Treg cells quantity and function, and
may effectively prevent IBD, halt the progression of
established IBD, and then reverse pathology of IBD.
So restoring the suppressive function of Treg cells is
an effective strategy to prevent and treat recurrent
[34-37]
attacks of IBD
.
The function of Treg cells can be weakened by
[11]
a high level of IL-17 locally . Many studies have
indicated that lower level of Treg cells with excessive
IL-17 were important characters in the pathogenesis
[38]
and prognosis of IBD . IL-17 has a variety of potent
pro-inflammatory activities which directly and indirectly
[39]
cause the destruction of the colonic mucosa . In the
present study, APS effectively ameliorated intestinal
inflammation during experimental colitis, and APS

As a bioactive chemical in AM, APS is widely used
to treat chronic colitis in clinic for its multi-targeting
biological activities, including antioxidant, radical
scavenging and anti-inflammatory activities and
[18]
immune regulation . Although APS has been used
widely to treat chronic colitis for centuries in China, its
mechanism, especially the anti-inflammatory effect, is
ill-defined. It is unknown whether APS could regulate
the number and suppressive function of Treg cells in
the intestine mucosa during IBD.
Previous studies suggest that abnormal mucosal
+
CD4 T cell immune responses in the intestinal tract
[31]
lead to the occurrence and development of IBD .
As an uppermost organ induced mucosal immune
response in the intestinal tract, PPs establish their
importance in the immune surveillance of the
intestinal lumen and in the generation of the immune
response within the mucosa, and they are covered
by special immune cells that contain dendritic cells,
B-lymphocytes, and T-lymphocytes.
+
Treg cells constitute up to 6% of the CD4 T cells
in human peripheral blood and also reside in the
human intestine. Treg cells play a crucial role in the
maintenance of self-tolerance and the prevention
of autoimmune diseases such as multiple sclerosis,
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+

+

improving TGF-β to induce the expression of Foxp3
[44,45]
and activation of Treg cells
. A previous study
has shown that STAT-5 knockdown could lessen the
inhibiting effect of IL-2 to up-regulate the expression
[46]
of ROR-γt . In addition, IL-23 can promote the
[47,48]
expression of IL-17 in the meantime
, and TGF-β
can promote initial T cells to differentiate into Treg cells
in a lower level of IL-6. Interestingly, on the contrary,
a high level of IL-6 also promotes the production of
[49,50]
IL-17
. So the balance of Foxp3/ROR-γt is still
affected by cytokines such as IL-6 and IL-23. It is
known that IBD is characterized by a cytokine-driven
mixed inflammatory infiltrate in the intestinal mucosa.
Multiple interleukins including IL-2, IL-6, IL-12, IL-17,
and IL-23 have been found to be elevated in IBD
[51,52]
patients and colitis animals
. In our mice with
+
experimental colitis, the level of Foxp3 T cells in PPs
was decreased while the ROR-γt was up-regulated
in the colonic mucosa (Figures 3 and 5C). It showed
that the balance of Foxp3/ROR-γt was interrupted in
the forming process of IBD. Meanwhile, in the colonic
mucosa, the expression of IL-2, IL-6, IL-17, IL-23
and ROR-γt was increased, and the levels of TGF-β
and STAT-5 were decreased. Based on the above
results, the expression of IL-17 was increased and

treatment increased the number of CD4 CD25 T cells
+
+
+
(data not shown) and CD4 CD25 Foxp3 T cells in
colonic tissue (Figure 3), and decreased the level of
IL-17 (Figure 4). These results suggest that APS might
exert a protective effect toward colitis by inducing Treg
cells and inhibiting IL-17 secretion.
Abundant factors including transcription factors
(such as STAT-5), cytokines (such as IL-2, IL-6 and
IL-23), nuclear receptors (such as ROR-γt) and growth
factors are involved in maintaining the quantity and
inhibitory function of Treg cells. As a specific mark
of Treg cells, Foxp3 is a determinant factor in the
[40]
development and gain-of-function of Treg cells .
TGF-β enhances the expression of Foxp3 and ROR[10]
γt . Foxp3 inhibits the expression of ROR-γt and IL-17
[38]
to improve the level of Treg cells . In fact, in patients
with IBD, a high level of IL-17 accompanied by RORγt overexpression may aggravate inflammatory injury
of the colonic mucosa, and lead to IBD recurrence.
Fundamental roles of IL-17 and ROR-γt in the
pathogenesis of IBD were realized by inhibiting the
[41]
function of Treg cells . Meanwhile, the balance
of Foxp3/ROR-γt determines the level of initial T
[42,43]
cells transformed into Treg cells
, and regulates
STAT-5 by inhibiting the expression of ROR-γt, and/or
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radical scavenging and anti-inflammatory activities and immune regulation.
However, it is ambiguous whether APS regulates the level of Treg cells in
Peyer’s patches. In the present study, the results had confirmed that APS
effectively treated experimental colitis by recovering the functional status of
Treg cells. The evidences enriches the immunological mechanisms of ASP in
treatment of IBD.

the level of Treg cells was decreased in the TNBS
induced colitis in colonic tissue. It hints that relations
between expression of IL-17 and function of Treg
cells were according with the balance of Foxp3/RORγt and related above-mentioned factors in this model.
In the present study, after 7-d treatment with APS,
expression of IL-2, IL-6, IL-17, IL-23 and ROR-γt was
notably inhibited, and the levels of TGF-β and STAT-5
were up-regulated in the TNBS + APS groups. These
demonstrate that APS might inhibit the expression of
ROR-γt to regulate the balance of Foxp3/ROR-γt and
decrease the secretion of pathogenic IL-17. On one
hand, APS improved STAT-5 to suppress the level of
ROR-γt and to potentially promote transformation of
Th17 cells into Treg cells. Meanwhile, APS decreased
the level of IL-6, increased TGF-β to increase Treg
cells, and reduced the expression of IL-23. All results
suggest that APS possibly protected the colon possibly
by enhancing the level of inhibitory Treg cells and
decreasing the production of IL-17. Consequently, the
immune suppression of Treg cells was recovered, and
the level of IL-17 was down-regulated after treatment
with APS.
In summary, APS exerts an effective therapeutic
effect against experimental colitis by recovering the
functional status of Treg cells, and restraining the
expression of IL-17 in PPs.
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Abstract

Institutional review board statement: The study was reviewed
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AIM: To investigate the apoptotic effects of melittin
on SGC-7901 cells via activation of the mitochondrial
signaling pathway in vitro .

Institutional animal care and use committee statement:
This article does not include animal trials.

METHODS: SGC-7901 cells were stimulated by
melittin, and its effect on proliferation and apoptosis
of was investigated by methyl thiazolyl tetrazolium
assay, morphologic structure with transmission electron
microscopy, annexin-V/propidium iodide double-staining
assay, measuring mitochondrial membrane potential
(MMP) levels, and analyzing reactive oxygen species
(ROS) concentrations were analyzed by flow cytometry.
Cytochrome C (Cyt C), apoptosis-inducing factor (AIF),
endonuclease G (Endo G), second mitochondria-derived
activator of caspases (Smac)/direct IAP binding protein
with low isoelectric point (Diablo), and FAS were
analyzed by western blot. The expression of caspase-3
and caspase-8 was measured using activity assay kits.
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6.0 μg/ml for 1, 2, 4, 6, or 8 h and showed a timeand concentration-dependent inhibition of SGC-7901
cell growth. Melittin induced SGC-7901 cell apoptosis,
which was confirmed by typical morphological changes.
Treatment with 4 μg/ml melittin induced early apoptosis
of SGC-7901 cells, and the early apoptosis rates were
39.97% ± 3.19%, 59.27% ± 3.94%, and 71.50%
± 2.87% vs 32.63% ± 2.75% for 1, 2, and 4 h vs 0
h (n = 3, P < 0.05); the ROS levels were 616.53%
± 79.78%, 974.81% ± 102.40%, and 1330.94% ±
93.09% vs 603.74% ± 71.99% (n = 3, P < 0.05); the
MMP values were 2.07 ± 0.05, 1.78 ± 0.29, and 1.16
± 0.25 vs 2.55 ± 0.42 (n = 3, P < 0.05); caspase-3
activity was significantly higher compared to the control
(5492.3 ± 321.1, 6562.0 ± 381.3, and 8695.7 ± 449.1
vs 2330.0 ± 121.9), but the caspase activity of the
non-tumor cell line L-O2 was not different from that of
the control. With the addition of the caspase-3 inhibitor
(Ac-DEVD-CHO), caspase-3 activity was significantly
decreased compared to the control group (1067.0 ±
132.5 U/g vs 8695.7 ± 449.1 U/g). The expression
of the Cyt C, Endo G, and AIF proteins in SGC-7901
cells was significantly higher than those in the control
(P < 0.05), while the expression of the Smac/Diablo
protein was significantly lower than the control group
after melittin exposure (P < 0.01). Ac-DEVD-CHO did
not, however, have any effect on the expression of
caspase-8 and FAS in the SGC-7901 cells.

INTRODUCTION
Despite a major decline in its incidence and mortality
over the last several decades, gastric cancer (GC)
remains the fourth most common cancer and the
second leading cause of cancer deaths (about 800000
[1,2]
per year) worldwide . There is a 10-fold variation in
the incidence among populations at the highest and
lowest risk. High-risk areas include East Asia (Japan,
[3-5]
China) , Eastern Europe, and parts of Central and
[6]
South America . GC incidence is approximately two
times higher among men than women. Prognosis is
generally rather poor, with a 5-year relative survival
[7]
rate below 30% in most countries . As with other
cancer, treatment of GC is adapted to the size, location,
and extent of the tumor, as well as disease staging
[8]
and patient’s health condition . Stomach cancer is
difficult to cure unless it is diagnosed at an early stage
[9]
(before the tumor cells have begun to spread) .
Unfortunately, because early stomach cancer causes
few symptoms, the disease is usually advanced when
the diagnosis is made. Treatments for stomach cancer
may include surgery, chemotherapy, and/or radiation
[3,10,11]
therapy
. New treatment approaches, such as
biological therapy and improved ways of using current
[12,13]
methods, are being studied in clinical trials
.
Metastasis occurs in 80%-90% of individuals with
stomach cancer, with a 6-mo survival rate of 65% in
those diagnosed at early stages and less than 15% at
late stages. Therefore, there is an urgent need for new
and curative agents against GC, including plant and
animal-derived bioactive compounds.
Melittin is a major active ingredient from bee
venom, making up 50% of its dry weight. The
compound is a small, amphiphilic peptide containing
[14]
26 amino acid residues . Many studies reported that
melittin has strong anti-tumor roles against human
[15-18]
renal, lung, liver, prostate, bladder, ovarian
, and
[19]
mammary cancer cells
as well as leukemia through
enhancement of DR3, DR4, and DR6 expression,
activating the transforming growth factor β activated
kinase 1-c-jun NH2 terminal kinase/p38 pathway,
and inhibition of janus activated kinase 2 (JAK2)/
signal transducer and activator of transcription 3
(STAT3) and I-kappa B-alpha kinase/NF-kappa B
[20,21]
[8]
pathways
. Our previous research demonstrated
that recombinant melittin could induce the apoptosis of
U937 cells through the AKT pathway. In this paper, we
elucidated the molecular mechanism by which melittin
induces GC cell apoptosis. Once the anti-tumor effects
of melittin are clearly characterized, this peptide may
become a therapeutic target against GC in the future.

CONCLUSION: Melittin can induce apoptosis of human
gastric cancer (GC) cells through the mitochondria
pathways, and it may be a potent agent in the treatment
of human GC.
Key words: Melittin; Gastric cancer; Mitochondrial;
Apoptosis; Cytochrome C
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: SGC-7901 cells stimulated by melittin dis
played typical apoptotic morphology. In addition,
reactive oxygen species release was induced, and the
mitochondrial membrane permeability was rendered
irreversibly open, causing a reduction in the mitochondrial
membrane potential. These changes increased the
release of cytochrome C, apoptosis-inducing factor, and
endonuclease G and decreased second mitochondriaderived activator of caspases (Smac)/direct IAP binding
protein with low isoelectric point (Diablo), which activated
downstream caspase-3 and induced apoptosis.
Kong GM, Tao WH, Diao YL, Fang PH, Wang JJ, Bo P, Qian
F. Melittin induces human gastric cancer cell apoptosis via
activation of mitochondrial pathway. World J Gastroenterol
2016; 22(11): 3186-3195 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i11/3186.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i11.3186
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MATERIALS AND METHODS
Cell culture

SGC-7901 cells (Cell Bank of the Chinese Academy
of Sciences, Shanghai, China) were cultured and
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maintained in Roswell Park Memorial Institute-1640
media; the L-O2 cells (NanJing KeyGen Biotech Co.,
Ltd, Nanjing, China) were cultured and maintained
in Dulbecco’s Modified Eagle’s Medium; which were
supplemented with heat-inactivated fetal bovine
serum (FBS, 10%), L-glutamine (2 mmol/L), penicillin
(100 IU/ml), and streptomycin (100 μg/ml) in a
humidified incubator aerated with 5% CO2 at 37 ℃.
When the cells reached 70%-80% confluence, they
were trypsinized, counted, and treated with melittin in
complete cell medium. The control cells were treated
with phosphate buffered saline (PBS) for the same
duration.

Co., Ltd Nanjing, China) according to the manufacturer’
s instructions. The SGC-7901 cells were plated in
6
6-well plates (1 × 10 cells/well) and allowed to attach
overnight prior to treatment. Melittin (4 μg/ml) or
medium was added for 1, 2, or 4 h. Afterwards, the
cells were washed with 0.1 mol/l PBS and collected
in a tube. JC-1 (500 μl), at a final concentration of
10 μg/mL, was gently added to the tube. Then, the
cells were incubated for 20 min in the dark and were
washed with the buffer at 37 ℃ three times. The
supernatant was removed by centrifuging at 1000 rpm
for 5 min. The suspension was analyzed by fluorescent
confocal microscopy (FCM). Each experiment was
repeated three times.

Growth inhibition assay

Apoptosis detection assay

The effect of melittin on the growth and survival
of SGC-7901 cells was determined by the methyl
thiazolyl tetrazolium (MTT) assay. Cells were plated
4
at 1 × 10 per well in 96-well microtiter plates and
treated with melittin (Sigma, St. Louis, MO, United
States) at 1.0, 2.0, 4.0, or 6.0 μg/ml for 1, 2, 4, 6, or
8 h. Twenty microliters MTT (5 mg/ml, Sigma) was
added to each well, and the plates were incubated for
an additional 4 h at 37 ℃. The medium was replaced
with dimethyl sulfoxide to dissolve the formazan
produced from MTT by viable cells. Absorbance
at 450 nm is proportional to the number of live
[22]
cells . Cell viability, expressed as the absorbance
of melittin-treated cells, is reported relative to PBStreated controls. Each experiment was repeated three
times. The cell inhibitory ratio was calculated by the
following formula: inhibitory ratio (%) = [1 - (average
absorbance of the treated group/average absorbance
[10]
of the control group)] × 100% .

Cells undergoing apoptosis were identified using
an Annexin V-fluorescein isothiocyanate (FITC)
Apoptosis Detection Kit (NanJing KeyGen Biotech Co.,
Ltd, Nanjing, China) according to the manufacturer’
5
s instructions. Briefly, 5 × 10 cells were washed in
PBS and resuspended in 400 μl of binding buffer.
Propidium iodide (PI) and FITC-conjugated Annexin V
were added, and the cell suspension was incubated for
30 min in the dark. The stained cells were subjected
immediately to flow cytometry, and the results were
analyzed using Cell Quest 3.3 software (FACScan, BD,
United States).

Reactive oxygen species generation assay

The ROS levels in the cells of the control and treatment
groups were determined by the Reactive Oxygen
Species Assay Kit (Beyotime Institute of Biotechnology,
Shanghai, China). Briefly, the SGC-7901 cells were
6
plated in 6-well plates (1 × 10 cells/well) and allowed
to attach overnight. After treatment with melittin (4
μg/ml) or medium for 1, 2, or 4 h, the cells were
further incubated with 10 mmol/l dichlorofluorescein
diacetate (DCFDA) at 37 ℃ for 20 min. For the
6
positive control group, 1 × 10 cells labeled with
dichlorodihydrofluororescein diacetate were treated
with 1 mL Rosup for 1 h. Subsequently, the cells were
removed, washed, re-suspended in PBS, filtered with
300 apertures, and analyzed for DCF fluorescence by
FCM. Approximately 10000 cells were evaluated in
each sample. Each experiment was repeated three
times.

Ultrastructure detection

The changes in the ultrastructure of the SGC-7901
cells were observed under transmission electron
microscopy (TEM). The cells were treated with melittin
(4 μg/ml) or medium in the logarithmic growth
phase for 1, 2, or 4 h, and the cell suspension was
centrifuged at 1000 × g and 4 ℃ for 5 min. Then, the
supernatant was discarded, and the pellet was washed
with 0.1 mol/l PBS three times, after which the cells
were fixed in suspension with 2.5% glutaraldehyde at
4 ℃ and as a pellet for 2 h before being washed with 0.1
mol/l PBS three times. Subsequently, the pellets were
post-fixed using 1% osmic acid in 0.1 mol/l sodium
cacodylate for 30 min at room temperature; they
were then washed again in distilled water, dehydrated
in a graded series of acetone, and embedded in
ethoxy resin. Ultra-thin sections were cut by using an
ultramicrotome, which was equipped with a diamond
knife, and counterstained with lead citrate. The cells
were examined under TEM.

Caspase-3 and caspase-8 activity detection

The activity of caspase-3 and caspase-8 were
determined using caspase-3 and caspase-8 activity
assay kits (Beyotime Institute of Biotechnology,
Shanghai, China). Briefly, SGC-7901 cells were plated
7
in culture dishes (1 × 10 cells/flask) and allowed
to attach overnight. After treatment with melittin (4
6
μg/ml) or medium for 1, 2, or 4 h, the cells (2 × 10
cells) were incubated in 100 μl lysis buffer for 15 min
on ice. The cell lysates were centrifuged at 13000 ×
g for 15 min at 4 ℃. The supernatants were collected

Mitochondrial membrane potential assay (ΔΨm)

The MMP was measured by flow cytometry using the
JC-1 Apoptosis Detection Kit (NanJing KeyGen Biotech
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and added to an ice-cold centrifuge tube. The blank
solution, containing 90 μl reaction buffer and 10
μl Ac-DEVD-pNA, and the sample solution for each
group, containing 75 μl reaction buffer, 15 μl sample,
and 10 μl Ac-DEVD-pNA, were incubated in a 96-well
microplate overnight at 37 ℃. The caspase-3 activity
was measured at 405 nm using a microplate reader.
Ac-DEVD-CHO (20 μmol/l), a specific caspase-3
inhibitor, was used to determine whether melittin could
induce apoptosis. These experiments were performed
three times independently.

incubated with melittin at 1.0, 2.0, 4.0, or 6.0 μg/ml
for 1, 2, 4, 6, or 8 h. Based on the optical density value
measured, melittin inhibited the growth of SGC-7901
cells in a dose- and time-dependent manner. The
inhibition rate reached a plateau phase at 6 h (Figure
1A). Melittin potently inhibited the growth of SGC-7901
cells in vitro.

Effect of melittin on the expression of cytochrome C,
endonuclease G, apoptosis-inducing factor, Fas/FasL,
and second mitochondria-derived activator of caspases/
direct IAP binding protein with low isoelectric point
proteins in SGC-7901 cells

Protein extraction and western blot analysis

SGC-7901 cells were plated in cell culture dishes (1
7
× 10 cells/dish) and allowed to attach overnight.
After treatment with melittin (4 μg/ml) or medium
for 1, 2, or 4 h, the cells were harvested, removed
to a 1.5 ml centrifuge tube, and centrifuged at
1000 rpm for 5 min. The total protein was prepared
using a total protein kit (NanJing KeyGen Biotech
Co., Ltd, Nanjing, China). The cells were lysed in
1 ml ice-cold lysis buffer, and 10 µl phosphatase
inhibitor, 1 µl protease inhibitor, and 10 µl 100
mmol/l phenylmethanesulfonyl fluoride were added.
After 15 min of slow shaking at 4 ℃, the cells were
centrifuged at 140000 rpm for 30 min at 4 ℃, and the
supernatants were collected. The protein concentration
was determined using the bicinchoninic acid (BCA)
method. For western blot analysis, equal amounts of
total protein were loaded onto sodium dodecyl sulfate
polyacrylamide gel electrophoresis, and the proteins
were transferred onto a polyvinylidene fluoride
membrane (Millipore, Billerica, MA, United States),
followed by incubation with specific primary antibodies
(Cell Signaling, Beverly, MA, United States) overnight.
After exposure to horseradish peroxidase-conjugated
secondary antibody (Biosynthesis Biotechnology Co.,
Ltd, Beijing, China) for 30 min, the proteins were
visualized using an enhanced chemiluminescence
[23]
detection kit (ECL Kit, Pierce, United States) .
Pictures were taken using the gel imaging system;
β-actin (Beyotime Institute of Biotechnology) was used
as control. These experiments were performed three
times independently.

As shown in Figure 1B, the expression of the
cytochrome C (Cyt C), endonuclease G (Endo G), and
apoptosis-inducing factor (AIF) proteins in SGC-7901
cells was significantly higher than that in the control
group (p < 0.05 and p < 0.01), while the expression
of the second mitochondria-derived activator of
caspases (Smac)/direct IAP binding protein with low
isoelectric point (Diablo) protein was significantly
lower than the control group after melittin exposure (p
< 0.01). In addition, the change in the expression of
these proteins was time-dependent. The expression
of the Fas/FasL protein was not affected by melittin
treatment.

Effect of melittin on the ultrastructure of SGC-7901 cells

Based on the results of the apoptosis assay, we incubated
SGC-7901 cells with 4 μg/ml of melittin for 4 h and
then, using TEM, detected changes in the cells and the
mitochondria. In the control group, the SGC-7901 cells
exhibited the morphological characteristics of normal
cells, such as clear cellularity, organelle structural
integrity, and the uniform distribution of chromatin
and microvilli on the cell membrane. After being
exposed to 4 μg/ml of melittin for 4 h, the SGC-7901
cells displayed typical apoptotic morphology, including
a decrease in microvilli, chromatin condensation,
crescent margination of chromatin against the nuclear
envelope, enlargement of the perinuclear space, cristae
and membrane dissolution, and the formation of an
apoptotic body (Figure 1C).

Changes in the MMP (Δψm) in SGC-7901 cells

Statistical analysis

The MMP was measured by flow cytometry using
the JC-1 Apoptosis Detection Kit according to the
manufacturer’s instructions. The dye JC-1 can
selectively enter the mitochondria. At a highly polarized
Dwm, JC-1 aggregates and emits red fluorescence,
whereas the dye forms monomers and emits green
fluorescence when Dwm is depolarized (as occurs in
some forms of apoptosis). The fluorescence of JC-1
was measured at an excitation wavelength of 488
nm. The ratio of red-green fluorescence emission is a
measure of MMP; cells with green fluorescence contain
depolarized mitochondria. A positive control treatment
was performed using 1 mmol/l H2O2 treatment for 1 h.
We treated the SGC-7901 cells with 4 μg/ml melittin

Values are presented as the mean ± sd. Significant
differences among the groups were determined using
a Student’s t-test. A value of p < 0.05 was accepted
as an indication of statistical significance. The analysis
was conducted using Statistical Product and Service
Solutions software (version 16.0).

RESULTS
Melittin inhibits the growth of the human GC cell line
(SGC-7901)

An MTT assay was used to determine whether melittin
could inhibit the growth of SGC-7901 cells. Cells were
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Figure 1 Melittin alters the release of mitochondria proteins in SGC-7901 cells. A: Growth inhibition of a human gastric cancer cell line (SGC-7901) by melittin.
Numbers 1-6 indicates the melittin concentration used (1-6 μg/ml) to inhibit the growth of the gastric cancer cells after 1, 2, 4, 6, or 8 h; B: The expression of
Cytochrome C, apoptosis-inducing factor (AIF), endonuclease G (EndoG), second mitochondria-derived activator of caspases (Smac)/direct IAP binding protein with
low isoelectric point, pI (Diablo) detected by western blot. (ap < 0.05 vs the control group; bp < 0.01 vs the control group); C: Ultra microstructure of mitochondria after
incubation with 4 μg/ml melittin [a: SGC-7901 control group; b: SGC-7901 cells incubated with 4 μg/ml melittin for 4 h; (scale bar 0.5 μm, × 6600)]. The arrow is the
mitochondria.

Effect of melittin on caspase-3 and caspase-8 activity in
SGC-7901 cells

for 1, 2, or 4 h, detected the MMP through FCS, and
then calculated the MMP (values shown in FL2/FL1).
The higher the value, the lower the mitochondrial
transmembrane potential. The MMP values for 1, 2,
and 4 h were 2.07 ± 0.05, 1.78 ± 0.29, and 1.16 ±
0.25, respectively, and were significantly lower than
that of the control group (2.55 ± 0.42, n = 3, p < 0.05)
(Figure 2A).
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Caspase-3 activity was measured, and the specific
caspase-3 inhibitor Ac-DEVD-CHO (20 µmol/L) was
used to determine whether melittin induced apoptosis.
These experiments were performed three times
independently. Melittin (4 μg/ml) was incubated for
1, 2, or 4 h with both the SGC-7901 cells and non-
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Figure 2 Melittin alters the mitochondrial membrane potential levels and caspase-3 expression of SGC-7901 cells. A: Mitochondrial membrane potential (MMP)
(Δψm) levels of SGC-7901 cells after incubation with 4 μg/ml melittin for various times. [a: SGC-7901 cells control group; b: SGC-7901 cells incubated with 4 μg/ml
melittin for 1 h; c: SGC-7901 cells incubated with 4 μg/ml melittin for 2 h; d: SGC-7901 cells incubated with 4 μg/ml melittin for 4 h (ap < 0.05 vs the control group);
B: The effect of melittin on the release of caspase-3. L-O2 normal cells incubated with 4 μg/ml melittin for 4 h; SGC-7901 control cell; SGC-7901 cells incubated
with 4 μg/ml melittin for 4 h, 2 h, and 1 h; (cp < 0.05 vs the control group); C: The release of caspase-3 in SGC-7901 cells after the addition of a caspase-3 blocker.
SGC-7901 control group; SGC-7901 cells incubated with 4 μg/ml melittin for 4 h; SGC-7901 cells with caspase 3 blocker; SGC-7901 cells incubated with 4 μg/ml
melittin for 4 h added with caspase-3 blocker; (ep < 0.05 vs the control group).

caspase-3 inhibitor (Ac-DEVD-CHO), the caspase-3
activity was significantly decreased compared to the
control group (1067.0 ± 132.5 vs 8695.7 ± 449.1 U/g)
(Figure 2C). The values of caspase-8 were not different
between the melittin and control groups; therefore,
these data are not provided.

tumor cells (liver cell line L-O2). Then, to detect the
caspase-3 activity, the absorbance at 405 nm was
measured using a microplate reader. According the
protein standard, we generated a standard curve
(Y = -22.7602 + 420.9950X, R = 0.9900), and the
caspase-3 activity units (U/g) of the experimental
groups and the control groups were calculated. The
caspase-3 activity was significantly higher after
exposure to treatment for 1, 2, or 4 h compared to the
control (5492.3 ± 321.1, 6562.0 ± 381.3, and 8695.7
± 449.1 vs 2330.0 ± 121.9), but the caspase activity
of the non-tumor cell line L-O2 was not different from
that of the control (Figure 2B). With the addition of the
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Melittin can induce the apoptosis of SGC-7901 cells

Cells undergoing apoptosis were identified by the
Annexin V-FITC Apoptosis Detection Kit, according to
the manufacturer’s instructions. Based on the results
of the MTT assay, we found that 4 μg/ml melittin
effectively inhibited the growth of SGC-7901 cells. We
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Figure 3 Melittin induced the apoptosis of SGC-7901 cells and increased the levels of reactive oxygen species. A: Melittin (4 μg/ml) induced the early
apoptosis of SGC-7901 cells at different time points [a: SGC-7901 cells negative control group b: SGC-7901 cells incubated with 4 μg/ml melittin for 1 h; c: 4
SGC-7901 cells incubated with 4 μg/ml melittin for 2 h; d: SGC-7901 cells incubated with 4 μg/ml melittin for 4 h; (ap < 0.05 vs the control group)]; B: The ROS
levels in SGC-7901 cells after incubation with 4 μg/ml melittin. NC: SGC-7901 cells negative control group; PC: positive control group; 1 h: SGC-7901 cells incubated
with 4 μg/ml melittin for 1 h; 2 h: SGC-7901 cells incubated with 4 μg/ml melittin for 2 h; 4 h: SGC-7901 cells incubated with 4 μg/ml melittin for 4 h (cp < 0.05 vs the
control group).

found that 4 μg/ml melittin induced early apoptosis
of SGC-7901 cells, and the early apoptosis rates were
39.97% ± 3.19%, 59.27% ± 3.94%, and 71.50%
± 2.87% for melittin treatments of 1, 2, and 4 h,
respectively, which were significantly different from
the control group (32.63% ± 2.75%, n = 3, p < 0.05)
(Figure 3A).

to form fluorescent DCF. The intensity of the DCF
fluorescence is proportional to the amount of peroxide
produced in the cells. We determined the level of ROS
after treatment with 4 μg/mL melittin for 1, 2, or 4 h;
the ROS levels were 616.53% ± 79.78%, 974.81%
± 102.40%, and 1330.94% ± 93.09%, respectively,
which were significantly higher than those of the
control group (603.74% ± 71.99%, n = 3, p < 0.05).
The level of ROS in the positive control group was
892.20% ± 94.94% (Figure 3B).

Effect of melittin on the generation of ROS in SGC-7901
cells

The ROS levels in the control and treatment groups
were determined by staining cells with DCFDA.
DCFDA is cell permeable and is cleaved by nonspecific
esterases and oxidized by peroxides in the cells

WJG|www.wjgnet.com

DISCUSSION
As a traditional Chinese medicine, bee venom has a
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[44]

long history of being used to treat various diseases,
[24-26]
including rheumatoid arthritis
. Melittin is the main
component of bee venom and plays a major biological
[27,28]
[15,29-33]
role in its activity
. In recent studies
, melittin
was found to induce apoptosis in several cell lines.
[23]
Tu et al
reported that melittin induced apoptosis in
melanoma cells via the calcium pathway, and Jo et
[15]
al
reported that melittin induced death receptors
and inhibited the JAK2/STAT3 pathway in ovarian
[24]
cancer cells. Kim et al reported that melittin induced
apoptosis through stimulating the mitochondrial gene
in fibroblast-like synoviocytes. However, there are
few reports of melittin-induced apoptosis functioning
through the mitochondrial pathway in GC cells.
In this study, the expression of FAS protein and
caspase-8 was not altered, but tumor cell growth was
inhibited by melittin. Therefore, we hypothesized that
melittin induced apoptosis in SGC-7901 cells via the
mitochondrial signaling pathway, not the FAS/FASL
pathway.
A number of pro-apoptotic factors that are normally
confined to the mitochondrial intermembrane or
intra cristae space were released, including Cyt C,
AIF, EndoG, and Smac/Diablo. Cyt C is a key protein
in the cytoplasm and is related to cell growth and
[34-37]
survival
. When the transmembranous potential of
the mitochondria declines, Cyt C located in the space
within the mitochondrial membrane is released into
the cytoplasm and forms a complex polymer with
[38]
apoptotic enzyme activators . The protein activates
a caspase cascade reaction, which further activates
downstream caspase-3 and other members of the
caspase family, forming an Apaf-1 and procaspase 9
apoptosis body, and both are further combined with
[39-41]
caspase-3 to induce apoptosis
. In this study, we
found that the Cyt C protein release and cell apoptosis
were increased as the concentration of melittin was
elevated (Figure 1B). In addition, AIF was identified
as a protein that is normally localized within the
mitochondrial intermembrane space and is released
[42]
following a mitochondrial permeability transition .
AIF translocates to the nucleus, resulting in induction
of chromatin condensation and DNA fragmentation.
EndoG is a type of nucleic acid enzyme that is
[43]
involved in mitochondrial DNA replication . The
protein normally resides within the mitochondria, but
after treatment with melittin, EndoG is translocated
to the cytoplasm and then enters the nucleus,
causing chromosomal DNA fragmentation. Similarly,
caspase-induced apoptosis occurs via the production
of oligomeric nucleic acid enzyme fragments. In
this work, we found that administration of melittin
increased the cytoplasmic levels of AIF and EndoG
proteins as well as cell apoptosis.
Second mitochondria-derived activator of caspase
is a protein normally located in the mitochondria and
is released during apoptosis. Smac may promote
caspase activation by binding to apoptosis proteins to
inhibit its activity, giving rise to relieving their caspase-
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binding partners and abduction of cells apoptosis .
The human ortholog Diablo was simultaneously and
independently identified. In this work, we found
that the reduction in Smac/Diablo protein levels
was accompanied by cell apoptosis as the melittin
concentration was increased (Figure 1B). Therefore,
we concluded that melittin induced SGC-7901 cell
apoptosis via the Cyt C signaling pathway.
ROS are important oxygen-containing substances
in apoptosis that are produced during the process of
[45]
cellular respiration . The mitochondria play a key
role in cell apoptosis and ROS production. The level of
ROS is significantly increased after cells are exposed
to melittin, causing endometrial oxidative damage,
mitochondrial membrane lipid peroxidation, membrane
fluidity reduction, membrane lipid degradation, etc.
These changes lead to disruption of the proton gradient
across the mitochondrial membrane and ATP synthesis.
Initially, melittin induced ROS release and opening of
the mitochondrial permeability transition pore. Next,
Cyt C, Smac/Diablo, AIF, and EndoG proteins were
released, and caspase-3 was activated (Figure 2B
and C), leading to the formation of apoptotic bodies,
ultimately generating cell apoptosis. Few changes
were observed in normal cells (Figure 2B and C). Our
study shows that melittin may induce cell apoptosis
through the mitochondria pathway in SGC-7901
cells. At the same time, mitochondrial dysfunction
led to the increased generation of free radicals, which
caused peroxidation of biofilm structure of protein
and lipid and rendered the mitochondrial membrane
permeability (MPTP) irreversibly open. When the
MPTP was persistently open, macromolecules can
non-selectively enter the pore. Simultaneously, the
mitochondria swell and the rupture of the outer
membrane leads to a reduction in the MMP and
irreversible cell apoptosis. Therefore, low membrane
potential is a characteristic marker of irreversible cell
apoptosis. As shown in Figure 3B, the ROS level was
significantly increased, and the MMP was reduced.
These results confirmed that the mitochondria play an
important role in the process of cell apoptosis.
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AIM: To predict the re-bleeding after endoscopic
hemostasis for delayed post-endoscopic sphincterotomy
(ES) bleeding.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to
study enrollment.

METHODS: Over a 15-year period, data from 161
patients with delayed post-ES bleeding were retro
spectively collected from a single medical center.
To identify risk factors for re-bleeding after initial
successful endoscopic hemostasis, parameters before,
during and after the procedure of endoscopic retro
grade cholangiopancreatography were analyzed.
These included age, gender, blood biochemistry, comorbidities, endoscopic diagnosis, presence of periampullary diverticulum, occurrence of immediate postES bleeding, use of needle knife precut sphincterotomy,
severity of delayed bleeding, endoscopic features on
delayed bleeding, and type of endoscopic therapy.
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RESULTS: A total of 35 patients (21.7%) had rebleeding after initial successful endoscopic hemostasis
for delayed post-ES bleeding. Univariate analysis
revealed that malignant biliary stricture, serum bilirubin
level of greater than 10 mg/dl, initial bleeding severity,
and bleeding diathesis were significant predictors of rebleeding. By multivariate analysis, serum bilirubin level
of greater than 10 mg/dl and initial bleeding severity
remained significant predictors. Re-bleeding was
controlled by endoscopic therapy in a single (n = 23)
or multiple (range, 2-7; n = 6) sessions in 29 of the 35
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[7]

patients (82.9%). Four patients required transarterial
embolization and one went for surgery. These five
patients had severe bleeding when delayed post-ES
bleeding occurred. One patient with decompensated
liver cirrhosis died from re-bleeding.

pletion of ERCP . These patients generally have
clinical manifestations of overt gastrointestinal
bleeding, such as melena, hematemesis, or hema
tochezia, and decreased hemoglobin level that require
[12-16]
immediate endoscopic hemostasis
. Some patients
re-bleed after initial successful treatment and need
repeated endoscopic hemostatic therapy, transarterial
embolization (TAE) or even surgery to control bleeding.
However, factors affecting the success of endoscopic
treatment for delayed post-ES bleeding has rarely
[17]
been studied . Determining the risk factors for rebleeding after endoscopic treatment for delayed
post-ES bleeding may be useful for monitoring or
establishing additional hemostatic measures in highrisk patients. In this retrospective study, we analyzed
factors predicting re-bleeding after initial successful
endoscopic hemostasis for delayed post-ES bleeding.

CONCLUSION: Re-bleeding occurs in approximately
one-fifth of patients after initial successful endoscopic
hemostasis for delayed post-ES bleeding. Severity of
initial bleeding and serum bilirubin level of greater
than 10 mg/dl are predictors of re-bleeding.
Key words: delayed bleeding; Endoscopic hemostasis;
endoscopic sphincterotomy; predictors; re-bleeding
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Re-bleeding occurs in about one-fifth of
patients after initial successful endoscopic hemostasis
for delayed post-ES bleeding. Predictors of re-bleeding
has not been studied. Our study reveals malignant
biliary stricture, serum bilirubin level of greater than 10
mg/dl, initial bleeding severity, and bleeding diathesis
were significant predictors of re-bleeding. These
patients often require multiple endoscopic treatments,
transarterial embolization or surgery to control the
bleeding.

MATERIALS AND METHODS
Definitions

Immediate post-ES bleeding: any hemorrhage caused
by ES that warrants endoscopic hemostasis during
ERCP. Delayed post-ES bleeding: any hemorrhage
occurring after completion of ERCP, manifested
as melena, hematemesis or hematochezia, with
a decrease in hemoglobin level from the baseline.
Clinically significant bleeding and its severity was
[18]
classified according to Cotton et al , as follows: mild
bleeding was defined as overt bleeding with a decrease
of hemoglobin level less than 3 g/dL, without the need
for transfusion; moderate bleeding was defined blood
transfusion of 4 units or less but without the need for
angiographic intervention or surgery; severe bleeding
was defined blood transfusion of 5 units or more, or
the need for angiographic or surgical intervention; rebleeding was defined as recurrent bleeding after initial
successful endoscopic hemostasis for delayed post-ES
bleeding that requires interventions.
Bleeding diathesis was defined as the presence
of thrombocytopenia (platelet count < 80000/μL),
coagulopathy (prolonged prothrombin time > 3 s
from the control), or chronic renal failure requiring
[19]
maintenance hemodialysis .

Lee MH, Tsou YK, Lin CH, Lee CS, Liu NJ, Sung KF, Cheng
HT. Predictors of re-bleeding after endoscopic hemostasis for
delayed post-endoscopic sphincterotomy bleeding. World J
Gastroenterol 2016; 22(11): 3196-3201 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i11/3196.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i11.3196

INTRODUCTION
Endoscopic sphincterotomy (ES) is the cornerstone
of therapeutic endoscopic retrograde cholan
giopancreatography (ERCP). Sphincterotomy wound
[1,2]
bleeding is its most frequent complication . The
incidence of clinically significant post-ES bleeding
ranges between 0.76%-2% when it is defined
as overt gastrointestinal bleeding with decreased
[1,3-5]
hemoglobin level
. Post-ES bleeding is classified
as immediate or delayed, based on the time of its
[6]
presentation . Immediate post-ES bleeding occurs
during the procedure, and can therefore be observed
[7]
by the endoscopist on site . However, endoscopically
[8]
discernible bleeding may not be clinically significant .
The majority of immediate post-ES bleeding is self[9-11]
limited and can usually be managed conservatively
.
[9]
Wilcox et al reported that the pattern of bleeding
following ES does not predict the risk of delayed
bleeding.
Delayed post-ES bleeding occurs after the com
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Patients and endoscopic procedures

Between January 1999 and September 2014, 7612 ES
procedures were carried out at Chang Gung Memorial
Hospital. Of these, data from 161 patients (2.1%)
with delayed post-ES bleeding were retrospectively
collected from the hospital database of our Therapeutic
Endoscopy Center. ES procedures were similar to those
[15]
described in our previous study . The study protocol
(number 103-3829B) was discussed and approved
by the Institutional Review Board of the Chang Gung
Hospital.
Hemostatic treatment for delayed post-ES bleeding
was performed by using a side-viewing endoscope
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(JF-240 or JF-260v, Olympus, Tokyo, Japan). The
settings and application of endoscopic treatment were
[20,21]
similar to those used for peptic ulcer bleeding
.
The types of endoscopic therapy for post-ES bleeding
could be either monotherapy or combination therapy
at the endoscopists’ discretion. Monotherapy denoted
use of only one endoscopic technique for hemostasis,
whereas combination therapy used more than one
endoscopic technique. Initial endoscopic treatment for
delayed post-ES bleeding was considered successful
when there was no clinical evidence of bleeding after
the procedure.
Monotherapy (n = 72) indicated either injection
with diluted epinephrine (n = 52) or thermotherapy
(n = 20). Diluted epinephrine (1:10000) was injected
in 0.5-2 ml aliquots into and around the bleeder at
the sphincterotomy site until bleeding was controlled.
Thermotherapy indicated one of the four modes, heat
probe coagulation (n = 11), bipolar coagulation (gold
probe, n = 6), monopolar coagulation (hot biopsy
forceps, n = 2), and argon plasma coagulation (APC, n
= 1). Patients receiving combination therapy (n = 89)
had both epinephrine injection and thermotherapy (n
= 85), both epinephrine injection and hemoclipping (n
= 1), or all three modes (n = 3).
Clinical and laboratory parameters before, during
and after ERCP were analyzed to identify risk factors
for re-bleeding. These included age, gender, blood
biochemistry, co-morbidities, endoscopic diagnosis,
presence of peri-ampullary diverticulum, occurrence
of immediate post-ES bleeding, use of needle knife
precut sphincterotomy, severity of delayed bleeding,
endoscopic features on delayed bleeding, and type of
endoscopic therapy.

Table 1 Associations between re-bleeding and patient
characteristics n (%)
Re-bleeding
(n = 35)
Age (yr)
63.0 (52.0-70.0)
Sex (male)
23 (65.7)
White blood cell count (× 8.1 (5.6-10.0)
103/μL)
Platelet count (× 103/μL)
225 (122-262)
INR
1.1 (1.0-1.5)
Total bilirubin (mg/dL)
10.9 (2.3-22.3)
ESRD
3 (8.6)
Decompensated liver
4 (11.4%)
cirrhosis
Use of anti-platelet
regimen
Before ES
3 (8.6)
Within 3 d after ES
2 (5.7)
Cholangitis before ES
13 (37.1)
Bleeding diathesis
16 (45.8)

(n = 126)
57.0 (46.5-71.0)
82 (65.1)
8.1 (6.0-10.7)

0.121
0.944
0.673

215 (160-268)
1.1 (1.0-1.2)
6.5 (1.1-15.8)
10 (7.9)
4 (3.2)

0.320
0.075
0.002
1.000
0.047

3 (2.4)
2 (1.6)
58 (46.0)
22 (17.5)

0.117
0.206
0.349
< 0.001

ESRD: End stage renal disease; INR: International normalized ratio; ES:
Endoscopic sphincterotomy.

bilirubin level was significantly higher in patients with
re-bleeding (10.9 mg/dl vs 6.5 mg/dl, P = 0.002).
The presence of decompensated liver cirrhosis (11.4%
vs 3.2%, P = 0.047) and bleeding diathesis (45.8% vs
17.5%, P < 0.001) were also associated with higher
risk of re-bleeding.
ERCP procedure-related parameters are listed
in Table 2. Endoscopic diagnosis included choledo
cholithiasis (51.4%), malignant biliary stricture
(31.4%), benign biliary stricture (8.6%), biliary
leakage (0%), and others (11.4%). Re-bleeding
occurred more often in patients with malignant biliary
stricture (31.4% vs 5.6%, P < 0.001). Presence of
periampullary diverticulum, occurrence of immediate
post-ES bleeding, or use of needle knife precut
sphincterotomy, did not differ significantly between
patients with or without re-bleeding.
Initial delayed bleeding occurred within 2 h to 15 d
(mean, 3.4 d) in our patients. Among the 35 patients
who had re-bleeding after initial successful hemostatic
therapy, 19 (54.3%) patients had severe bleeding in
their first event, 15 (42.9%) moderate, and 1 (2.9%)
mild (Table 3). Those with severe bleeding had a
higher likelihood of re-bleeding (54.3% vs 11.9%, P
< 0.001). Bleeding stigmata with non-bleeding visible
vessel was significantly associated with re-bleeding
(11.4% vs 3.2%, P = 0.047) while non-bleeding
red spots was not (0% vs 11.1%, P = 0.041). The
risk of re-bleeding was not related to what mode of
hemostatic therapy employed whether monotherapy
or in combination.
The result of univariate and multivariate analyses
is in Table 4. Risk factors associated with re-bleeding
were the presence of malignant biliary stricture,
serum bilirubin level of greater than 10 mg/dl,
bleeding diathesis, and bleeding severity by univariate

Statistical analysis

Statistical analysis was performed with chi-square test
or Fisher exact test and independent Student t-test
for categorical and continuous variables, between
groups of patients with and without re-bleeding.
Mann-Whitney U test and Wilcoxon test were used
for nonparametric analysis. Continuous variables are
shown as mean with range. Logistic regression analysis
was performed to identify predictor of re-bleeding after
treatment. Statistical analyses were performed using
SPSS software (version 20.0; SPSS, Inc., Chicago,
IL, United states). A two-tailed p value of < 0.05 was
considered statistically significant.

RESULTS
A total of 35 out of 161 patients (21.7%) had rebleeding after initial successful endoscopic hemostasis
for delayed post-ES bleeding. Their mean age was
63 years old; 65.7% were male. Table 1 lists their
demographics, laboratory and clinical data. There was
no difference between patients with or without rebleeding in terms of their age and gender. Mean serum
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DISCUSSION

Table 2 Associations between re-bleeding and endoscopic
retrograde cholangopancreatography n (%)

Endoscopic diagnosis
Choledocholithiasis
Malignant biliary stricture
Benign biliary stricture
Biliary leak
Others
Periampullary diverticulum
Immediate post-ES bleeding
Needle knife precut
sphincterotomy

Re-bleeding

No re-bleeding

(n = 35)

(n = 126)

18 (51.4)
11 (31.4)
3 (8.6)
0 (0.0)
4 (11.4)
6 (17.1)
14 (40.0)
6 (17.1)

86 (69.0)
7 (5.6)
8 (7.1)
1 (0.8)
24 (19)
23 (18.3)
40 (31.7)
13 (10.3)

In patients with peptic ulcer bleeding, re-bleeding after
initial endoscopic hemostasis is an important predictor
[22]
of mortality . In patients receiving therapeutic
ERCP, the incidence of post-ES delayed bleeding is
up to 2% but re-bleeding after successful endoscopic
hemostatic therapy goes to 21.7% of the time by our
estimate. The predictors of re-bleeding have not been
addressed in the literature. Our study revealed that
serum bilirubin level of greater than 10 mg/dl and
bleeding severity are the two significant predictors
of re-bleeding. Two other predictors, the presence of
malignant biliary stricture and bleeding diathesis, were
not statistically significant after multivariate analysis.
Patients with malignant biliary stricture usually, but
not always, have a higher serum bilirubin level than
those with common bile duct stones. Malignant biliary
obstruction often leads to difficult cannulation for which
needle knife pre-cut sphincterotomy is frequently
performed (5/18 vs 13/143, P = 0.033). In our study,
however, use of this technique was not associated with
higher risk of re-bleeding. Thus prolonged bile duct
obstruction, irrespective of its etiology, as manifested
with deep jaundice is a more significant predictor of rebleeding. The reason for this association remains to be
investigated.
Our study also showed that patients with severe
initial post-ES delayed bleeding have a higher rate of
re-bleeding. Bleeding diathesis, defined as presence
of thrombocytopenia, coagulopathy, or chronic renal
failure requiring maintenance hemodialysis, was
a significant predictor of re-bleeding by univariate
analysis, and yet not statistically significant by
[14]
multivariate analysis. Ferreira et al reported patients
with coagulopathy tend to have more severe postES delayed bleeding and thus a higher re-bleeding
rate. Our finding suggests severe bleeding, most
likely from injury of an arteriole whether discernible
or not after ES, is the culprit of re-bleeding, a clinical
scenario similar to the presence of Forrest IIa-b ulcer
in predicting the risk of re-bleeding. On the other
hand, bleeding diathesis can be, and usually has been,
corrected before endoscopic hemostatic therapy.
This will inevitably reduce its predictive power for rebleeding.
There is no consensus for the optimal endoscopic
[7]
hemostatic technique post-ES bleeding . Methods
including local injection therapy, thermotherapy
(APC, bipolar or heat probe devices) and placement
of hemoclips or covered self-expandable metal stent,
either alone or in combination, have been reported
[9,23-26]
with varying rates of success
. In our unpublished
experience, a monopolar device such as a hot biopsy
forceps (Olympus) was effective for post-ES bleeding
(60 or 80 W, effect 2, soft coagulation mode). In

P value

0.066
< 0.001
0.706
1.000
0.571
0.880
0.360
0.372

ERCP: Endoscopic retrograde cholangopancreatography; INR: International
normalized ratio; ES: Endoscopic sphincterotomy.

Table 3 The association between re-bleeding and bleeding
stigmata/treatment methods at initial endoscopic treatment
for delayed bleeding n (%)
Re-bleeding
Bleeding severity
Mild
Moderate
Severe
Features of ES wound
Active bleeding
Non-bleeding visible vessel
Non-bleeding adherent clot
Non-bleeding red spots
Type of endoscopic therapy
Monotherapy
Epinephrine injection
Thermocoagulation
Combination therapy1
Thermocoagulation
Hemoclipping
Thermotherapy + hemoclipping

No re-bleeding P value

(n = 35)

(n = 126)

1 (2.9)
15 (42.9)
19 (54.3)

46 (36.5)
65 (51.6)
15 (11.9)

27 (77.1)
4 (11.4)
4 (11.4)
0 (0.0)

85 (67.5)
4 (3.2)
23 (18.3)
14 (11.1)

0.271
0.047
0.517
0.041

13 (37.1)
7 (20.0)
6 (17.1)
22 (65.7)
21 (60.0)
0 (0.0)
1 (2.9)

59 (46.8)
45 (35.7)
14 (11.1)
67 (53.2)
64 (50.8)
1 (0.8)
2 (1.6)

0.342
0.102
0.385
0.342
0.347
1.000
1.000

< 0.001

1

Including dilute epinephrine injection plus one of the three types of
therapy. ES: Endoscopic sphincterotomy.

analysis. Multivariate analysis, however, revealed only
two parameters, serum bilirubin level and bleeding
severity, remained statistically significant.
Outcomes of endoscopic hemostatic therapy for rebleeding are listed in Table 5. In 29 patients (82.9%),
re-bleeding was controlled after a single (n = 23)
or multiple (range, 2-7; n = 6) treatment sessions.
Patients with severe re-bleeding required multiple
sessions more often than those with moderate and
mild re-bleeding (15.2% vs 2.5% vs 0%, respectively,
P = 0.002). Transarterial embolization or surgery was
required only in five patients with severe re-bleeding.
One patient (2.8%) with decompensated liver cirrhosis
died after three sessions of endoscopic therapy.
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Table 4 Univariate and multivariate analyses for predictors of re-bleeding
Predictor

Univariate

Malignant biliary stricture
No
Yes
Serum bilirubin level1
≤ 10
> 10
Bleeding severity
Mild
Moderate
Severe
Bleeding diathesis
No
Yes

Multivariate

95%CI

P value

1
7.79

2.74-22.14

< 0.001

1
4.7

2.06-10.72

< 0.001

1
10.62
58.27

1.354-83.22
7.18-472.79

0.025
< 0.001

1
3.98

1.77-8.94

< 0.001

OR

95%CI

P value

1
3.55

1.39-9.11

0.008

1
10.97
48.74

1.379-87.18
5.90-402.93

0.024
< 0.001

OR

1

A serum bilirubin level > 10 mg/dL was associated with area under the receiver operating characteristic curve of 0.678 (95%CI: 0.57-0.78, P = 0.002).

design investigating the appropriate management
strategy to reduce re-bleeding risk.

Table 5 Treatment outcomes n (%)
Overall (n = 35)
Successful endoscopic hemostasis
Only 1 session
More than 1 session
Mean endoscopic session (range)
TAE/surgery required for hemostasis
Bleeding-related death

29 (82.9)
23
6
2.34 (2-7)
4/1 (14.3)
1 (2.8)

COMMENTS
COMMENTS
Background

Delayed post-endoscopic sphincterotomy (ES) bleeding occurs after the
completion of endoscopic retrograde cholangiopancreatography (ERCP). Most
patients need endoscopic treatment for delayed bleeding but some of them will
have re-bleeding. However, risk factors for re-bleeding has rarely been studied.

TAE: Transarterial embolization.

Research frontiers

Determining the risk factors for re-bleeding after endoscopic treatment for
delayed post-ES bleeding is useful for monitoring or establishing additional
hemostatic measures in high-risk patients.

treating bleeding ulcer, monopolar coagulation was
superior not only in primary hemostasis but also
in reducing re-bleeding rate to the conventional
therapy with local injection followed by heat probe
[20]
[27]
thermocoagulation . Katsinelos et al
also reported
that monopolar coagulation was an effective treatment
method for post-ES bleeding when injection therapy
failed. Further studies are needed to address this
issue.
This study has several limitations. It is a retro
spective design including patients from a single medical
center. However, to our knowledge, this is the largest
study to date and there has been no prospective
study in the literature. Secondly, a higher percentage
(33.5%, 54/161) of our patients received endoscopic
hemostasis for immediate post-ES bleeding. It is not
clear whether prior treatment for immediate postES bleeding impacted on the rate of delayed bleeding
and bleeding severity. Thirdly, all patients with delayed
bleeding in our study received endoscopic hemostatic
therapy, although ES wound with non-bleeding red
spots may be of low risk of re-bleeding even without
prophylactic treatment.
In conclusion, our study showed two predictors of
re-bleeding for patients with post-ES delayed bleeding
after initial successful endoscopic therapy were serum
bilirubin level of greater than 10 mg/dl and bleeding
severity. We propose use of these variables for risk
stratification of these patients, and for future study
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Innovations and breakthrough

The study results showed that serum bilirubin level of greater than 10 mg/dl
and bleeding severity were the two independent risk factors for re-bleeding.

Applications

Patients with the risk factors should be carefully monitored after initial success
of endoscopic treatment for delayed post-ES bleeding.

Terminology

ERCP is a technique that combines the use of endoscopy and fluoroscopy to
diagnose and treat certain problems of the biliary or pancreatic ductal systems.
ES is an extension to ERCP that the opening of the ampulla can be enlarged by
a cut with an electrified wire called sphincterotome and access into the bile duct
obtained.

Peer-review

This is a well done retrospective review looking at the incidence of rebleeding
after treatment of acute bleeding at time of endoscopic sphincterotomy. The
authors note that only serum bilirubin ≥ 10 mg/dl and initial bleeding severity
were predictors of rebleeding.
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Abstract
AIM: To investigate estrogen receptors expression in
duodenal familial adenomatous polyposis (FAP) and
any relationship with epithelial proliferation/apoptosis
markers.

Informed consent statement: All study participants
provided informed written consent prior to the endoscopic
investigation or surgery; additional oral consent to perform
immunohistochemistry or confocal microscopy was obtained.

METHODS: Twenty-two patients affected by FAP
undergoing duodenal resection for malignancies
were recruited. Controls were 15 healthy subjects
undergoing endoscopy for dyspeptic symptoms. ER-α,
ER-α, Ki-67, TUNEL and caspase 3 expression (labeling
index: percentage of positive cells) were evaluated by
immunohistochemistry or immunofluorescence and
examined by light or confocal microscopy. Samples
were assigned to four groups: normal tissue, low (LGD)
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and high-grade dysplasia (HGD), adenocarcinoma (AC).
One-way analysis of variance, corrected by Bonferroni’
s test, and Pearson’s correlation test were applied for
statistical analysis.
RESULTS: ER-beta showed a progressive decline:
normal tissue (23.5 ± 4.9), LGD (21.1 ± 4.8), HGD
(9.3 ± 3.5), AC (7.1 ± 3.1). The normal tissue of FAP
subjects expressed ER-beta like the controls (23.9 ±
6.2). Conversely, ER-α showed a progressive increase
from normal tissue (24.8 ± 5.6) to AC (52.0 ± 8.2); the
expression in normal tissue was similar to controls (22.5
± 5.3). Ki67 demonstrated a statistically significant
progressive increase at each disease stage up to AC.
TUNEL did not reveal differences between controls
and normal tissue of FAP subjects, but progressive
decreases were observed in LGD, through HGD to AC.
Pearson’s correlation test showed a direct relationship
between ER-b and TUNEL LI (r = 0.8088, P < 0.0001).
Conversely, ER-α was inversely correlated with TUNEL
LI (r = - 0.7257, P < 0.0001). The co-expression of
ER-β and caspase 3 declined progressively from normal
to neoplastic tissue.

INTRODUCTION
Familial adenomatous polyposis (FAP) represents
a genetic hereditary disease due to adenomatous
polyposis coli (APC) gene mutation, influencing
the early development of multiple (more than a
[1]
hundred) colonic polyps . FAP is considered to be
a rare disease, with an incidence ranging from 1:
[2,3]
7000 to 1:8000 births per year . The mechanism
of inheritance is usually autosomal dominant, with a
very high penetrance, although 25%-30% of cases
arise from a de novo mutation. The APC gene acts as
a tumor suppressor, being involved in the degradation
of beta-catenin, a protein involved in the Wnt pathway,
responsible for the genetic transcription of oncogenes
[4]
such as Myc .
Guidelines advise a strict surveillance protocol
[5]
in APC , starting from the age of 10-12, by annual
colonoscopic examinations. The dramatically high
number of adenomas is often an indication for elective
[6]
prophylactic colorectal surgery . The most widespread
surgical options are subtotal colectomy/ileorectal
anastomosis, total proctocolectomy/ileostomy, and
[7,8]
proctocolectomy/ileal-pouch-anal anastomosis
.
However, after the colonic resection, an annual
surveillance protocol is essential, because the risk of
a new cancer in a different site of the gastrointestinal
system remains high. In particular, adenomatous
polyps may arise in the duodenum, especially in the
periampullary area. After colorectal carcinoma, a
periampullary tumor is the most common malignancy
(5%-6%), being the main cause of death in subjects
[9]
who have undergone colectomy . In the case of
duodenal cancers, the Whipple procedure has been
widely employed, but recently novel and less demolitive
procedures have been successfully attempted, such
as pylorus-preserving duodenectomy or pancreas[10]
preserving duodenectomy .
Estrogen receptors (ERs) are a class of nuclear
receptors that are closely involved in colorectal
[11]
carcinogenesis . In particular, the beta isoform
(ER-β) has been found to be protective against cancer
growth and down-regulated in colorectal cancer (CRC),
whereas the alpha isoform (ER-α) promotes cell
[12,13]
proliferation and is up-regulated in CRC
. To date,
only one study has investigated the colonic expression
of ERs in subjects affected by FAP, confirming this
trend by demonstrating a progressive decrease of
ER-β from normal tissue to CRC, through low-grade
[14]
(LGD) and high-grade dysplasia . The possibility
of ER-beta modulation via a selective stimulation
by natural products, such as phytoestrogens, has
been postulated to be a possible chemoprevention

CONCLUSION: This study confirmed that ER-β is
strongly decreased in duodenal FAP carcinomas,
declining in a multiple step fashion, thereby suggesting
a putative anti-carcinogenic effect. ER-α showed the
opposite trend. ER-β/caspase 3 co-expression suggests
this hormone’s possible involvement in apoptosis.
Hormonal influences in FAP duodenal tumorigenesis,
and modulation of these as a possible chemoprevention
strategy, may be a promising approach.
Key words: Familial adenomatous polyposis; Duodenal
cancer; Estrogen receptors; Immunohistochemistry;
Confocal microscopy; Dysplasia
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Familial adenomatous polyposis (FAP) is a
genetically inherited disease featuring multiple colonic
polyps, with possible duodenal involvement. No
study investigating the relationship between estrogen
receptors (ERs) and cellular turnover has previously
been reported in duodenal FAP patient’s subset. In
the present study we found that ER-β is strongly
decreased in duodenal FAP carcinomas, in a multiple
step fashion suggesting a putative anti-carcinogenic
effect. ER-α shows the opposite trend. A possible
ER-beta involvement in apoptosis is suggested by
its co-expression with caspase-3. The modulation of
hormonal influences in FAP duodenal tumorigenesis
as a possible chemoprevention strategy may be a
promising approach.
Di Leo A, Nesi G, Principi M, Piscitelli D, Girardi B, Pricci M,
Losurdo G, Iannone A, Ierardi E, Tonelli F. Epithelial turnover
in duodenal familial adenomatous polyposis: A possible role for
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median age was 44 years. The patients underwent the
removal of duodenal neoplasms by different procedures
in relation to the stage of the disease and according
[5]
to the guidelines : 4 patients underwent endoscopic
polypectomy, 5 surgical polypectomy through a
duodenotomy, 7 ampullectomy, 3 duodenal resection
and 3 pancreatoduodenectomy. Resected lesions
were histologically classified as: low grade dysplasia
(LGD), high grade dysplasia (HGD) or carcinoma (AC).
Formalin embedded samples were retrospectively
retrieved. Collection and processing were performed
[17]
according to BRISQ recommendations .
The control tissue consisted of duodenal biopsy
samples from 15 healthy individuals (6 females and
9 males) undergoing upper endoscopy and showing
a histologically normal mucosa. The mean age of
the control group was similar to that of the study
group (42.5 ± 11.4 years, median 43 years). Control
tissues were selected from archive material. At least
two biopsy samples had been taken in subjects
undergoing upper endoscopy for dyspeptic symptoms
from the second Duodenum. The absence of both
histological and endoscopic abnormalities in this site
was the main selection criterion. Further confirmation
of a normal duodenal picture was based on the
presence of less than 10 CD3/100 enterocytes at
immuno-histochemical staining. Finally, in all patients,
possible causes of “Duodenal lymphocytosis” had
been excluded according to a previous report by our
[18]
group . Demographic and clinical characteristics
of enrolled patients, including the familial polyposis
history, are reported in Table 1.

Table 1 Main features of enrolled patients
Patient
number

Age Sex

1

49

F

2
3
4
5
6
7

34
62
29
32
35
46

M
M
F
M
F
M

8
9
10
11

59
58
51
46

M
F
F
M

12

47

M

13

33

F

14
15
16
17
18
19
20
21
22

58
24
51
32
29
31
64
58
46

M
F
M
M
F
M
M
M
M

Surgical procedure

Relatives with FAP

Surgical polypectomy/
duodenotomy
Endoscopic polypectomy
Duodenal resection
Endoscopic polypectomy
Ampullectomy
Duodenal resection
Surgical polypectomy/
duodenotomy
Ampullectomy
Duodenal resection
pancreatoduodenectomy
Ampullectomy

Brother

Surgical polypectomy/
duodenotomy
Surgical polypectomy/
duodenotomy
pancreatoduodenectomy
Ampullectomy
Ampullectomy
Endoscopic polypectomy
Endoscopic polypectomy
Ampullectomy
pancreatoduodenectomy
Ampullectomy
Surgical polypectomy/
duodenotomy

Mother
Daughter
Father, sister
Mother
Father, brother
Father
Mother, son
Father, daughter
Mother, sister
Mother, daughter,
sister
Brother
Mother
Mother, sister
Father, aunt
Sister
Mother, brother
Mother
Father
Mother, son
Brother
Father, brother

[11]

strategy against CRC . Indeed, some studies
have demonstrated the safety and effectiveness of
phytoestrogen supplementation in the prevention of
[15]
[16]
CRC . Recently, Calabrese et al
have shown that
supplementation with a phytoestrogen mixture is able
to decrease amount and size of duodenal adenomas in
FAP patients who underwent prophylactic colectomy,
thus emphasizing the role of ER in FAP, not only in the
colon, but even in extra-intestinal sites.
To the best of our knowledge, no study investigating
the relationship between ERs and cellular turnover
(proliferation/apoptosis) has yet been reported in the
duodenal FAP patients subset. Hence, we performed
an experimental study investigating the expression
of ER-α and b in subjects undergoing duodenal
resection for epithelial malignancy after prophylactic
colectomy. Additionally, in this study ERs expression
was correlated with the markers of cellular proliferation
(Ki-67) and apoptosis (TUNEL). Finally, a declining coexpression of ER-beta with caspase 3, a known marker
of the early stages of apoptosis, was detected in the
progressive stages of FAP carcinogenesis.

Immunohistochemistry of estrogen receptors

ER-β and ER-α nuclear expression was detected by
anti-ER-b (Novocastra Menarini, Milan, Italy) and antiER-α monoclonal (Santa Cruz, CA, United States)
mouse antibodies. First, antigen was recovered
(shakeup in phosphate buffered saline - PBS - with
TWEEN 0.025% followed for ER-β and ER-α by
enzymatic unmasking - proteolytic enzyme for autostainer, Dako, Copenhagen, Denmark, and microwave
treatment in citric buffer at pH 6.0, respectively)
and, successively, the samples underwent overnight
incubation at 4 ℃ using primary antibodies (dilution
1:50 with PBS).
After washing in PBS, sections underwent 20 min
(two steps) ambient temperature incubation with an
HRP polymer-based anti-mouse kit (Biocare Medical,
Concord, CA, United States). 3,3-diaminobenzidinetetrahydrochloride (DAB, Vector laboratories) represented
the chromogen, while haematoxylin (Sigma, Italy) the
nuclear counterstain.
Healthy colonic mucosa as well as breast carcinoma
sections represented ER-β and ER-α positive controls,
respectively.

MATERIALS AND METHODS
Patients

The study group included 22 patients (8 females
and 14 males) affected by FAP undergoing duodenal
surgical resection for epithelial malignancy. The age of
enrolled patients was 44.2 ± 12.9 years (mean ± SD);
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and detected by monoclonal rabbit antibody (clone
MIB-1, Dako, Copenhagen, Denmark). After de-waxing
by xylene, samples were cleaned by absolute ethanol
and water graded mixtures. Endogenous peroxidase
activity was inhibited by 3% hydrogen peroxide.
Antigen was unmasked by microwave oven (two
steps of 5 min in citrate buffer pH 6.0) at 750 W. After
non-specific antigen inhibition by goat serum (5%),
primary antibody (Dako, Copenhagen, Denmark)
was incubated overnight at 4 ℃, at a dilution of 1:
100. Secondary peroxidase-conjugated antibody
(EnVision, DakoCopenhagen, Denmark) was used
(40 min, ambient temperature). Aminoethylcarbazole
(Vector laboratory) was the chromogen and aqueous
haematoxylin the counterstain dye.

Statistics: Comparison among the five groups
(Controls, normal mucosa in FAP, LGD, HGD, AC) of ERbeta, ER-α, ER ratio, TUNEL and Ki67 was carried out
by one-way analysis of variance (ANOVA) plus posthoc Bonferroni’s test. Correlation analysis was carried
out by Pearson’s test, and the r values with 95%CI
were calculated. Significance was set at P < 0.05 (twotailed). Weighted k statistics coefficient according
to Landis and Koch benchmarks was computed for
diagnostic agreement of immunohistochemistry
(< 0.4: poor agreement; 0.4-0.8: moderate-good
agreement; > 0.8: excellent agreement). GraphPad
Prism software version 5.00 for Windows (GraphPad
Software, San Diego California United States) was
used for computing. An expert in Biomedical Statistics
evaluated the statistical methods used in this study.

Evaluation of epithelium apoptosis

TUNEL (in situ Cell Death Detection kit, Roche, Italy)
was used as apoptosis marker. Briefly, samples were
de-waxed and incubated with 0.1 mol/L citrate buffer
(pH 6.0) in microwave oven at 350 W for 10 min.
Then, sections were treated by TUNEL probe (37 ℃,
1 h). TOPRO 3 was used as counterstain (Invitrogen
Molecular Probes) at a dilution of 1:5000. Confocal
microscopy magnification was used for TUNEL
expression evaluation.

RESULTS
Inter-observer agreement regarding immuno
histochemistry estimation of ER-α, ER-b, TUNEL and
Ki67 expression yielded k = 0.84 (95%CI: 0.72-0.94).
ER-α LI showed a progressive increase from normal
tissue (24.8 ± 5.6) to AC (52.0 ± 8.2). The expression
in normal tissue was similar to that in controls (22.5
± 5.3). There was a non-significant increase (28.0 ±
7.7) in LGD, while an up-regulation of ER-α (42.2 ±
17.2) was demonstrated in HGD, similar to that in AC.
Statistical analysis demonstrated Negative controls
= normal tissue = LGD < HGD = AC, as reported in
Figure 1. Immunohistochemical staining of ER-alpha is
shown in Figure 2.
ER-β LI revealed an opposite trend to ER-alpha,
with a progressive decline from normal tissue (23.5
± 4.9) to LGD (21.1 ± 4.8), HGD (9.3 ± 3.5) and AC
(7.1 ± 3.1). The normal tissue of subjects affected by
FAP expressed ER-beta like the controls (23.9 ± 6.2).
Statistical analysis demonstrated Negative controls
= normal tissue = LGD > HGD = AC, as reported in
Figure 1. Immunohistochemical staining of ER-beta is
shown in Figure 3.
Finally, the ER-b/α ratio (Figure 1) showed a
tendency to decline from normal tissue to AC.
Ki67 LI demonstrated a statistically significant
progressive increase at each disease stage up to AC
(Negative controls 20.7 ± 5.5 = Normal tissue 21.5 ±
6.3 < LGD 35.3 ± 5.2 < HGD 46.3 ± 8.5 < AC 59.3
± 9.5). There was no difference in apoptosis (TUNEL
LI) between controls and Normal tissue of FAP, but
a progressive decrease in LGD, through HGD to AC
(Negative controls 13.6 ± 1.9 = Normal tissue 13.1 ±
9.2 > LGD 8.0 ± 1.3 > HGD 2.3 ± 1.2 = AC 1.7 ± 0.7).
Epithelium proliferation/apoptosis LI and statistics are
reported in Figure 4.
As reported in Figure 5, Pearson’s correlation test
showed that ER-beta was directly correlated with
TUNEL LI (r = 0.8088, 95%CI: 0.6478-0.9007, P <
0.0001), whereas ER-α was inversely correlated with

Caspase 3 and ER-beta co-expression

Caspase-3 was investigated by a polyclonal rabbit
antibody cell signaling (gene ID 836 - Novus
Biologicals, Milan, Italy) as well as the co-expression
with ER-beta (Novocastra Menarini, Milan, Italy).
Sections were agitated in PBS buffer with TWEEN
0.025% for 10 min and incubated in microwave oven
(citric buffer pH 6.0, 10 min, 750 W) for antigen
unmasking. Then, they were treated (1 h, ambient
temperature) in 5% BSA and FCS blocking solution.
Successively, they were immersed in a combination
of anti-ER-beta 1:50/anti-Caspase-3 1:50, at 4 ℃
overnight. Alexa 555 fluorescent-conjugated goat
anti-rabbit/anti-mouse (Invitrogen, Life Technologies,
Monza, Italy) at a dilution of 1:200 represented
secondary antibody. Nuclear counterstain was obtained
using TOPRO-3 (Invitrogen-Molecular Probes) for 10
min at ambient temperature.

Semiquantitative estimation of immunohistochemistry

Samples were examined at × 400. The count of
positive cells was performed on 10 well-oriented
villi/crypts. Labeling index (LI), i.e., percentage of
positive cells, represented the numerical value of the
estimation.
For each patient, the cell count was carried out in
areas of adenocarcinoma, high-grade dysplasia, lowgrade dysplasia and normal tissue. Due to the large
size of the surgical resection, each sample contained
all four pictures. The evaluation was performed by two
blinded observers.
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Figure 1 Labeling Index values of immunohistochemical analysis of ER alpha (A), ER beta (B) and ER beta/alpha ratio (C). aP < 0.05; bP < 0.001.
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Figure 2 Immunohistochemical staining of ER-α. A: normal; B: HGD; C: AC.
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Figure 3 Immunohistochemical staining of ER-b. A: Normal; B: HGD; C: AC.
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Figure 5 Direct correlation between ER-beta and TUNEL and inverse correlation between ER-α and TUNEL (Pearson’s test).

TUNEL LI [r = - 0.7257, 95%CI: -0.8543 - (-0.5135),
P < 0.0001]. The relationship between ER-beta and
apoptosis markers was confirmed by the evidence of
ER-beta/caspase 3 co-expression. This co-expression,
as reported in Figure 6, was observed to decrease
progressively from normal to neoplastic tissue
(Negative controls 19.89 ± 5.241 = Normal tissue
21.14 ± 3.850 = LGD 18.84 ± 3.918 > HGD: 7.288

WJG|www.wjgnet.com

± 3.062 = AC: 5.870 ± 2.576). In Figure 7, the coexpression of ER-beta and caspase 3 is clearly shown
in normal tissue, while an evident, poor expression is
observed in HGD.

DISCUSSION
FAP is a rare disease in which a genetic mutation

3207

March 21, 2016|Volume 22|Issue 11|

Di Leo A et al . Estrogen receptors and duodenal familial polyposis
“key to understanding” could be deduced according
[29]
to Kouzmenko et al . In this study, APC was shown
to be physically associated with ER-alpha in a liganddependent manner, thus inhibiting the transcription of
ER-alpha related genes such as c-myc and cyclin D.
Meanwhile, nuclear ER-beta has been demonstrated
to be able to cleave beta catenin, a function that is
[30]
normally played by APC . In this way, ER-alpha and
beta may act in reciprocally opposite ways in the
regulation of the Wnt/β catenin/APC pathway.
Many attempts to obtain an effective chemo
prevention have been made in human and animal
models. The results support the hypothesis that
selective estrogen stimulation is protective in FAP,
as also in sporadic CRCs. Indeed, the promising
[16]
report by Calabrese et al
about the beneficial
effect of a selective stimulation of ER-beta on
duodenal polyps offers a clue that estrogens and
ERs may modulate carcinogenesis in FAP. Moreover,
[31]
Barone et al
have shown that a phytoestrogen
supplementation slows down polyp onset through
min/+
a process of over-stimulation of ER-beta in Apc
[32]
mice. Additionally, Khor et al
demonstrated that
phenethyl isothiocyanate chemoprevention is mediated
by an increased expression of caspase 3 in the same
model. Interestingly, some reports show that ER-beta
activation induces a phosphorylation of p38/MAPK,
which is involved in caspase-3 activation, driving
[33,34]
cells into the apoptotic cycle
. Finally, caspase 3
min/+
expression is strongly reduced in Apc
mice with
[35]
carcinoma .
All the data reported about ERs and path
ophysiological mechanisms of cellular turnover have
been obtained in human and animal models at the
level of the large bowel in the course of FAP. As known,
a subset of patients may develop adenomas and
carcinomas in the duodenum. In this setting, no study
about carcinogenic mechanisms and ERs involvement
has yet been performed, but clinical evidence in
only one study shows that ER-beta stimulation by
phytoestrogens has a beneficial effect on polyp size
[16]
and number .
In the present study, we firstly assessed the
expression of ERs alpha and beta in FAP patients
with duodenal carcinoma and their relationship with
epithelial proliferation/apoptosis markers. Additionally,
based on the evidence of a link between the ER-beta
and caspase 3 pathways in anti-neoplastic activity, we
studied the co-expression of these molecules. Although
the small sample size may be a limit of the study, we
must bear in mind the rarity of FAP, whose incidence
[2,3]
ranges from 1:7000 to 1:8000 births per year .
Moreover, its localization in the small bowel is very
uncommon, accounting for only 8.5% in a registry
[36]
study of 1255 patients with FAP . In any case, all
studies regarding duodenal FAP have included a similar
[37-39]
number of cases, to the best of our knowledge
.
Our main results may be summarized as follows: (1)
a sharp ER-beta decrease is evident in the progression
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Figure 6 Labeling Index values of confocal microscopy analysis of ERbeta and caspase 3 co-expression. cP < 0.001.

predisposes affected subjects to multiple colorectal
cancers. Although it represents a typical monogenic
Mendelian example of genetic CRC, carcinogenesis
may be sustained by other pathways, including
inflammatory and hormonal factors. Indeed, Giardiello
[19]
et al
have reported a case of polyp regression in
a patient with FAP after the administration of oral
[20]
contraceptives. Likewise, Tonelli et al
reported
that raloxifene, a selective ER modulator, is able to
reduce desmoid tumors and mesenteric fibromatosis
in patients with Gardner’s syndrome. Furthermore,
engineered human colon cancer cells (HCT8)
over-expressing ER-beta showed an inhibited cell
proliferation and an increased cell adhesion, in a
ligand-independent manner, as reported by Martineti
[21]
et al . The magnitude of this effect was directly
correlated with the level of ER-beta expression. In this
[14]
regard, our group has previously demonstrated that
LGD, HGD and carcinoma in FAP are characterized by a
progressive decline in colonic ER-beta expression and
a contemporary increase in ER-alpha expression. This
finding is consistent with the results of the present
study, and may provide evidence that ERs in FAP play
[22-24]
a similar role to the one identified in both sporadic
[25-27]
and inflammatory CRC
. Indeed, ER-alpha acts as a
pro-carcinogenic and ER-beta as an anti-carcinogenic.
The rarity of FAP is an obstacle to experimentation,
but animal models mimicking the pathogenesis of FAP
are useful in providing data that can be applicable
min/+
to humans. Apc
mice are genetically modified
rodents with the same mutation in the APC gene which
occurs in human FAP. Animals develop multiple bowel
adenomas evolving into carcinomas. Using this model,
[28]
Cleveland et al
have demonstrated that the loss of
ER-beta supports the growth of many large polyps,
while the activation of ER-alpha triggers the Wnt/
β-catenin pathway. Although the interaction between
ERs and APC has not been fully investigated, a possible
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Figure 7 Co-expression of ER-b and caspase 3 is clearly shown in normal tissue. A: Nuclear ER-b expression in a normal villous area (red signal); B: Nuclear
caspase 3 expression in a normal villous area (green signal); C: Merge of the two signals and counterstaining with TOPRO 3 (blue signal): magnification at × 1000;
D: Nuclear ER-beta expression in the HGD area (red signal); E: Nuclear caspase 3 expression in the HGD area (green signal); F: Merge of the two signals and
counterstaining with TOPRO 3 (blue signal): magnification at × 400.
featuring multiple colonic polyps, with a possible duodenal involvement. No
study investigating the relationship between estrogen receptors (ERs) and
cellular turnover has yet been reported in the subset of patients with duodenal
FAP.

from normal tissue to neoplasm; (2) ER-β expression
is directly related to apoptosis expressed as TUNEL LI;
and (3) the co-expression of ER-beta and caspase 3
undergoes a sharp decline from normal to neoplastic
tissue. This evidence supports the possibility of a
relationship between ERs and cellular turnover.
In conclusion, this report underlines the importance
of ERs in FAP beyond genetic factors, underlining that
hormonal carcinogenesis is a process common to both
genetic and sporadic CRCs. Moreover, this study is
the first to suggest a similar carcinogenic mechanism
not only at colonic sites, but also in the small bowel
and especially in the duodenum in the course of
FAP. On these bases, FAP could be considered as an
ideal target for a chemoprevention strategy based
[16,40-42]
on natural products such as phytoestrogens
,
which are very selective and do not share the side
effects reported for drugs such as aspirin or other
[43]
cyclooxygenase inhibitors . Presumably, the chemo
prevention induced by ER-beta agonists may interact
with a stimulation of epithelial apoptosis.

Research frontiers

The authors performed an experimental study investigating the expression
of ER-α and beta in subjects who had undergone duodenal resection for
epithelial malignancy after prophylactic colectomy. Additionally, in this study
ERs expression was correlated with the markers of cellular proliferation (Ki-67)
and apoptosis (TUNEL). Finally, a co-expression of ER-beta with caspase 3, a
known marker of the early stages of apoptosis, was detected in the progressive
stages of FAP carcinogenesis.

Innovations and breakthroughs

ER-beta showed a progressive decline from normal tissue to high grade
dysplasia (HGD) and adenocarcinoma (AC). The normal tissue of FAP subjects
expressed ER-beta like the controls. TUNEL did not reveal a difference
between controls and normal tissue of FAP, but decreasing levels in low grade
dysplasia, through HGD to AC. ER-α showed a progressive increase from
normal tissue to AC; the expression in FAP normal tissue was similar to that in
controls. Ki-67 demonstrated a statistically significant progressive increase at
each disease stage up to AC. A decreasing co-expression of ER-β and caspase
3 was observed from normal to neoplastic tissue.

Applications
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beta agonists may interact with a stimulation of epithelial apoptosis.
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Abstract
AIM: To determine the correlation between the hepatic
venous pressure gradient and the endoscopic grade of
esophageal varices.

Institutional review board statement: This study was reviewed
and approved by the institutional review board on Human
Subjects Research and Ethics Committees of Soonchunhyang
University Seoul Hospital.

METHODS: From September 2009 to March 2013,
a total of 176 measurements of hepatic venous
pressure gradient (HVPG) were done in 146 patients.
Each transjugular HVPG was measured twice, first
using an end whole catheter (EH-HVPG), and then
using a balloon catheter (B-HVPG). The HVPG was
compared with the endoscopic grade of esophageal
varices (according to the general rules for recording
endoscopic findings of esophagogastric varices), which
was recorded within a month of the measurement of
HVPG.

Informed consent statement: Informed consent for this study
was waived by the institutional review board on Human Subjects
Research and Ethics Committees of Soonchunhyang University
Seoul Hospital.
Conflict-of-interest statement: All authors of this study have
no conflict of interest to declare.
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
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RESULTS: The study included 110 men and 36
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women, with a mean age of 56.1 years (range,
43-76 years). The technical success rate of the
pressure measurements was 100% and there were no
complication related to the procedures. Mean HVPG
was 15.3 mmHg as measured using the end hole
catheter method and 16.5 mmHg as measured using
the balloon catheter method. Mean HVPG (both EHHVPG and B-HVPG) was not significantly different
among patients with different characteristics, including
sex and comorbid factors, except for cases with
hepatocellular carcinoma (B-HVPG, P = 0.01; EH-HVPG,
P = 0.02). Portal hypertension (> 12 mmHg HVPG)
occurred in 66% of patients according to EH-HVPG and
83% of patients according to B-HVGP, and significantly
correlated with Child’s status (B-HVPG, P < 0.000; EHHVGP, P < 0.000) and esophageal varies observed
upon endoscopy (EH-HVGP, P = 0.003; B-HVGP, P
= 0.006). One hundred and thirty-five endoscopies
were performed, of which 15 showed normal findings,
27 showed grade 1 endoscopic esophageal varices,
49 showed grade 2 varices, and 44 showed grade
3 varices. When comparing endoscopic esophageal
variceal grades and HVPG using univariate analysis, the
P value was 0.004 for EH-HVPG and 0.002 for B-HVPG.

INTRODUCTION
It is well known that the hepatic venous pressure
gradient (HVPG) correlates well with the clinical severity
and prognosis of the symptoms of liver cirrhosis,
[1]
including esophageal variceal bleeding . Thus, HVPG
has been used as a prognostic predictor of cirrhosis
severity and in pharmacological prevention of variceal
bleeding. Commonly used methods for measuring
HPVG are end-hole and balloon catheter techniques.
It has been reported that the balloon catheter is more
[2,3]
accurate and reproducible
. However, whether
differences in pressure measurements obtained from
the end-hole and balloon catheter techniques are
clinically relevant remains unclear.
Esophageal varices are common complication
of liver cirrhosis, and variceal bleeding is closely
related to the mortality and morbidity of these
patients. The reported mortality from acute bleeding
episodes accounts for approximately 15%-20% in
[4]
liver cirrhosis patients . In addition, the endoscopic
grade of esophageal varices closely correlates with
[5]
variceal bleeding . In a recent literature review, we
found few reports on the relationship between HVPG
measurement methods and esophageal varices grade
based on endoscopic findings. The purpose of the
present study, therefore, is to determine the correlation
between the hepatic venous pressure gradient and
the endoscopic grade of esophageal varices, while also
comparing the pressures obtained with the use of endhole and balloon catheter techniques.

CONCLUSION: Both EH-HVPG and B-HVPG showed
a positive correlation with the endoscopic grade of
esophageal varices, with B-HVPG showing a stronger
correlation than EH-HVPG.
Key words: Hepatic venous pressure gradient; Liver
cirrhosis; Esophageal varices; Endoscopic grade of
esophageal varices; Balloon catheter measurement;
End hole catheter measurement

MATERIALS AND METHODS
Patient characteristics

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

From September 2009 to March 2013, a total of 176
HVPG measurements were carried out in 146 liver
cirrhosis patients in the interventional radiology unit at
our institution. This study was reviewed and approved
by the Institutional Review Board on Human Subjects
Research and Ethics Committees of Soonchunhyang
University Seoul Hospital. The HVPG measurements
were done before any medical treatment or during
transjugular intrahepatic portosystemic shunt
(TIPS) or balloon-occluded retrograde transvenous
obliteration. Inclusion criteria for the study were:
diagnosis of cirrhosis (based on clinical, serological
and imaging findings including abdominal computed
tomography and/or ultrasound); stable hemodynamic
state with no active variceal bleeding at the time of
HVPG measurement; no large ascites that might affect
intra-abdominal pressure and patients with endoscopic
exams within a month (before or after) the HVPG
measurements. The study included 110 male and 36
female patients with a mean age of 56.1 years (range,
43-76 years). The etiologies of liver cirrhosis were
alcoholism (n = 76, 52%), hepatitis B (n = 57, 39%),
hepatitis C (n = 8, 5.5%), and other (n = 5, 3.5%)
including cryptogenic and autoimmune hepatitis. Forty-

Core tip: This retrospective study aimed to determine
the correlation between the hepatic venous pressure
gradient (HVPG) and the endoscopic grade of esophageal
varices. Our results showed a good correlation between
the endoscopic grade of esophageal varices and the
HVPG measured by using either end-hole catheter or
balloon catheter techniques. HVPG measured with the
balloon catheter method showed a stronger correlation
with esophageal varix grade upon endoscopy than when
measured with the end-hole catheter method. HVPG
measured using the balloon catheter method provides
useful information that will allow practitioners to predict
the risk of esophageal varix bleeding and guide patients
towards appropriate treatment.
Lee E, Kim YJ, Goo DE, Yang SB, Kim HJ, Jang JY, Jeong SW.
Comparison of hepatic venous pressure gradient and endoscopic
grading of esophageal varices. World J Gastroenterol 2016;
22(11): 3212-3219 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i11/3212.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i11.3212
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A

B

C

Figure 1 Inferior vena cava pressure, end-hole catheter method, balloon catheter method. Fluoroscopic images of pressure measurements. A: The infrarenal
inferior vena cava (IVC) pressure is assessed at the level of the renal vein; B: Measurement of wedged hepatic venous pressure with the end-hole catheter; C:
Measurement of wedged hepatic venous pressure with the balloon catheter. In the measurement of the wedged hepatic venous pressure, adequate hepatic vein
occlusion is confirmed by dye injection in both methods.

six patients had a Child-Pugh status of A (31.5%), 81
patients had a status of B (55.5%), and 19 patients
had a status of C (13%). Comorbid factors were
documented based on a review of patients’ medical
records.

pressure were allowed to stabilize for at least 45-60 s.
In this study, the hepatic venous pressure gradient was
determined by subtracting the IVC pressure from the
wedged hepatic venous pressure. Portal hypertension
is defined as an HVPG over 12 mmHg.

Measurement of HVPG: End-hole and balloon catheters

Endoscopic grading of esophageal varices

Two attending interventional radiologists, with 10 and
20 years of experience, performed the procedures
after receiving information on the patients’ diagnoses
and clinical statuses. All measurements were
performed in fasting patients in the supine position,
and no intravenous or oral medication known to
affect portal vein pressure had been administered
for at least 24 h before the procedures. The right
internal jugular vein approach was used in all cases
with a 7-F introducer sheath (Teleflex, Westmeath,
Ireland). Systemic venous pressure [measured in
the infrarenal inferior vena cava (IVC)] was taken
with a 5-F end-hole vascular catheter (KMP, AA M.M.,
Gyunggido, South Korea) and wedged hepatic venous
pressure (WHVP) was measured in the right hepatic
vein with a 5-F, 7mm balloon catheter (Clearstream
technologies, Wexford, Ireland). Contrast material
®
(Iomeron 300, Braco) was used for IVC and wedged
hepatic venograms. Systemic venous pressure was
assessed by the placement of a catheter in the IVC
at the level of the renal vein. For measurements of
WHVP, the end-hole catheter was advanced until the
technician felt resistance or a slight bowing in the
catheter shaft was seen on fluoroscopy. The balloon
catheter was inflated until likewise achieving a wedged
position. All procedures associated with placement of
catheters were carried out under fluoroscopic guidance
(Figure 1). Adequate occlusion of the hepatic vein
was confirmed by the absence of backflow following
dye injection. Prior to recording of the tracings, both
systemic venous pressure and wedge hepatic venous

WJG|www.wjgnet.com

Endoscopic exams were carried out in 135 cases
in 146 patients within a month (before or after)
the HVPG measurements. Two board-certificated
gastroenterologists with 2 and 10 years of experience
performed the endoscopic procedures after receiving
information on the patients’ diagnoses and clinical
statuses. Endoscopic grading of esophageal varices is
based on “The General rules for recording endoscopic
findings of esophageal varices,” published by the
Japanese Research Society for Portal Hypertension.
Esophageal varix form was classified as follows: F1,
small straight varix; F2, enlarged tortuous varix that
occupies less than one-third of the lumen; F3, large
coil-shaped varix that occupies more than one-third
of the lumen (Figure 2). The two gastroenterologists
separately reviewed the endoscopic exam findings
and came to a consensus on the final grade for each
patient.

Statistical analysis

The Mann-Whitney U test and the Kruskal-Wallis test
were used to identify differences in HVPG (both EHHVPG and B-HVPG) among the patients with different
characteristics, including sex, etiology of liver cirrhosis,
and comorbid factors. To examine the correlation
between hemodynamic status and HVPG values, a
2
Spearmann correlation was used. A χ test was used
to identify the possible confounder effect of severity of
liver cirrhosis. To evaluate the association between the
severity of liver cirrhosis (Child-Pugh status) and the
2
HVPG, a χ test and univariate ANOVA with Turkey’s
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A

Table 1 End-hole catheter method (P < 0.000)

Child A
Child B
Child C
Total

Normal

Portal HTN

Total

26
23
2
51

20
58
17
95

46
81
19
146

Table 2 Balloon-hole catheter method (P < 0.000)

Child A
Child B
Child C
Total

B

Normal

Portal HTN

Total

17
8
1
26

29
73
18
120

46
81
19
146

end-hole and balloon catheter methods in each patient.
The technical success rate was 100% in all cases and
there were no procedure-related complications. The
mean pressures were 15.7 mmHg in the IVC (at the
renal vein level) and 30.9 mmHg in the WHVP as
measured with the end-hole catheter method, and
32.1 mmHg in WHVP as measured with the balloon
catheter method. The mean HVPG was 15.3 mmHg
with the end hole catheter method and 16.5 mmHg
with the balloon catheter method. Portal hypertension
(HVPG > 12 mmHg) was identified in 66% of the
patients using EH-HVPG and in 83% of the patients
using B-HVPG.

C

Association between HVPG and severity of liver
cirrhosis (Child-Pugh status)

The baseline Child-Pugh status was recorded in all
patients. The analysis of the correlation between
HVPG and the severity of liver cirrhosis was carried
2
out using a χ test. A Child-Pugh status of C reflects
the most severe liver cirrhosis. 20/46 patients (43%)
with Child’s A, 58/81 patients (71%) with Child’s B and
17/19 patients (89%) with Child’s C showed portal
hypertension using the end-hole catheter method.
With the balloon catheter method, 29/46 patients
(63%) with Child’s A, 73/81 patients (90%) with Child’s
B and 18/19 patients (94%) with Child’s C showed
portal hypertension. A significantly higher proportion
of patients with Child’s B and C status showed portal
hypertension using both methods (P < 0.000) (Tables
1 and 2). In both methods, HVPG increases as the
Child-Pugh score increases. When using the end-hole
catheter method, the mean HVPG in patients with
Child’s A was 11.07 ± 5.07 mmHg, in patients with
Child’s B it was 15.67 ± 7.26 mmHg, and in those
with Child’s C it was 22.47 ± 8.44 mmHg. Using the
balloon catheter method, the mean HVPG in patients
with Child’s A was 13.28 ± 6.11 mmHg, in those with
Child’s B it was 16.78 ± 4.48 mmHg, and in those with
Child’s C it was 21.53 ± 7.27 mmHg. Univariate ANOVA
analysis showed that the mean HVPG increases as the

Figure 2 Endoscopic grading of the esophageal varices based on the
general rules for recording endoscopic findings of esophagogastric
varices. A: F1, Small and straight; B: F2, Enlarged and tortuous; C: F3: Large
and coil shaped.

B were used. Fisher’s exact test was used to evaluate
the correlation between the HVPG measurement taken
with each method (end-hole and balloon catheter) and
the presence of an esophageal varix on the endoscopic
exam. The Spearman correlation was used to evaluate
the correlation between the two HVPG measurement
methods and the endoscopic grade of esophageal
varices. Statistical analysis was carried out using the
SPSS 14.0 software package (SPSS Inc., Chicago, IL),
and statistical significance was defined as P < 0.05.

RESULTS
Measurement of HVPG: End-hole vs balloon catheter
methods

Measurement of HVPG in was carried out with both
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A

25

A

22.47 ± 8.44

2

R = 0.081

40

15.67 ± 7.26

30

15
11.07 ± 5.07

Balloon_IVC

EH-HVPG (mmHg)

20

10
5

20

10
0

B

Child A

Child B

Child C
0

25
21.53 ± 7.27

0.0

0.5

1.0

B

13.28 ± 6.11

40

5
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0

2.0

2.5
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Child A

Child B
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20
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Figure 3 Association between mean hepatic venous pressure gradient
values and Child’s status. A: End-hole catheter method, P < 0.000; B: Balloon
catheter method, P < 0.000.

0
-10

Child’s status increases, and the mean HVPG value of
each status is significantly different regardless of which
measurement method was used (P < 0.000) (Figure
3). Post-hoc analysis (Tukey’s B test) showed that the
mean HVPG values among the Child status groups
were significantly different.

0.0

0.5

1.0

1.5

2.0

2.5

3.0

F

Figure 4 Correlation between hepatic venous pressure gradient and
endoscopic grading of esophageal varices. A: Hepatic venous pressure
gradient (HVPG) measured with balloon catheter method (B-HVPG); B: HVPG
measured with end-hole catheter method (EH-HVPG). Both EH-HVPG and
B-HVPG had a good correlation with the endoscopic grading of esophageal
varices. B-HVPG had a stronger positive correlation with the endoscopic
esophageal varices grade than EH-HVPG (B-HVPG, r = 0.081, P = 0.002; EHHVPG, r = 0.050, P = 0.004).

Correlation between HVPG and esophageal varix in
endoscopic examination

Endoscopy was carried out in 135 cases in 146
patients. Normal findings were seen in 15 cases (11%).
The endoscopic grade of esophageal varix, based on
the “General rules for recording endoscopic findings of
esophageal varices,” was F1 in 27 cases (20%), F2 in
49 cases (36%), and F3 in 44 cases (33%). Of the 135
cases, 93 (69%) showed moderate to large varices.
83/87 patients (95%) with portal hypertension showed
an esophageal varix upon endoscopic examination
using the end-hole catheter method (P = 0.003), and
103/111 patients (92%) with portal hypertension
showed an esophageal varix upon endoscopic
examination using the balloon catheter method (P
= 0.006). Although esophageal varices were found
in both the normal and portal hypertension groups,
the incidence was significantly higher in the portal
hypertension group using either method (P = 0.003,
end-hole catheter; P = 0.006, balloon catheter).
Univariate ANOVA analysis showed that both EHHVPG and B-HVPG were positively correlated with the
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2

R = 0.050

50

10

Wedge_IVC

B-HVPG (mmHg)

16.78 ± 4.48
15

1.5

F

20

endoscopic grading of esophageal varices. B-HVPG
(r = 0.081, P = 0.002) showed a stronger positive
relationship with the endoscopic grading of esophageal
varices than did EH-HVPG (r = 0.050, P = 0.004)
(Figure 4).

Patient characteristics and HVPG: Hemodynamic status,
sex, etiology and comorbid factors

Hemodynamic factors including systolic blood pressure
(SBP), diastolic blood pressure (DBP), and heart
rate (HR) that might affect HVPG had no significant
correlation with HVPG when using the end-hole
catheter method (SBP, P = 0.38; DBP, P = 0.36; HR, P
= 0.56) or the balloon catheter method (SBP, P = 0.66;
DBP, P = 0.25; HR, P = 0.14).
In this study, the number of male patients was
about 3 times greater than the number of female
patients (M:F = 110:35). However, there was no
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significant difference seen with EH-HVPG (P = 0.40) or
B-HVPG (P = 0.32) depending on sex.
The etiologies of liver cirrhosis were alcoholism
(n = 76, 52%), hepatitis B (n = 57, 39%), hepatitis
C (n = 8, 5.5%), and other (n = 5, 3.5%) including
cryptogenic and autoimmune hepatitis. As there were
a small number of hepatitis C patients, we evaluated
etiologies in three groups: viral (hepatitis B and
C), alcoholism, and other. There was no significant
difference seen with EH-HVPG (P = 0.10) or B-HVPG (P
= 0.10) among the groups.
Percent of forty-eight (71/146) of patients had
one or more comorbid factor. The comorbid factors
were hypertension (n = 14), diabetes mellitus (n =
29), hepatocellular carcinoma (n = 41), gastric cancer
(n = 2), chronic renal failure with no hemodialysis
(n = 1), Moyamoya disease (n = 1), systemic lupus
erythematosus (n = 1), and thyroid cancer (n = 1).
Thirty-two percent (23/71) of patients had more
than one comorbid factor. When we compared HVPG
between the comorbid group and the non-comorbid
group, we found no significant difference whether EHHVPG (P =0.22) or B-HVPG (P = 0.07) was used.
However, there was a significant difference in HVPG
between the group with hepatocellular carcinoma
(HCC) and the group with no HCC (EH-HVPG, P =
0.02; B-HVPG, P = 0.01). The mean HVPG value
was lower in the HCC group (EH-HVPG, 12.3 mmHg;
B-HVPG, 14.4 mmHg) than in the non-HCC group (EHHVPG, 16.0 mmHg; B-HVPG, 16.9 mmHg). However,
it should be noted that the non-HCC group had a
significantly larger number of patients with Child-Pugh
class B and C status (P = 0.002).

support for the use of endoscopy in estimating variceal
[6]
bleeding risk. Silkauskaite et al demonstrated a
positive relationship between HVPG and the size of
esophageal varices. As all bleeders had large varices
and non-bleeders had both small and large varices,
those researchers analyzed large varices separately to
eliminate confounding variables. The analysis of large
varices alone shows that HVPG is significantly higher
[7]
in bleeders compared to non-bleeders. Kim et al also
showed that the variceal bleeding risk significantly
increases as HVPG increases. In addition, patients
with high-grade endoscopic esophageal varices had
a higher bleeding risk, and the esophageal varix
grade tended to increase as HVPG increased, even
though those results were not statistically significant.
[8]
Wadhawan et al reported similar results. A possible
explanation for the variable results seen with respect
to the relationship between variceal size and HVPG
is that various portosystemic shunts used to treat
portal hypertension may have resulted in the partial
[9]
displacement of HVPG into the esophageal varices .
Direct methods used to measure portal pressure,
such as splenic pulp puncture and percutaneous
transhepatic approaches, are invasive and involve com
plications such as hemorrhage, portal vein thrombosis,
or intrahepatic arteriovenous fistula, especially in
liver cirrhosis patients with a high risk of bleeding and
ascites. Thus, measuring HPVP indirectly by assessing
[1]
wedged hepatic venous pressure is a good alternative .
Currently, the preferred method for determining
portal pressure is hepatic vein catheterization, which
measures a different pressure than that of the hepatic
vein and inferior vena cava (IVC). In this study, we
used the pressure measured in the infrarenal inferior
vena cava as the systemic venous pressure. Usually,
systemic venous pressure is measured in the free
hepatic vein (free hepatic venous pressure, FHVP) by
maintaining the tip of the catheter free in the hepatic
vein, at 2-4 cm from its opening into the inferior vena
cava. FHVP is usually close to the IVC pressure, with
a difference of less than 2 mmHg. However, there
are situations in which the difference is greater than
2 mmHg, such as partial or complete wedging of the
catheter, inadequate placement of the catheter, or
hepatic vein occlusion. In addition, systemic venous
pressure measurement in the hepatic vein and IVC
junction can be affected by respiratory motion. Thus,
we used the IVC pressure measured at the infrarenal
level as the systemic venous pressure in order to
eliminate variability in pressure measurement. Wedged
hepatic venous pressure is measured by occluding the
hepatic vein, either by wedging an end-hole catheter
into a small branch of the hepatic vein or by inflating a
balloon at the tip of a catheter in a distal branch of the
hepatic vein. Previous studies have shown that HVPG
measurement using the balloon catheter method is
more consistent and reproducible than measurement
[2,3,10]
using an end-hole or non-balloon catheter
. Also,
the values measured with the end-hole catheter

DISCUSSION
In this study, HVPG measured with both the endhole and balloon catheter methods showed a good
correlation with Child-Pugh status, representing the
severity of liver cirrhosis, and the presence of highgrade esophageal varices. B-HVPG showed a stronger
positive relationship with the endoscopic grading of
esophageal varices than did EH-HVPG.
One strength of this study is that it included data
from a relatively large number of patients. Also,
as the WHVP measurements were done with two
different methods (end-hole and balloon catheter), the
rate of intra-patient measurement error is probably
low. Moreover, this study compared two different
HVPG measurement methods and showed that the
balloon catheter method had a better correlation with
esophageal varix grade.
As the grading of esophageal varices is based on
visual inspection upon endoscopy, the evaluation of the
severity of esophageal varices is relatively subjective,
and not quantitative. We confirmed the relationship
between the esophageal varix grade based upon
endoscopic findings and the semi-quantitative data
based on hepatic pressure gradient, which provides

WJG|www.wjgnet.com

3217

March 21, 2016|Volume 22|Issue 11|

Lee E et al . Relationship of HVPG and esophageal varices
method tend to vary when the catheter is wedged in
different hepatic veins because of the heterogeneity
[11]
of sinusoidal involvement of liver cirrhosis . On
the other hand, the balloon catheter method allows
measurement of the hepatic veins at the lobar and
sublobar levels and, thus, more consistently represents
[12]
the true portal venous pressure . The current study
also demonstrates that HVPG measurement using a
balloon catheter correlates better with the endoscopic
grade of esophageal varices (P = 0.002 for the
balloon catheter method and P = 0.004 for the endhole catheter method), which supports the use of the
balloon catheter method in HVPG measurement.
We evaluated differences in HVPG according
to patient characteristics. There was no significant
correlation between HVPG and hemodynamic factors
including systemic blood pressure and heart rate. In
this study, the number of male patients was about 3
times greater than the number of female patients (M:F
= 110:35), which may have resulted in a selection bias.
However, there was no significant difference seen using
EH-HVPG (P = 0.40) or B-HVPG (P = 0.32) between
male and female patients. Also, there was no significant
difference seen using EH-HVPG (P = 0.10) or B-HVPG
(P = 0.10) depending on the etiology of liver cirrhosis.
Forty-eight percent (71/146) of patients had one or
more comorbid factor, and there was no significant
difference in HVPG between the comorbid group and
the non-comorbid group. However, patients with HCC
at the time of HVPG measurement had significantly
different HVPG measurements than did those without
HCC. In a secondary analysis of a randomized,
controlled trial in patients with compensated cirrhosis,
[13]
Ripoll et al
reported that HVPG is an independent
factor for HCC, in addition to albumin levels and viral
etiology. Also, in patients with well-compensated
cirrhosis and resectable HCC, the presence of clinically
significant portal hypertension markedly increased the
risk of unresolved hepatic decompensation occurring
[14]
within 3 mo of hepatic resection . Our study showed
the opposite result, that the HCC group showed
significantly lower mean HVPG values, regardless
of measurement method. The probable explanation
for this result is that the non-HCC group included a
significantly larger number of Child-Pugh class B and C
patients (P = 0.002) and the severity of underlying liver
cirrhosis is a confounding factor. Also, as the number of
patients known to have HCC was relatively small, it is
difficult to generalize from our results.
This present study has several limitations. First, this
is a retrospective study that used records from a single
medical center; thus, further studies using larger
sample sizes and prospective studies are necessary for
verification of our results. Second, HVPG measurement
and endoscopic grading of esophageal varices were
not performed blindly. As both HVPG measurement
and endoscopy are invasive procedures, the subjects
were limited to patients with cirrhosis of the liver.
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Also, regarding the assignment of endoscopic variceal
grades, two gastroenterologists separately reviewed
and determined the final grades in consensus. Third,
as direct portal pressure was not measured, the
extent to which the balloon or end-hole techniques
reflected true portal pressure is not clear. However,
this problem is offset to some degree by the relatively
close correlation of the pressure values obtained by
both methods, and also by the positive correlation with
variceal size, which is known to be closely correlated
with portal pressure. Further studies comparing
pressure measured via direct portal vein puncture to
that measured with balloon and end-hole catheters
will be helpful in supporting our results. Forth, IVC
pressure and wedged hepatic venous pressure were
measured only once per patient in a branch of the right
hepatic vein, which may affect the reliability of the
measurements. Nevertheless, we traced pressures for
at least 45-60 s in order to stabilize the measurements
and attempted to minimize variability in pressure
measurement. Fifth, we did not analyze data based
on bleeding events or attempt to compare long-term
follow up results with prognosis. It is known that a
higher HVPG and a larger variceal size are related
to higher risk of initial bleeding and a higher risk of
repeat bleeding after pharmacological treatment. Thus,
further studies are needed, including long-term follow
up and comparison of variceal bleeding events with
prognosis.

CONCLUSION
Both EH-HVPG and B-HVPG show a positive correlation
with the endoscopic grade of esophageal varices,
with B-HVPG showing a stronger correlation than EHHVPG. Thus, the use of balloon catheters for HVPG
measurement may provide more useful information
when practitioners attempt to predict the risk of
esophageal variceal bleeding and choose appropriate
treatment.

COMMENTS
COMMENTS
Background

Portal vein pressure closely correlates with the severity of liver cirrhosis and
complications including esophageal varices, and is used as a prognostic
predictor in liver cirrhosis. It is known that the hepatic vein pressure gradient
(HVPG) adequately reflects portal pressure in liver cirrhosis patients, especially
those with HBV and HCV-related cirrhosis. HVPG values greater than 10
mmHg are regarded as clinically significant value; they are associated with
portal hypertensive syndrome. HVPG is usually measured either with an endhole catheter or a balloon catheter. In this study, we evaluated the correlation
between the hepatic venous pressure gradient and the endoscopic grade of
esophageal varices, while simultaneously comparing the pressures obtained
with the use of end-hole and balloon catheters.

Research frontiers

It is important to measure HVPG with reliable and appropriate methods for
proper management of liver cirrhosis. Few studies have been done on the
relationship between esophageal varix grading based on endoscopic findings
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and HVPG measured with end-hole and balloon catheters.

Innovations and breakthroughs

4

In this study, HVPG measured with both the end-hole and the balloon catheter
methods showed a good correlation with Child-Pugh status, representing the
severity of liver cirrhosis, and the presence of high-grade esophageal varices on
endoscopic exams. HVPG measured with the balloon catheter method showed
a stronger positive relationship with the endoscopic grading of esophageal
varices than did HVPG measured with the end-hole catheter method.

5

Applications

HVPG measured with the balloon catheter method showed a stronger positive
relationship with the endoscopic grading of esophageal varices than did EHHVPG. This result supports the use of the balloon catheter method in HVPG
measurement.

6

Terminology

FHVP: Free hepatic venous pressure is pressure of a non-occluded hepatic
vein and should be similar to pressure in the inferior vena cava (systemic
venous pressure). In this study, it was measured at the level of the infrarenal
inferior vena cava. WHVP: The wedged hepatic venous pressure reflects portal
venous pressure at the sinusoidal level. Two methods can be used for WHVP
measurement, the balloon catheter method and the end-hole catheter method.
HVPG: Hepatic venous pressure gradient is determined by subtracting the
IVC pressure from the WHVP. It is known that HVPG adequately reflects portal
pressure in liver cirrhosis patients. EH-HVPG: HVPG measured by the end-hole
catheter method. B-HVPG: HVPG measured by the balloon catheter method.

7

8

9

Peer-review

The authors of this study evaluated the correlation between the hepatic venous
pressure gradient using two different methods (end-hole and balloon catheters)
and the endoscopic grade of esophageal varices. The results showed that
both methods showed a good correlation with endoscopic grade of esophageal
varices, but measurements taken with the balloon catheter method showed a
stronger positive correlation. Further studies with a larger number of subjects
and evaluation of prognosis will be valuable. Also, further studies comparing
HVPG measurements using direct methods such as portal vein puncture and
indirect methods such as balloon and end-hole catheters will be helpful in
strengthening this results.
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Abstract
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AIM: To identify whether the forceps estimation is
more useful than visual estimation in the measurement
of colon polyp size.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: We recorded colonoscopy video clips that
included scenes visualizing the polyp and scenes using
open biopsy forceps in association with the polyp, which
were used for an exam. A total of 40 endoscopists from
the Busan Ulsan Gyeongnam Intestinal Study Group
Society (BIGS) participated in this study. Participants
watched 40 pairs of video clips of the scenes for visual
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estimation and forceps estimation, and wrote down
the estimated polyp size on the exam paper. When
analyzing the results of the exam, we assessed interobserver differences, diagnostic accuracy, and error
range in the measurement of the polyp size.

INTRODUCTION
Colorectal cancer is the third most common tumor
in men and the second in women, accounting for
10% of all cancers worldwide. It is the fourth most
[1]
common cancer-related cause of death in the world .
In Korea, according to data from the Korean National
Cancer Center, the age-standardized incidence rate of
colorectal cancer was 49.8 per 100000 men and 26.4
[2]
per 100000 women in 2010 . It is well known that
most colorectal cancers arise from adenomatous polyps
and patients with adenomatous polyps have greater
[3-7]
risks of future development of advanced neoplasia .
This is the theoretical basis for the removal of all
adenomatous polyps detected during colonoscopic
[8,9]
examination . Potential risks of malignant evolution
are correlated with size, location, age, gender, growth
[10-14]
pattern, and grade of dysplasia
. It has been well
documented that larger polyps have more advanced
histological features. About one-third of all polyps
larger than 10 mm in size have advanced histology,
but diminutive polyps (≤ 5 mm in size) rarely have
[15,16]
advanced pathology
. Although the polypectomy
technique for diminutive and small polyps is highly
[17,18]
variable among endoscopists
, polyps ≥ 6 mm
have been removed by snare polypectomy as the
technique of choice and diminutive polyps have been
[18-20]
removed commonly by cold biopsy forceps
. Some
recent studies found that the complete resection rate
of cold forceps polypectomy for diminutive polyps
[21,22]
[23]
was 90%-92%
. However, Lee et al
reported
that snare polypectomy is superior to cold forceps
polypectomy for the endoscopic removal of diminutive
polyps with regard to completeness of polypectomy
[22]
(93.2% vs 75.9%, P = 0.009), and Kim et al
reported that the complete resection rates for polyps
sized 5 to 7 mm was significantly higher in the cold
snare polypectomy group compared with the cold
forceps polypectomy group (93.8% vs 70.3%, P =
0.013). In these regards, accurate measurement of
polyp size is important, but it is not easy to accurately
measure polyp size during colonoscopic examination.
[24]
Chen et al
found significant inter-observer
differences in the detection of adenomas larger than
1 cm. Even experienced endoscopists may make an
[25]
error when estimating polyp size . To estimate the
polyp size, several methods have been suggested,
including (1) visual estimation; (2) the use of open
biopsy forceps; (3) the use of a linear measuring
probe; or (4) the use of graduated injection needle
[26-29]
and snare
. Among them, the use of open biopsy
forceps is known to be a useful technique in colon
polyp size measurements, considering its favorable
time-to-effectiveness ratio, although it is not a
[27,28]
completely reliable method to estimate polyp size
.
However, in practice most endoscopists just measure
polyp size by visualization, and there is not enough

RESULTS: The overall intra-class correlation
coefficients (ICC) of inter-observer agreement for
forceps estimation and visual estimation were 0.804
(95%CI: 0.731-0.873, P < 0.001) and 0.743 (95%CI:
0.656-0.828, P < 0.001), respectively. The ICCs of each
group for forceps estimation were higher than those
for visual estimation (Beginner group, 0.761 vs 0.693;
Expert group, 0.887 vs 0.840, respectively). The overall
diagnostic accuracy for visual estimation was 0.639 and
for forceps estimation was 0.754 (P < 0.001). In the
beginner group and the expert group, the diagnostic
accuracy for the forceps estimation was significantly
higher than that of the visual estimation (Beginner
group, 0.734 vs 0.613, P < 0.001; Expert group, 0.784
vs 0.680, P < 0.001, respectively). The overall error
range for visual estimation and forceps estimation were
1.48 ± 1.18 and 1.20 ± 1.10, respectively (P < 0.001).
The error ranges of each group for forceps estimation
were significantly smaller than those for visual estimation
(Beginner group, 1.38 ± 1.08 vs 1.68 ± 1.30, P < 0.001;
Expert group, 1.12 ± 1.11 vs 1.42 ± 1.11, P < 0.001,
respectively).
CONCLUSION: Application of the open biopsy forceps
method when measuring colon polyp size could help
reduce inter-observer differences and error rates.
Key words: Colon polyp; Colonoscopy; Measurement;
Endoscopy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using open biopsy forceps is known to be a
useful technique to reduce error rates in colon polyp
size measurements, but in practice most endoscopists
just measure polyp size by visualization. There is little
information about accuracy differences between these
two methods. In this study, we showed that the interobserver difference, diagnostic accuracy, and error
range of forceps estimation were better than those
of visual estimation in the measurement of the polyp
size. We propose that forceps estimation should be
considered to measure the colon polyp size before
removing the polyp.
Kim JH, Park SJ, Lee JH, Kim TO, Kim HJ, Kim HW, Lee SH,
Baek DH; Busan Ulsan Gyeongnam Intestinal Study Group
Society (BIGS). Is forceps more useful than visualization for
measurement of colon polyp size? World J Gastroenterol 2016;
22(11): 3220-3226 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i11/3220.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i11.3220
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information available regarding the efficacy of these
two methods.
The aim of our study was to determine the interobserver differences and the error rates of the forceps
estimation (using open biopsy forceps) and the
visual estimation in the measurement of colon polyp
size, and to identify whether the forceps estimation
technique is more accurate and practical than visual
estimation in the measurement of colon polyp size.

A

MATERIALS AND METHODS
Measurement of polyp size and creation of the video
clips

B

This study was approved by the Institutional Review
Board of Kosin University Gospel Hospital. And all study
participants, or their legal guardian, provided informed
written consent prior to study enrollment. The colonic
polyps detected by colonoscopy were recorded on
video using Ancamcorder 2.5 (free recording software,
Antools Inc., Korea). We recorded the scenes of polyp
size measurement by visual estimation, using open
biopsy forceps and using a graduated catheter. The
polyp size measured by a graduated catheter (ERCPcatheter, 0130200, MTW, Germany) was considered
to be the actual size of the polyp in vivo (Figure 1A).
The length of the fully open biopsy forceps (Radial Jaw
4 Biopsy Forceps, Boston Scientific, United States)
was 6 mm (Figure 1B). We recorded a total of 120
video clips, each of which consisted of three parts.
The first part of all of the video clips included 40
scenes visualizing the polyp. These were captured to
simulate a realistic diagnostic colonoscopy. The second
part of the video clips included 40 scenes using open
biopsy forceps in association with the polyp (forceps
estimation). To avoid any optical illusions, the biopsy
forceps were opened and then withdrawn in the
open position toward the endoscope tip. Then, the
endoscope tip was advanced to the polyp. The last part
of the video clips showed the polyp being measured
with the graduated catheter, after being optimally
placed and aligned with the major axis of the polyp
(Figure 1A). A study investigator measured the actual
size of polyps and edited all of the video clips so that
each section was between 7 and 15 s in length. The
first and second parts of each video clip were used for
the exam, and the third part of each video clip was
used to determine the actual size of the polyp in vivo
in order to calculate the diagnostic accuracy of the
observers.

Figure 1 Static picture of a video clip, illustrating the colon polyp
measurement with a graduated catheter (A) and fully open biopsy forceps
(B).

than 300 colonoscopies. On the day of the exam,
participants watched 40 pairs of video clips. Each pair
consisted of a first section (visual estimation section)
showing only the polyp and the second section (forceps
estimation section) showing the polyp with the open
forceps. Upon viewing each video clip, subjects were
instructed to write down the estimated polyp size on
the exam paper. To avoid the possibility of the second
clip influencing the initial visual estimation from the
first clip, participants were informed before the exam
that written estimates could not be corrected. When
analyzing the results of the exam, we assessed interobserver differences, diagnostic accuracy, and error
ranges in the measurement of the polyp size.

Statistical analysis

Inter-observer differences (agreement) in the test
were evaluated by calculating the intra-class correlation
coefficient (ICC). Diagnostic accuracy was assessed
using the actual size of the polyps as measured by the
graduated catheter. If the subject made an estimate
within 1 mm of the actual polyp size, the answer was
considered to be correct. Error range was estimated by
calculating the difference between the written estimate
and the actual size of the polyp. An ICC below 0.59
was defined as poor agreement, an ICC of 0.60-0.79
was defined as moderate agreement, and an ICC
greater than 0.80 was considered to be an excellent
[30]
agreement . The significance of difference between

Exam administration to the endoscopists

Forty endoscopists of the Busan Ulsan Gyeongnam
Intestinal Study Group Society (BIGS) participated
in this study. Sixteen were experienced endoscopists
(experts) who had performed more than 1000
colonoscopies. The remaining 24 were endoscopic
training fellows (beginners) who had performed fewer
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Table 1 Characteristics of colon polyps visualized in the
exam

Table 2 Diagnostic accuracy and error range of the
estimation of colon polyp size

n (%)
Size

< 5 mm
5 ≥ and < 10 mm
≥ 10 mm
Sessile
Semi pedunculated
Pedunculated
LST
Rectum
Sigmoid colon
Descending colon
Transverse colon
Ascending colon
Cecum
TA with LGD
TA with HGD
Chronic colitis
Serrated polyp
Inflammatory polyp

Type

Location

Histology

19 (47.5)
12 (30.0)
9 (22.5)
23 (57.5)
8 (20.0)
5 (12.5)
4 (10.0)
3 (7.5)
8 (20.0)
7 (17.5)
9 (22.5)
11 (27.5)
2 (5.0)
27 (67.5)
3 (7.5)
6 (15.0)
3 (7.5)
1 (2.5)

Diagnostic accuracy
Beginners
Experts
Total
Error range (mm)
Beginners
Experts
Total

ICC

Visual
Forcep

0.887

0.9
0.840

0.804

0.8
0.7

0.761

0.743

0.693

0.6
0.5
0.4

Beginners (n = 24)

Experts (n = 16)

All (n = 40)

Figure 2 Inter-observer agreement for the visual estimation and forceps
estimation. ICC: Intra-class correlation coefficients.

two groups (visual estimation vs forceps estimation)
was analyzed by Wilcoxon-signed rank test. Statistical
analyses were performed using SPSS version 20.0
(IBM, Armonk, New York, United States).

RESULTS
The characteristics of the colon polyps visualized in
the exam are summarized in Table 1. The overall
ICCs of the inter-observer agreement for the forceps
estimation and the visual estimation were 0.804
(95%CI: 0.731-0.873, P < 0.001) and 0.743 (95%CI:
0.656-0.828, P < 0.001), respectively (Figure 2).
The ICCs of each group for forceps estimation were
higher than those for visual estimation. The ICCs of
the beginner group for the forceps estimation and the
visual estimation were 0.761 (95%CI: 0.676-0.842, P
< 0.001) and 0.693 (95%CI: 0.596-0.792, P < 0.001),

WJG|www.wjgnet.com

Forceps estimation

P value

0.613
0.680
0.639

0.734
0.784
0.754

< 0.001
< 0.001
< 0.001

1.68 ± 1.30
1.42 ± 1.11
1.48 ± 1.18

1.38 ± 1.08
1.12 ± 1.11
1.20 ± 1.10

< 0.001
< 0.001
< 0.001

respectively. The ICCs of the expert group for the
forceps estimation and the visual estimation were 0.887
(95%CI: 0.837-0.929, P < 0.001) and 0.840 (95%CI:
0.775-0.898, P < 0.001), respectively.
The overall diagnostic accuracy for the forceps
estimation and the visual estimation were 0.754 and
0.639, respectively (P < 0.001) (Table 2). In the
beginner group and the expert group, the diagnostic
accuracy for the forceps estimation was significantly
higher than that of the visual estimation (Beginner
group, 0.734 vs 0.613, P < 0.001; Expert group, 0.784
vs 0.680, P < 0.001, respectively). The diagnostic
accuracy for polyps ≤ 5 mm in size with the forceps
estimation was significantly higher than that with
visual estimation (P < 0.001). There were also
significant differences in diagnostic accuracy for polyps
≥ 6 mm, ≤ 9 mm and ≥ 10 mm in size (P < 0.001
and P = 0.018, respectively) (Table 3).
The overall error ranges for forceps estimation and
visual estimation were 1.20 ± 1.10 and 1.48 ± 1.18,
respectively (P < 0.001) (Table 2). The error ranges
of each group for forceps estimation were significantly
smaller than those for visual estimation (Beginner
group, 1.38 ± 1.08 vs 1.68 ± 1.30, P < 0.001;
Expert group, 1.12 ± 1.11 vs 1.42 ± 1.11, P < 0.001,
respectively). The error range for polyps ≤ 5 mm
in size with the forceps estimation was significantly
smaller than that with visual estimation (P < 0.001).
There were also significant differences in the error
range for polyps ≥ 6 mm, ≤ 9 mm and ≥ 10 mm in
size (P < 0.001 and P < 0.001, respectively) (Table 3).
We also evaluated the diagnostic accuracy
according to the colon polyp type. With the sessile
and lateral spreading tumor (LST) types, the
diagnostic accuracy of forceps estimation was higher
than that of visual estimation (P < 0.001 and P =
0.012, respectively). With semi-pedunculated and
pedunculated types, there was no significant difference
in the diagnostic accuracy between the forceps
estimation and the visual estimation (P = 0.344 and P
= 0.432, respectively) (Table 4).

LST: Lateral spreading tumor; TA: Tubular adenoma; LGD: Low grade
dysplasia; HGD: High grade dysplasia.

1

Visual estimation

DISCUSSION
In this study, a total of 40 endoscopists participated
in the exam. When analyzing the results of the exam,
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Table 3 Diagnostic accuracy and error range of the
estimation of colon polyp size according to the actual polyp
size

Table 4 Diagnostic accuracy of the estimation of colon polyp
size according to the polyp type
Visual estimation Forceps estimation P value

Visual estimation Forceps estimation P value
Diagnostic accuracy
≤ 5 mm
6-9 mm
≥ 10 mm
Error range (mm)
≤ 5 mm
6-9 mm
≥ 10 mm

0.834
0.508
0.403

0.929
0.692
0.469

< 0.001
< 0.001
0.018

0.90 ± 0.27
1.85 ± 0.82
2.71 ± 0.76

0.70 ± 0.17
1.30 ± 0.59
2.40 ± 0.67

< 0.001
< 0.001
< 0.001

Sessile type
Semi pedunculated type
Pedunculated type
LST type

0.818
0.703
0.638
0.757

< 0.001
0.344
0.432
0.012

LST: Lateral spreading tumor.

Our study also showed that the diagnostic
accuracy of the forceps estimation according to the
polyp size was significantly greater than that of the
visual estimation, and the error range of the forceps
estimation according to the polyp size was significantly
smaller than that of the visual estimation (Table 3).
These results indicate that the method using open
biopsy forceps can increase the accuracy of polyp size
measurement and decrease the error range of polyp
size measurement, regardless of polyp size.
In this study, there was no significant difference in
the diagnostic accuracy between the visual estimation
and the forceps estimation in semi-pedunculated
and pedunculated polyp types (Table 4). However, in
sessile and LST types, the diagnostic accuracy of the
forceps estimation was greater than that of the visual
estimation. Semi-pedunculated and pedunculated
polyp types are relatively difficult to measure using
open biopsy forceps, because these polyps tend to
dangle in vivo when attempting to measure. The
sessile and LST polyp types are mostly fixed in vivo;
therefore, it is relatively easy to measure the size of
these polyps using the open biopsy forceps.
This study has some limitations. First, the
estimation of diagnostic accuracy was based on
the size of colon polyps measured by graduated
catheters, but this method is not completely accurate
in estimating the actual size of colon polyps. In several
studies on colon polyp size, investigators considered
the ruler measurement of a removed polyp to be
[27,31,32]
the true size
. When measuring colon polyps,
it is important to consider that polypectomy using
electrocauterization may lead to shrinkage of the
polyp, and formalin fixation can also cause shrinkage
of the polyp. The graduated catheter cannot always be
aligned with the true diameter of the polyp, therefore
it may also cause an inaccurate estimation. But, we
tried to minimize this error by measuring the polyp
several times at various alignments. Additionally,
because we considered the answer to be correct if the
error was less than 1 mm, the results of our study
are believed to be quite reliable. Second, the distance
between the colonoscope tip and the polyp in the video
clips included 40 scenes visualizing the polyp without
open biopsy forceps was variable, and it could cause
the confusion of participants to estimate the size of
polyp. However, we tried to record the scenes showing
various distance from the colonoscope tip to the polyp

we assessed inter-observer differences, diagnostic
accuracy, and error ranges in the measurement of colon
polyp size using open biopsy forceps vs visualization.
Because a video clip provides a more realistic simulation
of an in vivo colonoscopic experience compared to a
photograph, we used video clips recorded from real
polyp size measurements in the exam.
In this study, the overall ICC value for the forceps
estimation was greater than 0.80, which indicates
an excellent inter-observer agreement. However,
the overall ICC value for the visual estimation was
less than 0.80, which represents a moderate interobserver agreement (Figure 2). ICC values for the
forceps estimation and the visual estimation in the
expert group were greater than 0.80. However, in the
beginner group, ICC values for the forceps estimation
and the visual estimation were less than 0.80. Our
results suggest that measuring polyp size using open
biopsy forceps is more consistent than by visual
estimation alone, and the cumulative experience of
the colonoscopic examinations affects the consistency
measuring the polyp size.
In our study, the overall diagnostic accuracy of
forceps estimation was better than that of visual
estimation (0.754 vs 0.639, P < 0.001, respectively).
The overall error range of forceps estimation was also
smaller than that of visual estimation (1.20 ± 1.10 vs
1.48 ± 1.18, P < 0.001, respectively) (Table 2). These
results indicate that the method using open biopsy
forceps helps increase the accuracy and decrease the
[26]
error range of polyp size measurement. Chang et al
reported that the overall diagnostic accuracy of visual
estimation was 0.59 before education and 0.81 after
education (using 30 educational video clips of visual
estimation of polyp size). In comparison with their
study, the value of the overall diagnostic accuracy of
the forceps estimation in our study was lower than
that of visual estimation after education in their study
(0.754 vs 0.81). However, this difference may not be
significant because the number of participants in our
study was much greater than that in their study (forty
vs twelve). Education in estimating the colon polyp size
by visualization may be a good method, but according
to the results of our study, it is favorable to use the
open biopsy forceps to measure the size of the polyp.
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2

in each video clip.
In conclusion, the application of the open biopsy
forceps method could help reduce inter-observer
differences and error rates when measuring colon
polyp size. Although using open biopsy forceps
can potentially result in an erroneous polyp size
measurement, as shown in our results, the interobserver agreement and the diagnostic accuracy
of forceps estimation were significantly higher than
those of visual estimation. In case of the polyp which
is needed to be removed by endoscopic mucosal
resection (EMR), the measurement of the polyp size by
forceps estimation before removing the polyp by EMR
is maybe tedious and more time consuming than visual
estimation alone. However, because this additional
step helps to increase the diagnostic accuracy and
inter-observer agreement when measuring the polyp
size, we propose that forceps estimation should be
considered to measure the colon polyp size before
removing the polyp.
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biopsy forceps. Visual estimation is the measurement of colon polyp size by
visualization.

16

Peer-review

17

The authors of this paper assessed the usefulness of forceps to measure the
size of colon polyp, and showed that the application of the open biopsy forceps
method could help reduce inter-observer differences and error rates when
measuring colon polyp size. These results suggest that forceps estimation is
more useful than visual estimation in the measurement of the colon polyp size.
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Abstract
AIM: To investigate Fusobacterium nucleatum (F.
nucleatum ) abundance in colorectal cancer (CRC)

Institutional review board statement: The study was reviewed
and approved by the Guangzhou First People’s Hospital
Institutional Review Board.

tissues and its association with CRC invasiveness in
Chinese patients.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: The resected cancer and adjacent
normal tissues (10 cm beyond cancer margins) from
101 consecutive patients with CRC were collected.
Fluorescent quantitative polymerase chain reaction
(FQ-PCR) was applied to detect F. nucleatum in CRC
and normal tissues. The difference of F. nucleatum
abundance between cancer and normal tissues and
the relationship of F. nucleatum abundance with
clinical variables were evaluated. Fluorescence in situ
hybridization (FISH) analysis was performed on 22 CRC
tissues with the highest F. nucleatum abundance by
FQ-PCR testing to confirm FQ-PCR results.
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licenses/by-nc/4.0/

RESULTS: The median abundance of F. nucleatum in
CRC tissues [0.242 (0.178-0.276)] was significantly
higher than that in normal controls [0.050 (0.023-0.067)]
(P < 0.001). F. nucleatum was over-represented in
88/101 (87.1%) CRC samples. The abundance of F.
nucleatum determined by 2-ΔCT was significantly greater
in tumor samples [0.242 (0.178, 0.276)] than in normal
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controls [0.050 (0.023, 0.067)] (P < 0.001). The
frequency of patients with lymph node metastases was
higher in the over-abundance group [52/88 (59.1%)]
than in the under-abundance group [0/13 (0%)] (P <
0.005). No significant association of F. nucleatum with
other clinico-pathological variables was observed (P >
0.05). FISH analysis also found more F. nucleatum in
th
CRC than in normal tissues (median number 6, 25 3,
th
th
th
75 10 vs 2, 25 1, 75 5) (P < 0.01).

CRC.
Fusobacterium nucleatum (F. nucleatum) is an
anaerobic oral commensal. Besides periodontal
disease, it has been documented to be involved in a
wide spectrum of disorders, including gastrointestinal
diseases, respiratory tract infections, cardiovascular
diseases, rheumatoid arthritis, Lemierre’s syndrome,
[5]
and Alzheimer’s disease . Currently, accumulating
evidence has indicated that a larger number of
Fusobacterium spp., especially F. nucleatum, is present
in tumor tissues and stool samples of CRC patients
versus normal controls. A limited number of studies
have suggested a positive association of F. nucleatum
with CRC invasiveness, e.g., lymph node metastasis,
[6,7]
but the finding has not been confirmed . In the
present study, we applied fluorescent quantitative
polymerase chain reaction (FQ-PCR) and fluorescence
in situ hybridization (FISH) to observe the presence of
F. nucleatum in CRC tissues and to explore the clinical
correlation of F. nucleatum to CRC invasiveness in
Chinese patients.

CONCLUSION: F. nucleatum was enriched in CRC
tissues and associated with CRC development and
metastasis.
Key words: Colorectal cancer; Fusobacterium nucleatum ;
Metastases; Fluorescent quantitative polymerase chain
reaction; Fluorescence in situ hybridization
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we demonstrated that Fuso
bacterium nucleatum (F. nucleatum ) was significantly

enriched in resected colorectal cancer (CRC) compared
with adjacent normal tissues. F. nucleatum infection
was associated with CRC development and metastasis.
Our results were consistent with two previous reports.
To our knowledge, this is the first report on the
relationship between F. nucleatum and CRC in Chinese
patients.

MATERIALS AND METHODS
Patients

In total, 101 consecutive patients with histologically
confirmed colorectal adenocarcinoma (males 55 and
females 46, age range 36-82 years) undergoing
surgical resections at the Department of General
Surgery of Guangzhou First People’s Hospital between
November 2012 and November 2013 were recruited.
The patients who had colorectal tumors other than
adenocarcinoma, who received chemotherapy or
radiotherapy before operation, and who had comorbid
malignancies from other organs were excluded.
Fresh CRC and adjacent non-tumor tissues (10 cm
beyond cancer margins) from each subject were
collected. Samples were snap frozen in liquid nitrogen
and then stored at -80 ℃ until use. Samples for
histological and FISH examination were fixed in 10%
formalin and embedded in paraffin. The stages of
CRC were assigned according to TNM and Dukes
[8]
grades . All 101 patients were enrolled into the FQPCR study, among which 22 patients with the highest
F. nucleatum abundance by FQ-PCR testing were
included in microbial FISH examination.
The study protocols complied with the Declaration
of Helsinki and were approved by the ethics committee
of Guangzhou First People’s Hospital affiliated to
Guangzhou Medical University. Written consent was
obtained from each participant.

Li YY, Ge QX, Cao J, Zhou YJ, Du YL, Shen B, Wan YJY, Nie
YQ. Association of Fusobacterium nucleatum infection with
colorectal cancer in Chinese patients. World J Gastroenterol
2016; 22(11): 3227-3233 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i11/3227.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i11.3227

INTRODUCTION
Colorectal cancer (CRC) ranks as the third most
common cancer and the second most common cause
[1]
of cancer-related mortality worldwide . The etiology
of CRC is still not fully understood. As a huge number
of microbial communities are continuously colonized
in the gut, some harmful microbiota may play roles
[2,3]
in the development of CRC . Likewise, the link of
some pathogens to cancers, e.g., Helicobacter pylori
to gastric cancer, human papilloma virus to cervical
cancer, and hepatitis B and C virus to hepatocellular
carcinoma, has been completely established. These
[4]
infections are in charge of 18% of cancers . Although
the precise mechanisms of the carcinogenesis remain
unclear, it is rational to reduce the risk of these cancers
by targeting the pathogens. Efforts have been made
to explore the possible pathogens involved in CRC
development. Once they are identified, it would lead
to a breakthrough in the prevention and treatment of

WJG|www.wjgnet.com

Taqman probe-based qPCR assay

Taqman probe-based qPCR was performed on
Stepone Plus Real-Time PCR System (Applied
Biosystems, Carlsbad, CA, United States) to
determine F. nucleatum levels in both cancer and
matched normal tissues. Levels of 18s rRNA gene
in F. nucleatum and internal control were measured
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simultaneously from the same DNA preparation. DNA
was isolated with QIAamp DNA Mini Kit (QIAGEN,
Hilden, Germany). The primer and probe sequences
[9-11]
for F. nucleatum were as follows
: Forward
primer, 5’-CAACCATTACTTTAACTCTACCATGTTCA-3’;
Reverse primer, 5’-GTTGACTTTACAGAAGGA
GATTATGTAAAAATC-3’, Probe, 5’FAM-GTTGACTTT
ACAGAAGGAGATTATGTAAAAATC-TAMRA3’. F.
nucleatum probes and primers were synthesized by
Life Technologies Company (Carlsbad, CA, United
States). Ten microliters of reaction mixture for
detection of F. nucleatum consisted of 20 ng template
DNA, 400 nmol/L of primer set, 400 nmol/L of probe,
®
and 5 μL TaqMan Universal PCR Master Mix II (Applied
Biosystems). The reaction conditions were 10 min at
95 ℃, 40 cycles of 15 s at 95 ℃, and 1 min at 60 ℃.
Standard strain of F. nucleatum (ATCC10953) and
of Escherichia coli (ATCC8739) provided by Microbial
Culture Collection Center of Guangdong Institute
of Microbiology, China was used as positive and
negative controls, respectively. Taqman Ribosomal
RNA Control Reagents, including primers and probes
(Applied Biosystems) were used to quantify the
human endogenous 18s rRNA gene according to the
manufacturer’s instructions. Amplicons of F. nucleatum
and 18 s rRNA gene were cloned into pMD 18-T
Vector (Takara Biotechnology Co. Ltd, Dalian, China)
according to the kit protocol and then over-expressed
in Escherichia coli-Trans5α (Dongsheng Biotech Co. Ltd,
China). Standard curves were constructed with serial
10-fold dilutions of recombinant plasmids. In order
to effectively normalize the qPCR data to tissue size,
-ΔCT
F. nucleatum levels were given as 2 , and the fold
changes of F. nucleatum abundance in cancer tissue
over matched normal colorectal tissue were calculated
-ΔΔCT[6,7]
as 2
. The relation of F. nucleatum infection to
the clinical variables (gender, age, histological type,
Dukes stage, location, and lymph node metastasis)
was evaluated.

Germany), and the number of F. nucleatum was
counted. Five random × 40 fields were chosen for
evaluation by two pathologists blind to tumor/normal
status. The selection criteria of mucosal tissue depth
were used, and a minimum of five bacteria visualized
by the EUB338 probe per field was required.

Statistical analysis

All statistical analyses were performed using the
SPSS 17.0 software package for Windows (SPSS Inc.
Chicago, IL, United States). Continuous data were
th
th
expressed as median (25 percentile, 75 percentile)
and examined by the Wilcoxon rank sum test of
independent or paired samples. Categorical variables
2
were analyzed with χ test or McNemar test. Bonferroni
corrections were applied for multiple comparisons. A
P value < 0.05 (two tails) was considered statistically
significant.

RESULTS
FQ-PCR assay

According to the standard curves, the amplification
efficacy of F. nucleatum and 18 s rRNA gene was
99.05% and 94.56%, respectively. Compared with
the matched normal tissues, F. nucleatum load
was significantly over-represented in 88 out of 101
(87.13%) CRC samples (Figure 1). The median
-ΔΔCT
abundance of F. nucleatum determined by 2
was
significantly greater in the tumor samples [0.242
(0.178, 0.276)] than that in the matched normal
controls [0.050 (0.023, 0.067)] (P < 0.001).

Association of F. nucleatum infection with
clinicopathologic features of CRC patients

The association of between the clinicopathologic
variables of patients and F. nucleatum infection is
summarized in Table 1. In total, 52 out of 101 (51.5%)
CRC patients had regional lymph node metastases.
-ΔΔCT
F. nucleatum level, expressed as fold changes (2
,
cancer versus normal, in the lymph node metastases
group [1538.05 (479.21, 2643.12)] was significantly
higher than that [212.87 (37.25, 257.37)] in the
non-metastases group (P < 0.005). Lymph node
metastases were present in 52 out of 88 (59.1%)
patients with F. nucleatum over-abundance (fold
changes > 1), and in 0 out of 13 (0%) patients with
F. nucleatum under-abundance (fold change < 1) (P
< 0.005). No significant association of F. nucleatum
infection with other clinicopathological variables,
e.g., patient’s gender, age, cancer stages, location,
infiltration depth, and pathological differentiation, was
observed (P > 0.05) (Table 1).

FISH analysis

FISH was performed with FISH pharmDx kit (Abbott
Vysis Laboratories, Abbott Park, IL, United States) on
22 pair sections of CRC and matched non-cancerous
tissues, which were formalin-fixed and paraffinembedded. Cell nuclei were stained with DAPI. An
Oregon-Green 488-conjugated ‘‘universal bacterial’’
probe (EUB338, pB-00159, green) binding 16s rRNA
gene at bacterial conserved regions and a Cy3conjugated Fusobacterium probe (FUSO, pB-0078,
red) binding 16s rRNA gene at Fusobacterium specific
regions were applied. The sequences of the probes
were referred to probeBase (http://www.microbial[12,13]
ecology.net/probebase/)
. Probe hybridization
was performed at the following conditions: probe
concentration 10 µL (5 ng/µL), denaturation at 75 ℃
for 5 min and hybridization at 37 ℃ for 18 h. Slides
were imaged on a microscope (Carl Zeiss, Oberkochen,
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FISH detection

F. nucleatum was determined in 22 paired specimens
of CRC and matched non-cancerous controls by FISH.
F. nucleatum stained with FUSO probe (in red) was
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Figure 1 Fold change of Fusobacterium nucleatum abundance in colorectal cancer vs matched normal tissues (n = 101). 2-ΔΔCT represented the fold change
of Fusobacterium nucleatum load in cancer tissue over matched normal tissues. The numbers in Y-axis indicated the 2-ΔΔCT value of each patient.

been believed that the dysbiosis in the gut results
in a variety of colorectal diseases, including CRC,
[14-17]
but no specific bacterium has been confirmed
.
Recently, sequence-based investigations have provided
us much valuable information in this field. In 2012,
two North American studies published in Genome
Research declared that a periodontal pathogen, i.e.,
F. nucleatum, was overabundant in CRC tissues.
Using a whole-genome sequencing technique, Kostic
[18]
et al
identified the enrichment of DNA sequences
of Fusobacterium spp. in CRC compared with control
samples. Among them, F. nucleatum was the
most dominant phylotype. Using RNA-sequencing
[7]
approaches, Castellarin et al also observed a large
amount of Fusobacterium spp. in CRC versus normal
tissues. In addition, they found a positive association
of F. nucleatum over-abundance with lymph node
metastasis. Afterwards, several studies confirmed
[3,6,19,20]
overload of F. nucleatum in CRC tissues
.
Currently, two studies revealed F. nucleatum to
be a poor prognostic factor of CRC patients. Using
molecular pathological epidemiology database of 1069
[21]
CRC patients, Mima et al
revealed a link between
high F. nucleatum DNA load in CRC tissue and
[6]
shorter survival of patients. Flanagan et al found a
significantly longer survival time in CRC patients with
low F. nucleatum levels than those with moderate and
high levels.
A persuasive interpretation of the above data
is an important issue. Firstly, is F. nucleatum a
cause or a consequence of CRC? So far, increasing
evidence is in favor of the “cause” hypothesis,
as emerging data have demonstrated that F.
nucleatum at first induced precancerous lesions (e.g.,
hyperplastic polyps and adenomas), which eventually
[6,10,22,23]
progressed to CRC
. In addition, a number
of pathogenetic studies supported the carcinogenic
roles of F. nucleatum. As the mucosa adherent
bacteria, F. nucleatum had ability to adhere to and
[7,23-26]
invade epithelial cell
. F. nucleatum shuttled
non-invasive bacteria, in particular Campylobacter
spp. and Streptococcus into the host cell as mixed

Table 1 Association of Fusobacterium nucleatum infection
with clinicopathologic variables (n = 101)
n
Gender
Male
Female
Age (yr)
< 65
≥ 65
Location of CRC
Rectum
Colon
Differentiation
Moderately and high
Low
Tissue infiltration
T1 + T2
T3 + T4
Lymph node metastasis
N0
N1 + N2
Duke stages
A
B
C
D

Cancer/normal tissue
P value
-ΔΔCT
fold changes [2
(Median)]

55
46

1029.19 (418.27, 6517.82)
7348.74 (529.05, 8827.37)

0.539

52
49

1100.68 (671.32, 5624.36)
677.03 (502.86, 4946.93)

0.375

59
42

1045.11 (824.66, 7567.37)
6844.72 (1735.91, 8141.03)

0.456

59
42

524.95 (345.19, 2341.54)
1158.67 (432.61, 1988.30)

0.412

25
76

1029.20 (213.76, 1365.41)
837.89 (196,36, 2679.33)

0.676

49
52

212.87 (37.25, 257.37)
1538.05 (479.21, 2643.12)

0.005

12
36
46
7

739.50 (132.24, 1615.65)
837.46 (264.33, 1489.65)
1132.31 (289.73, 1688.72)
1356.05 (311.03, 2321.73)

0.368

found to be enriched within the colonic mucosa of CRC
th
th
(median number 6, 25 3, 75 10) compared to the
th
th
normal control tissues (median number 2, 25 1, 75 5)
(Figure 2) (P < 0.01).

DISCUSSION
The human gastrointestinal lumen is harbored by
more than 1000 species of microorganisms, which
bring about beneficial and deleterious effects on the
host. High abundance of Enterococcus, Escherichia/
Shigella, Klebsiella, Streptococcus, Peptostreptococcus,
Bacteroides-Prevotella, and low abundance of Lachnospiraceae/Roseburia, clostridia have been found
in the gut compartment of CRC patients compared
[14-17]
with normal controls
. For a long time, it has
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A

B

C

D

Figure 2 Enrichment of Fusobacterium nucleatum in colorectal cancer detected by FISH. Graph A: Colorectal cancer (CRC) specimen stained with DAPI. Cell
nuclei were stained in blue; B: CRC specimen stained with both DAPI and universal bacterial probe (EUB338). Bacterial conserved regions were stained in green; C:
CRC specimen stained with both DAPI and Fusobacterium specific probe (FUSO). The Fusobacterium nucleatum (F. nucleatum) specific regions were stained in red;
D: CRC specimen triply stained with DAPI, EUSO and EUB338. Cell nuclei (in blue), bacterial conserved regions (in green) and F. nucleatum specific regions (in red)
were clearly visible (all × 400).
[27]

species synergism . By binding to E-cadherin on
the epithelial cell, F. nucleatum stimulated FadA,
which activated β-catenin signaling pathways and
[17]
up-regulated oncogene expression . F. nucleatum
induced inflammation by releasing RNA into the
[17]
host cell and activating nuclear factor kappa B .
F. nucleatum increases cytokines, in particular
[20]
tumor necrosis factor-α and interleukin (IL)-10 . F.
nucleatum induced a number of pathogenesis-related
events, including CpG island methylator phenotype
(CIMP), microsatellite instability (MSI), and genetic
[28]
mutations in BRAF, KRAS, TP53, CHD7, and CHD8 .
F. nucleatum reduced CD3+ T cell density in CRC
[29]
tissues . F. nucleatum regulated the tumor immune
microenvironment through E-cadherin/β-catenin
[30]
signaling . Secondly, are gut microbiota other than
F. nucleatum also enriched in CRC tissues and do they
enhance CRC invasiveness? In our ongoing study,
the five most suspected bacteria related to CRC in
[14-17,31]
literature
were quantified in the same CRC
population. F. nucleatum, Enterotoxigenic Bacteroides
fragilis (ETBF), and Enterococcus faecalis (E. faecalis)
were significantly enriched in CRC compared to the
matched non-cancerous tissues, while no difference
were found in enteropathogenic Escherichia coli
and Streptococcus gallolyticus (S. gallolyticus). The
positive rate of F. nucleatum overload (87.13%) was
much higher than those of ETBF (61.67%) and E.
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faecalis (55.04%) (unpublished data). Our study was
consistent with a recent cohort enrolling six bacteria,
which demonstrated that F. nucleatum was the only
bacterium significantly overabundant in CRC compared
with normal tissues, and F. nucleatum and ETBF were
associated with the clinicopathological features of
[31]
patients . Based on above observations, we infer
that F. nucelatum is specifically enriched in CRC and
enhances CRC invasiveness.
Recently, the emerging science of molecular path
ways has shed light on the pathogenesis of CRC.
MSI, chromosomal instability, and CIMP are common
genetic changes, while microRNAs, DNA methylation,
and histone modifications are analyzed in epigenesis.
Interactions between genetic and epigenetic factors are
[32-34]
involved in the carcinogenesis of F. nucleatums
.
Environmental risk factors, e.g., changes in diet
and lifestyle, may affect nuclear receptors on the
gut microbiota and induce carcinogenesis through
[35]
molecular pathways . Furthermore, molecular
pathological epidemiology (MPE), a multidisciplinary
investigation into the relationship among genetic
factors, molecular signatures, and disease progression,
provides insights into the pathogenetic process as well
[35-37]
as therapeutic optimization
. Using a MPE database
[21]
of 1069 CRC patients, Mima et al
successfully
uncovered the association of F. nucleatum DNA load
with the prognosis of patients.
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There are a few limitations of this study. Firstly,
we have not used the innovative concept of molecular
sciences to design the study. Secondly, we have not
included more intestinal bacterial species in addition to
F. nucleatum. On the whole, our results still reflected
the main features in Chinese people. Further larger
studies are needed to examine these findings.
In conclusion, our results demonstrated that
F. nucleatum was enriched in CRC tissue, and F.
nucleatum abundance was positively associated with
lymph node metastasis of CRC patients. There were no
geographical and ethnic differences in the association.
To our knowledge, this is the first report of its kind in
Chinese patients.

5
6

7

8
9
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Abstract
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AIM: To evaluate short-term outcomes following
intraoperative biliary lavage for hepatolithiasis.

Institutional review board statement: This study is retrospective,
it was approved by the review board of West China Hospital.

METHODS: A total of 932 patients who were admitted
to the West China Medical Center of Sichuan University
between January 2010 and January 2014 and
underwent bile duct exploration and lithotomy were
retrospectively included in our study. The patients were
divided into the lavage group and the control group.
Related pre-, intra-, and postoperative factors were
recorded, analyzed, and compared between the two
groups in order to verify the effects of biliary lavage on
the short-term outcome of patients with hepatolithiasis.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: There are no conflicts of
interest to report.
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
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Amongst the patients who were included,
678 patients with hepatolithiasis were included in
the lavage group, and the other 254 patients were
enrolled in the control group. Data analyses revealed
that preoperative baseline and related intraoperative
variables were not significantly different. However,
patients who underwent intraoperative biliary lavage
had prolonged postoperative hospital stays (6.67
d vs 7.82 d, P = 0.024), higher hospitalization fees
(RMB 28437.1 vs RMB 32264.2, P = 0.043), higher
positive rates of bacterial cultures from blood (13.3%
vs 25.8%, P = 0.001) and bile (23.6% vs 40.7%, P
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= 0.001) samples, and increased usage of advanced
antibiotics (26.3% vs 38.2%, P = 0.001). In addition, in
the lavage group, more patients had fever (> 37.5 ℃,
81.4% vs 91.1%, P = 0.001) and hyperthermia (>
38.5℃，39.7% vs 54.9%, P = 0.001), and higher
white blood cell counts within 7 d after the operation
compared to the control group.

lithotomy, the most important treatment procedures are
hepatectomy and intraoperative choledochofiberscopy
[8-10]
combined with basket stone extraction
. In addition,
some other passages to access biliary are commonly
adopted, such as, combined endoscopic retrograde
cholangiopancreatography (ERCP) with endoscopic
sphincterotomy (EST), percutaneous transhepatic
cholangioscopy (PTCS), and hepatocutaneous
[2,11-13]
jejunostomy
. Similarly, biliary lavage is also a
commonly used method for stone extraction. Many
surgeons or endoscopists perform biliary lavage at
a certain pressure in order to remove minuscule or
uncaptured stones and to loosen entrapped stones for
easier extraction. In contrast, choledochofiberscopy
combined with basket stone extraction enables the
removal of only one stone at a time; hence, biliary
lavage is a more convenient extraction method, and this
has led to its widespread application.
Intraoperative biliary lavage is a commonly used,
simple, and effective procedure for the extraction
of intrahepatic stones. However, few investigators
have noted the potential risks associated with this
method. Since Jan 2010, our team has noticed and
suspected that intraoperative biliary lavage may
increase postoperative infective complications. We
avoided employing intraoperative lavage since then,
while the other surgeons have continued to perform
this procedure. We collected and analyzed the data,
and the aim of this retrospective study was to evaluate
the risks and short-term patient outcomes following
intraoperative biliary lavage.

CONCLUSION: Intraoperative biliary lavage might
increase the risk of postoperative infection, while not
significantly increasing gallstone removal rate.
Key words: Hepatolithiasis; Biliary lavage; Postoperative
infection
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatolithiasis remains a prevalent disease in
Asia-Pacific regions, and the most important treatment
procedures are hepatectomy and intraoperative
choledochofiberscopy combined with basket stone
extraction Intraoperative biliary lavage is also a
commonly used, simple, and effective procedure for
the extraction of intrahepatic stones. However, few
investigators have noted the potential risks associated
with this method. In this study, we collected and
analyzed the data, and the aim of this retrospective
study was to evaluate the risks and short-term patient
outcomes following intraoperative biliary lavage.
Jiang O, Zhou RX, Yang K, Cai CX, Liu Y, Cheng NS. Negative
short-term impact of intraoperative biliary lavage in patients with
hepatolithiasis. World J Gastroenterol 2016; 22(11): 3234-3241
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i11/3234.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3234

MATERIALS AND METHODS
All patients with hepatolithiasis who were admitted to
the West China Hospital of Sichuan University between
January 2010 and January 2014 were retrospectively
included in the study. This study was approved by the
review board of West China Hospital.
Patients were assigned to either the lavage group
or the control group based on whether or not they had
received intraoperative biliary lavage. Patients who had
undergone emergency surgery or who had presented
with acute preoperative suppurative cholangitis
or other infections with evidence of fever (axillary
temperature > 37.5 ℃) were excluded.
In our hospital, EST was the primary treatment
choice for extrahepatic bile stones, while all
intrahepatic bile stone patients were resolved by
surgical procedure. PTCS was implemented recently,
and patients who underwent PTCS were not included
in this study. All surgical procedures were performed
by a total of six surgeons. All the surgeons were
engaged in hepatobiliary surgery for more than 10
years, therefore, there were no significant gaps in
surgical technique or management among them.
Medical histories were obtained from all patients; in
addition, all patients underwent physical examinations
followed by preoperative liver and kidney function

INTRODUCTION
Despite its rarity in Western countries, hepatolithiasis
[1-3]
remains a prevalent disease in Asia-Pacific regions .
As an important component of primary stones,
intrahepatic stones associated with hepatolithiasis are
[4]
frequently pigment or mixed stones . Intrahepatic
stones can cause recurring episodes of localized
proliferative cholangitis, possibly leading to ductal
wall thickening and biliary stricture or obstruction.
This can also be accompanied by irregular distal
dilatation, which might influence biliary fluid dynamics.
In addition, the role of infections should also be
[2,3,5]
considered
. Taken together, the proliferation of the
stones may result in a vicious cycle, eventually leading
to hepatic abscesses, atrophy, cirrhosis, or even
[4-6]
cholangiocarcinoma .
The current treatment for hepatolithiasis inclu
des gallstone extraction, removal of affected seg
ments, elimination of strictures, and prevention of
[3,4,7-10]
recurrence
. In conventional bile duct exploration and

WJG|www.wjgnet.com

3235

March 21, 2016|Volume 22|Issue 11|

Jiang O et al . Intraoperative biliary lavage for hepatolithiasis
wall. Six weeks after surgery, lithotomy was performed
repeatedly by T tube sinus with choledochoscope for
those patients with incomplete stone removal.
Cephalosporin administration did not exceed 72 h
following surgery, unless the patient had an infection
or was clearly at risk of infection. Axillary temperature
was measured 2-4 times daily after the operation,
and the highest daily temperature was recorded
and analyzed. If the patient’s axillary temperature
exceeded 38.5 ℃ , one or more biological samples,
including peripheral venous blood, bile, sputum, and
peritoneal fluid, were collected for bacterial culture.
Antibiotic administration was then adjusted based on
the results of the culture. If antibiotics were ineffective,
the medication was adjusted further based on the
results of the bacterial culture. Routine blood tests and
liver function tests were performed on day 1, 3 and
7 after the operation, and bile samples for bacterial
culture were collected from the T-tube on postoperative
days 1-3. Other surgery-related complications were
also recorded and analyzed.
Related preoperative, intraoperative, and post
operative factors were recorded, analyzed, and
compared between the lavage and control groups; the
effects of biliary lavage on postoperative short-term
patient outcomes were then analyzed and compared.

1035 hepatolithiasis
patients

103 patients
excluded

932 patients
enrolled

678 patients
enrolled in
Lavage group

254 patients
enrolled in
Control group

Figure 1 Schematic of patient inclusion in the study.

tests, routine blood tests, electrocardiography, chest
radiography, and other tests. B-mode ultrasound
and magnetic resonance cholangiopancreatography
or computed tomography as well as intraoperative
choledochofiberscopy were performed to assess
comprehensively the location of the gallstones and to
determine pathological changes in the liver and biliary
strictures.
Intraoperative biliary lavage involved inserting
an 8-14F catheter into the intrahepatic bile duct
neighboring the stones, attaching a 20 mL hollow
needle to the catheter, and rinsing the intrahepatic bile
duct by rapid expulsion of physiological saline in about
2 s. The stones were discharged with the rapid outflow
stream. The pressure of lavage was not detected
directly, while it was much higher than the normal
pressure of the bile duct (8-10 cm H2O).
Thirty minutes before abdominal incision, 2 g of
first-generation or second-generation cephalosporin
was routinely administered intravenously. Cephalosporin
administration was also repeated every 3 h during the
operating time or when blood loss exceeded 1000 mL.
All patients were under general anesthesia, and the
surgery approach, including open or laparoscope, was
decided by the chief surgeon according to the condition
of each patient. We opened and explored the common
bile duct while biliary endoscopy and lithotomy were
routinely performed through CBD. Patients in the lavage
group received one or repeated intraoperative biliary
lavage, while the control group patients did not. We
would remove all stones intraoperatively through the
common bile duct unless the lithotomy procedure led to
hemobilia. Bile samples were collected after opening the
bile duct for bacterial culture. For patients with unilateral
hepatolithiasis or with accompanying liver atrophy, liver
resection was also performed during surgery unless
the patients refused. After completing the lithotomy,
T-tube and peritoneal drainage catheter placement
was performed routinely before closing the abdominal
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Statistical analysis

SPSS version 19.0 (SPSS Inc., Chicago, IL, United
States) was used for all analyses. Results are
presented as mean ± SE of the mean. The t or U tests
were applied to continuous variables, while binary
2
categorical variables were assessed using the χ test.
Two-sided P value less than 0.05 was considered
statistically significant.

RESULTS
Between January 2010 and January 2014, a total of
1035 patients with hepatolithiasis were included in the
study. After applying the exclusion criteria, 932 patients
were included in the study, including 261 men and 662
women (Figure 1). As our hospital is a regional center
for intensive care, the patients admitted to our hospital
typically had serious conditions. Among the patients
included in our study, 44% had histories of single or
multiple bile duct exploration or lithotomy, and 10%
of these patients had received partial liver resection.
In 298 patients, the stones were located on both the
right and left sides of the liver and the extrahepatic
bile duct. In 134 patients, the stones were located
bilaterally in the liver only. In 275 patients, the stones
were located either on the left or right side of the
liver, as well as in the extrahepatic bile duct. For the
remaining 225 patients, the stones were located either
on the left or right side of the liver only.
Two patients in our study died: one due to severe
abdominal infection and the other due to hemorrhagic
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Table 1 Preoperative variables of patients in the control and
lavage groups n (%)

Age (yr)
Gender (M:F)
Pulmonary disease
Hypertension
Diabetes mellitus
Past history of biliary
tract surgery
Past history of
cholangioenterostomy
Past history of liver
resection
Stone location
Right
Left
Extra
Total bilirubin
ALB (g/L)
WBC (× 109/L)
AST (U/L)
ALT (U/L)

Control group
(n = 254)

Lavage group
(n = 678)

P value

55.96 ± 13.48
81:173
45 (17.7)
25 (9.8)
11 (4.3)
119 (46.9)

50.81 ± 10.91
180:498
154 (22.7)
63 (9.3)
27 (3.9)
287 (42.3)

0.223
0.119
0.106
0.803
0.853
0.235

11 (4.3)

15 (2.2)

0.115

23 (9.1)

72 (10.6)

0.713

159 (62.5)
215 (84.6)
158 (62.2)
15.8 ± 10.42
40.31 ± 3.45
5.61 ± 2.02
39.6 ± 45.12
38.76 ± 54.37

395 (58.3)
577 (85.1)
406 (59.8)
18.3 ± 24.33
39.45 ± 6.92
6.05 ± 4.7
53.51 ± 61.38
64.61 ± 76.79

Table 3 Postoperative variables of patients in the control and
lavage groups n (%)
Control group
(n = 254)
Death
Cost
Postoperative hospital
stay (d)
Fever (> 37.5 ℃)
High fever (> 38.5 ℃)
Antibiotic upregulation
Blood bacterial culture
positive
Bile bacterial culture
positive
Cholangitis
Pulmonary infection
Abdominal infection
Bile leakage
Complications
Grade Ⅰ
Grade Ⅱ
Grade Ⅲ
Grade Ⅳ

0.892

0.110
0.197
0.462
0.155
0.306

Data for age and levels of total bilirubin, ALB, WBC, AST, and ALT are
presented as the mean ± SD. ALB: Albumin; WBC: White blood cells; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase.

Operation time (min)
Surgical approach
Open
Laparoscopy
Blood loss (mL)
Combined liver resection
Cirrhosis
Liver atrophy
Biliary stricture
Biliary distal dilatation
Cholangioenterostomy
Complete stone remove
Bile bacterial culture
positive

Lavage group
(n = 678)

P value

124.2 ± 48.1

100.1 ± 51.9

0.036
0.128

233 (91.4)
21 (8.6)
235.3 ± 358.2
137 (53.9)
71 (27.9)
97 (38.2)
23 (9.1)
118 (46.4)
8 (3.1)
207 (81.5)
15 (5.9)

641 (94.5)
37 (5.5)
241.6 ± 256.9
355 (52.4)
229 (33.8)
282 (41.6)
92 (13.6)
294 (43.4)
15 (2.2)
523 (77.1)
38 (5.6)

0.471
0.043
0.024

207 (81.4)
101 (39.8)
67 (26.3)

618 (91.2)
372 (54.9)
259 (38.2)

0.001
0.001
0.001

34 (13.4)

175 (25.8)

0.001

60 (23.6)

276 (40.1)

0.001

51 (20.1)
5 (1.9)
12 (4.7)
8 (3.1)

238 (35.1)
22 (3.2)
59 (8.7)
33 (4.8)

0.001
0.383
0.051
0.287

69 (27.1)
87 (34.2)
7 (2.8)
2 (0.8)

174 (25.7)
305 (45.0)
16 (2.3)
3 (0.4)

0.250

other related variables were not significantly different
between the two groups, while the operation time of
the control group was slightly longer than the lavage
group.
Table 3 shows a comparison of postoperative
variables between the two groups. Compared to the
control group, the lavage group had a longer average
length of hospital stay, increased hospitalization
fees, and increased risk of postoperative fever and
hyperthermia, as well as an increased probability of
positive blood and bile bacterial cultures. The number
of patients who required stronger antibiotic was
also higher in the lavage group. The peak axillary
temperature on day 1 to day 4 after surgery was also
significantly higher in the lavage group compared to
the control group. In addition, white blood cell counts
during the first 7 d after surgery were significantly
higher in the lavage group than that in the control
group (Figure 2). However, the incidence of other
surgery-related complications, such as bile leakage
and lung infections, was not significantly different
between the two groups. Furthermore, although the
probability of abdominal infection was higher in the
lavage group compared to the control group, this
difference was not statistically significant. Moreover,
there was no significant difference between the two
groups with regard to stone clearance rate, which is
an important prognostic factor for hepatolithiasis; this
was likely because of the use of choledochofiberscopy
intraoperatively and postoperatively.
The results of postoperative bacterial culture using
blood and bile samples revealed that 545 colonies of

0.918
0.713
0.098
0.369
0.113
0.416
0.491
0.249
0.874

Data for operation time and blood loss are presented as the mean ± SD.

shock.
In all, 678 patients were included in the lavage
group and 254 patients in the control group. There
were no statistically significant differences between
the two groups with regard to age, gender, comorbid
diseases, gallstone location, past history of bile duct
exploration, liver resection, and cholangioenterostomy,
and laboratory serological test results (Table 1).
The intraoperative variables of the two groups
are outlined in Table 2. Blood loss, presence of
liver atrophy and biliary stricture, addition of liver
resection, cholangioenterostomy during surgery, and
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1
1
RMB
RMB
28437.1 ± 8530.5 32264.2 ± 11893.2
6.67 ± 3.78
7.82 ± 4.34

P value

Data for cost and postoperative hospital stay are presented as the mean ± SD.

Table 2 Intraoperative variables of patients in the control
and lavage groups n (%)
Control group
(n = 254)

Lavage group
(n = 678)
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A

WBC

Control group
Wash group

a

30

P < 0.05

10

  1

2

3
4
5
Days after surgery

6

Temperature (℃)

9

WBC (× 10 /L)

a

P < 0.05

39

a

a

a

38

37

36

7

Control group
Wash group
a

a

20

0

Temperature

40

a

a

0

B

0

  1

2

3
4
5
Days after surgery

6

7

Figure 2 Body temperature and white blood cell curves. WBC: White blood cell.

Table 4 Species isolated in postoperative bacterial cultures n (%)
Blood

Bile

Control group
(n = 254)

Lavage group
(n = 678)

P value

Control group
(n = 254)

Lavage group
(n = 678)

P value

11 (4.3)
9 (3.5)
8 (3.1)
5 (2.0)
2 (0.8)
5 (2.0)
40 (15.7)

57 (8.4)
48 (7.1)
18 (2.7)
22 (3.2)
13 (1.9)
34 (5.0)
192 (28.3)

0.034
0.046
0.659
0.383
0.379
0.043
0.001

19 (7.4)
15 (5.9)
7 (2.8)
11 (4.3)
7 (2.8)
8 (3.1)
67 (26.4)

85 (12.5)
69 (27.2)
42 (6.2)
56 (8.3)
21 (3.1)
40 (5.9)
313 (46.2)

0.035
0.041
0.046
0.045
0.265
0.098
0.001

Escherichia coli
Klebsiella pneumoniae
Pseudomonas aeruginosa
Enterobacter cloacae
Enterococcus faecalis
Others
Total

and Enterococcus faecalis between the two groups.
Similarly, with bile cultures, Enterococcus faecalis
counts were not significantly different between the two
groups (Table 4).
Higher level antibiotics were more frequently
required in the lavage group than the control group,
and this difference was statistically significant. There
were significant differences between the two groups
in the antibiotic usage of imipenem, moxifloxacin,
piperacillin-tazobactam, and cefoperazone-sulbactam.
However, there were no significant differences in
the antibiotic use of ceftriaxone, levofloxacin, and
ciprofloxacin between the two groups (Table 5).

Table 5 The varieties of the up-regulated antibiotics of the
control and lavage groups n (%)

Imipenem
Ceftriaxone
Moxifloxacin
Piperacillintazobactam
Cefoperazonesulbactam
Levofloxacin
Ciprofloxacin
Others
Total

Control group
(n = 254)

Lavage group
(n = 678)

P value

4 (1.6)
8 (3.1)
11 (4.3)
15 (5.9)

29 (4.3)
21 (3.1)
57 (8.4)
69 (10.2)

0.047
1.000
0.034
0.041

18 (7.1)

80 (11.8)

0.041

4 (1.6)
5 (2.0)
7 (2.8)
72 (28.3)

10 (14.7)
7 (10.3)
18 (26.5)
291 (42.9)

0.261
1.000
0.439
0.005

DISCUSSION
bacteria were cultivated from 438 patients. There were
172 colonies of Escherichia coli (E. coli), which had the
highest count, followed by 141 colonies of Klebsiella
pneumoniae, 94 colonies of Enterobacter cloacae,
75 colonies of Pseudomonas aeruginosa, 43 colonies
of Enterococcus faecalis, and 87 colonies of other
bacteria. In terms of the total bacterial culture count,
the lavage group had significantly higher counts for
both blood and bile cultures compared to the control
group. However, with blood cultures, there were no
statistically significant differences in the counts of
Pseudomonas aeruginosa, Enterobacter cloacae,
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In this study, we found that performing intraoperative
biliary lavage during biliary lithotomy may negatively
affect patients with hepatolithiasis, and it may
not increase the clearance rate of gallstones. As
hepatolithiasis can lead to recurring localized chronic
cholangitis, which can cause ductal wall thickening
[2,3,5]
and biliary stricture
, it creates large obstacles
against stone removal in the drainage segments of
the bile ducts. Furthermore, miniscule and soft stones
are not easily removed by choledochofiberscopeguided basket stone extraction; therefore, surgeons
commonly apply biliary lavage at a certain pressure to
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expel the stones. Therefore, unfortunately, according
to our investigations, this commonly used method of
stone extraction might significantly increase the risk
of postoperative infection, fever, and hyperthermia
in patients, thereby prolonging the patients’ average
length of hospital stay and increasing hospitalization
fees. Moreover, the technological advancements
and application of choledochofiberscopy and shock
wave lithotripsy, which may prolong the operation
time as well as increase the use of liver resection,
are sufficiently able to maintain a high clearance
[2]
rate of intrahepatic bile duct stones , and therefore,
the relative effectiveness of biliary lavage for stone
removal may be decreasing.
The causes of hepatolithiasis are complicated and
related to various health conditions. In China, a large
proportion of patients have a history of roundworm
[14]
infection , while several studies have shown that
bacteria play an important role in the occurrence of
[15-17]
hepatolithiasis
. Normal bile should be sterile;
however, hepatolithiasis will occur because of the
involvement of bacteria. For example, E. coli can
secrete β-glucuronidase, which breaks down conjugated
bilirubin found in bile into free bilirubin; the free bilirubin
will then combine with calcium to form pigment stones,
[18]
the main type of gallstone found in hepatolithiasis .
Another study has shown that there were remnants of
bacterial DNA in a proportion of intrahepatic bile duct
[19]
stones . Therefore, a few scholars believe that chronic
bacterial infection may be present even in patients with
hepatolithiasis who do not experience acute attacks
and that the bacteria still retain a certain degree of
[15,17]
activity
. Bile duct exploration and lithotomy for
hepatolithiasis can easily lead to the occurrence of
acute postoperative biliary infection or even sepsis.
This might be because patients with hepatolithiasis
also present with accompanying biliary strictures and
chronic proliferative cholangitis. Firstly, the gallstones
might have sharper edges, and the use of bougienage,
choledochofiberscopy, and other procedures during
surgery might damage the biliary mucosa. Subsequently,
bacteria that were already involved in chronic biliary
infection may then enter the blood stream and cause
sepsis. In addition, in theory, pressurized lavage may
cause bacteria to break free from the gallstones, which
will exacerbate or increase the risk of retrograde flow
of bacteria into the blood. Besides, a portion of the
hepatolithiasis patients had liver cirrhosis, which can
[20]
impair immune system . Our study has shown that
acute biliary infection and concurrent blood infection
occur frequently in patients with hepatolithiasis,
and intraoperative biliary lavage can exacerbate the
occurrence and severity of acute infections.
In the absence of intraoperative biliary lavage,
patients with hepatolithiasis are already prone to
fever and hyperthermia after bile duct exploration
and lithotomy, with occurrence rates of 81.4% and
39.7%, respectively. However, the application of biliary
lavage increased these occurrence rates to 91.1% and
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54.9%, respectively. Our results also demonstrated
that bacterial cultures from bile and blood samples of
patients with postoperative infection had lower positive
rates than those without postoperative infection (blood:
13.3% and 25.8%, respectively; bile: 23.6% and
40.7%, respectively). This might be due to the use of
prophylactic antibiotics. Bacterial cultures from patients
with postoperative infection contained mostly gramnegative bacteria, of which E. coli, K. pneumoniae,
Pseudomonas aeruginosa, and Enterobacter cloacae
were the most common types; of note, these bacteria
are normal intestinal bacteria. Currently, studies have
shown that causative pathogens of biliary infections
[11-13]
come mostly from the intestines
, which is
consistent with our results.
Since hepatolithiasis is usually accompanied
by bacterial infection, the general consensus for
treatment is that the intraoperative use of prophylactic
antibiotics is beneficial; however, the most effective
type of antibiotic for prophylaxis has not been
[21,22]
established
. At present, it is believed that firstand second-generation cephalosporins should be used
during abdominal surgery as prophylactic antibiotics
[23]
for surgical site infection . In this study, we used
first- and second-generation cephalosporins as
prophylactic antibiotics for all cases. However, most
patients with hepatolithiasis have concurrent gramnegative bacterial infections, and the antibacterial
activity of first- and second-generation cephalosporins
is quite poor against these bacteria. Furthermore,
most of the patients who were recruited for this study
had previously undergone multiple biliary operations
and had histories of multiple acute cholangitis. Thus,
different types of antibiotics were administered to
patients, and non-standard antibiotics were used
in certain cases. Accordingly, there may be several
types of bacteria present with resistance to various
drugs. Therefore, for these reasons, there was a
higher proportion of patients in our study who had
fever, cholangitis, and sepsis. In addition, these
proportions were even higher in the lavage group.
With regard to the treatment of biliary infections, as
some patients developed concurrent blood infection,
antibiotic selection was based on drug sensitivity,
while also taking into account drug concentrations in
[24,25]
the blood and bile
. It is currently believed that
piperacillin-tazobactam, cefoperazone-sulbactam,
ceftriaxone, and levofloxacin, which have high bile
concentrations, are the better choices, and those with
additional β-lactamase inhibitor activity might have
[26-30]
even better efficacies
. The results of our study
have shown that the use of cefoperazone-sulbactam,
piperacillin-tazobactam, and moxifloxacin within our
medical center is in line with the abovementioned drug
selection principle, while the lack of difference between
the two groups in terms of drug usage for ceftriaxone,
levofloxacin, and ciprofloxacin is likely due to surgeons’
preferences.
In this study, we investigated and clarified the
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the risk associated with this procedure. In this study, the authors research the
short-term impact of intraoperative biliary lavage. The results suggest that
intraoperative biliary lavage may increase the rate of postoperative infection
and prolong hospital stay.

postoperative short-term effects of biliary lavage in a
large group of patients with hepatolithiasis. However,
there were certain limitations to our study. First,
our study was a retrospective analysis; thus, data
collection, statistical analyses, and other aspects of the
study might be biased, which could have influenced the
results. Second, intraoperative biliary lavage involves
manual control of the syringe by the surgeon, and the
water pressure is not set automatically by machines;
therefore, each surgeon might use different levels of
water pressure for each operation, and the pressure
gradient might theoretically be positively correlated
to the retrograde flow of bacteria into the blood.
In reality, the use of choledochofiberscopy during
surgery also requires a certain level of water pressure
in order to maintain a clear field of vision. Our study
showed that intraoperative pressurized biliary lavage
correlated with postoperative occurrence of bacteremia
and sepsis. However, we were not able to analyze
water pressure as one of the factors, and, therefore,
we were not able to determine what level of water
pressure may cause the abovementioned effects. In
order to address these issues, our research group has
registered a prospective randomized controlled trial
on the World Health Organization website (currently
under ethical review) in order to further clarify and
comprehensively evaluate the effects of different
levels of lavage pressure gradients and the addition of
antibiotic intervention on patients with hepatolithiasis.
In conclusion, intraoperative biliary lavage is a
commonly used method for stone extraction. Although
it does not increase the occurrence of severe and fatal
complications, our study shows that it might increase
the postoperative risk of infection-related complications
in patients with hepatolithiasis. These complications
will lead to prolonged hospital stays and increased
hospitalization fees, while not significantly increasing
the rate of gallstone removal. Therefore, we suggest
that this procedure should be used with caution.

Applications

The data in this study suggested intraoperative biliary lavage may negatively
impact hepatolithiasis patients in the short-term, however, this study was
retrospectively designed, and further prospective randomized controlled trials
are necessary to confirm our conclusions.

Terminology

Intraoperative biliary lavage is inserting an 8-14F catheter into the intrahepatic
bile duct neighboring the stones, attaching a 20 mL hollow needle to
the catheter, and rinsing the intrahepatic bile duct by rapid expulsion of
physiological saline in about 2 s. Escherichia coli, Klebsiella pneumonia,
Pseudomonas aeruginosa, Enterobacter cloacae, and Enterococcus faecalis
are various kinds of bacteria. Imipenem, ceftriaxone, moxifloxacin, piperacillintazobactam, cefoperazone-sulbactam, levofloxacin, and ciprofloxacin are
different kinds of antibiotics.

Peer-review

This manuscript addresses the necessity and safety of intraoperative biliary
lavage for hepatolithiasis. This paper is interesting and provides information
to answer an important clinical question when dealing with recurrent pyogenic
cholangitis, i.e., sepsis.
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Abstract
AIM: To assess the value of gemstone spectral imaging
(GSI) in efficacy evaluation in hepatocellular cancer
(HCC) after transcatheter arterial chemoembolization
(TACE) treatment.

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of the Mianyang
Central Hospital, Sichuan Province, China.
Informed consent statement: All patients provided written
informed consent prior to GSI scan and transcatheter arterial
chemoembolization in this study, and we use the anonymous
clinical data during the analysis.

METHODS: Thirty patients with HCC underwent
GSI, including nonenhanced, arterial, portalvenous
and delayed phase scans, after TACE treatment.
Arterial phase images were acquired with GSI for
reconstruction of virtual nonenhanced images and
color overlay images. Digital subtraction angiography
(DSA) was performed in all these patients. Two blinded
and independent readers evaluated the data in two
reading sessions; standard nonenhanced, arterial,
portalvenous, and delayed phase images were read
in session A, and the optimal monochromatic images,
iodine/water based images and spectrum features
were read in session B. Sensitivity and specificity
were calculated with the DSA data as the reference
standard. The sensitivity and specificity were compared
2
using the χ test.
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RESULTS: DSA revealed 154 lesions in 30 patients,
and 100 of them had blood supply. Overall sensitivity
and specificity were 72% (72/100) and 77.8%
(42/54) for session A, and 97% (97/100) and 94.4%
(51/54) for session B, respectively. The sensitivity
and specificity of the two reading sessions were
2
2
significantly different (χ = 23.04, χ = 7.11, P < 0.05).
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CONCLUSION: Compared with conventional CT, GSI
could significantly improve the detection of small and
multiple lesions without increasing the radiation dose.
Based on spectrum features, GSI could assess tumor
homogeneity and more accurately identify residual
tumors and recurrent or metastatic lesions during
efficacy evaluation and follow-up in HCC after TACE
treatment.

detection of active residual lesions and recurrent or
metastatic lesions are of great clinical significance.
Many imaging modalities are currently available
for efficacy evaluation and follow-up in HCC patients
after TACE, including ultrasound, multislice computed
tomography (MSCT), magnetic resonance imaging
(MRI), positron emission tomography-computed
tomography (PET-CT) and digital subtraction angio
[6-9]
graphy (DSA) . Each modality has its own pros and
cons. DSA is the golden standard for the detection of
[10]
viable tumors ; however, DSA is invasive and not
suitable for routine monitoring. Therefore, there is
still an urgent need to develop a simple, minimally
invasive, effective and reproducible imaging modality
for efficacy evaluation and follow-up in HCC patients
after TACE.
In recent years, gemstone spectral imaging (GSI),
which is able to comprehensively analyze the spectral
characteristics of tumor lesions, has become a hot
research topic in the fields of imaging and clinical
oncology. As a novel imaging modality, GSI overcomes
the limitation of conventional CT that adopts a singleparameter imaging mode relying on CT value only,
and allows for the acquisition of polychromatic (QC)
images, optimal monochromatic images, iodine
(water)-based images, and spectral characterization
diagrams by fast tube voltage switching (80/140 kVp)
at one time, the generation of 101 monochromatic
images at different kV levels from 40 to 140 keV,
and the creation of multi-spectral images, thereby
achieving multi-parameter imaging. Therefore,
GSI achieves high-resolution imaging and material
decomposition by qualitative and quantitative analysis,
greatly improving the diagnostic accuracy and
[10]
safety . The present study assessed the value of GSI
in efficacy evaluation and follow-up in HCC patients
after TACE, with an aim to develop a simple, minimally
invasive, effective and reproducible imaging modality
for efficacy evaluation and early detection of active
residual lesions and recurrent or metastatic lesions in
HCC patients after TACE.

Key words: Gemstone spectral imaging; Hepatocellular
carcinoma; Transcatheter arterial chemoembolization;
Digital subtraction angiography; Efficacy evaluation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate
the efficacy of gemstone spectral imaging (GSI)
in hepatocellular cancer (HCC) after transarterial
chemoembolization (TACE) treatment. The overall
sensitivity and specificity of GSI in detection of
lesions were 97% (97/100) and 94.4% (51/54), and
72% (72/100) and 77.8% (42/54) for conventional
computed tomography (CT), respectively. Compared
with conventional CT, GSI could not only significantly
improve the detection of small and multiple lesions
without increasing the radiation dose, but also could
assess tumor homogeneity and more accurately identify
residual tumors and recurrent or metastatic lesions
during the follow-up in HCC after TACE treatment.
Liu QY, He CD, Zhou Y, Huang D, Lin H, Wang Z, Wang D,
Wang JQ, Liao LP. Application of gemstone spectral imaging for
efficacy evaluation in hepatocellular carcinoma after transarterial
chemoembolization. World J Gastroenterol 2016; 22(11): 3242-3251
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i11/3242.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3242

INTRODUCTION
Primary hepatocellular carcinoma (HCC) has an
[1]
increasing incidence worldwide , and the incidence
and mortality of HCC in China are both among the
[2]
highest in the world . The overall resectability rate
of HCC is only 20%-30%, but the recurrence rate is
[3]
as high as 60%-70% . Currently, there are many
non-surgical modalities for HCC, among which
transcatheter arterial chemoembolization (TACE) is an
effective method that has been widely used in clinical
practice and become the first choice of non-surgical
[4]
treatment . The efficacy of TACE is closely associated
with the extent of iodized oil deposition and tumor
blood supply, and many HCC patients still have residual
tumors after TACE. This, together with collateral
vessel formation, results in the easy recurrence and
metastasis of HCC. As a result, the majority of cases
[5]
require repeated treatments . Therefore, timely
and accurate evaluation of TACE efficacy and early
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MATERIALS AND METHODS
Patients

Consecutive HCC patients who underwent TACE at our
hospital from February 2013 to October 2014 were
included. After excluding patients with cardiovascular
or respiratory disease, poor renal function, allergy
to contrast media, or contraindications for artery
puncture, a total of 30 patients were finally included.
There were 19 men and 11 women, and their age
ranged from 36 to 72 years, with a mean value of 57.2
years. TACE was performed according to the standards
for the diagnosis and treatment of primary liver cancer
(updated in 2011). Follow-up and treatment interval
were based on the same standards. The study protocol
was approved by the local ethics committee, and all
patients provided written informed consent prior to
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TACE and GSI scans. The 30 patients received 1-3
TACE procedures, and GSI scans were performed 2-4
days before TACE treatment.

in which the lesion and adjacent liver tissue had the
best CNR were selected from the 101 monochromatic
images. The areas that had dense iodized oil
deposition or radial artifacts should be avoided. On
the QC images, optimal monochromatic images and
iodine-based images, regions of interest (ROIs) of the
same size were selected in the central slice of normal
liver tissue and lesions in largest diameter to measure
the CT value and effective iodine content and plot
spectral characterization charts (spectral curve, scatter
plot, etc.) to observe the characteristics of the spectral
characterization charts (including slope of curve and
distribution characteristics).
Two experienced radiologists who were blinded to
the clinical details independently evaluated the status
of tumor blood supply and the presence of active
residual lesions and recurrent or metastatic lesions in
two reading sessions (A and B), and the results were
compared with DSA findings. For session A, QC images
acquired in plain scans and in the arterial and venous
phases (equivalent to conventional CT) were observed.
For session B, optimal monochromatic images, iodine
(water)-based images and spectral characteristics were
observed. The consistency of the results of sessions
A and B with DSA findings was evaluated. Discordant
findings were resolved by consensus review by a third
radiologist.

Examination procedures

Dual-phase GSI CT scans: A GE discovery CT750 HD
CT scanner was used for plain and GSI CT scans. All
patients were fasted for at least 8 h before the scans
and took 800-1000 mL water before examination
to fill the upper gastrointestinal tract to help identify
the relationship between organs and avoid possible
missed diagnosis of abdominal masses. The scanning
range was from the dome of the diaphragm to the
inferior poles of the two kidneys. After acquiring the
scanogram, plain abdominal scanning was performed.
The nonionic contrast medium iohexol (350 mg/mL,
80 mL) was then injected via the elbow vein at a flow
rate of 2.9 mL/s. The amount of iohexol used for weak
patients was calculated based on the body weight (kg),
and the flow rate and the total amount of contrast
medium were reduced correspondingly. The arterial
and portal venous phase scans were started 35 s and
70 s after the start of injection of the contrast medium,
respectively. Subsequently, the GSI mode was used
to conduct dual-phase contrast enhanced scanning to
acquire arterial and portal venous phase QC images
and spectral images. Scan parameters included:
voltage, 80/140 kVp; switching within 0.5 ms; default
mA; helical pitch, 1.375:1; collimation width, 40 mm;
slice thickness, 5 mm; reconstruction slice thickness,
1.25 mm and 0.625 mm.

Statistical analysis

All statistical analyses were performed using SPSS17.0
software. Using DSA results as the reference golden
standard, the sensitivity, specificity, positive predictive
value, negative predictive value, and diagnostic
coincidence rate for sessions A and B were calculated.
The diagnostic performance between the two sessions
2
was compared using the χ test, and Kappa test was
used to evaluate the consistency of the two sessions
with DSA. P values < 0.05 were considered statistically
significant.

DSA of the liver: Percutaneous femoral artery
puncture was performed using the Seldinger technique.
DSA of the celiac trunk, common hepatic artery, and
superior mesenteric artery was performed. DSA images
were acquired in the arterial, parenchymal, and venous
phases. After determining tumor location, size, number
and tumor-feeding arteries, the left hepatic artery,
right hepatic artery, and tumor-feeding arteries were
super-selectively catheterized with a microcatheter for
infusion chemotherapy and embolization with iodized
oil emulsion. The presence of active residual lesions
and recurrent or metastatic lesions was judged based
on the presence of enlarged tumor-feeding arteries,
hypervascularity, tumor stain, and iodized oil deposition
[standards for the diagnosis and treatment of primary
liver cancer (updated in 2011)].

RESULTS
Of the 30 HCC patients who underwent GSI exam
ination after TACE treatment, 6 had single lesions
and 24 had multiple lesions, as revealed by DSA. A
total of 154 lesions were detected, and their diameter
ranged from 1.1-14.4 cm (lesions that had an unclear
boundary and fused together were counted as one).
One hundred lesions had obvious hypervascularity
and/or tumor stain, and 54 lesions only had iodized
oil deposition without obvious tumor stain or hyper
vascularity (Figure 1a and b).
In session A, 84 lesions were identified to have
enhancement, and 70 lesions had no enhancement.
Seventy-two of the 84 lesions showing enhancement
were correctly diagnosed, 12 lesions without blood
supply were misdiagnosed as having enhancement,
and 22 lesions having blood supply were missed.

Image processing and evaluation

QC images and spectral images were acquired at one
time of scan. Images were transferred to the AW4.6
workstation and processed using GSI-viewer software.
One hundred and one monochromatic images at
kV levels from 40 to 140 keV, iodine (water)-based
images, and spectral characterization diagrams
(spectral curve, scatter plot, etc.) were reconstructed.
Based on the carrier-to-noise ratio (CNR), the images
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A

B

Figure 1 hepatocellular cancer in the caudate lobe after transcatheter arterial chemoembolization. a: Iodine (water) based image. The effective iodine content
of the defect of iodine deposition (154.10 ± 8.07) was significantly higher than that for normal liver parenchyma and the aorta (67.36 ± 4.87), revealing no residual
tumor; b: Digital subtraction angiography image revealed no tumor vessels or stain, and obvious iodized oil deposition was visible (arrow).

A

B
2

Area: 97.63 mm
Perimeter: 35.0 mm
Max: 112
Min: 50
Total: 18170
Mean: 82
SD: 12
2

Area: 93.59 mm
Perimeter: 94.3 mm
Max: 101
Min: 62
Total: 17082
Mean: 81
SD: 7

Figure 2 Giant hepatocellular cancer in the lateral borders of the left and right liver lobes after transcatheter arterial chemoembolization. a: The computed
tomography (CT) value of the defect of iodine deposition was comparable to that of normal liver parenchyma in conventional CT image, and there was no obvious
enhancement; b: Digital subtraction angiography revealed enlarged tumor blood vessels and tumor stain in the defect of iodine deposition.

Table 1 Numbers of lesions detected in sessions A and B and by digital subtraction angiography
DSA

A

Abnormal tumor stain or tumor vessels
Iodized oil deposition only
Total

B

Total

With enhancement

Without enhancement

With enhancement

Without enhancement

72
12
84

28
42
70

97
3
100

3
51
54

100
54
154

DSA: Digital subtraction angiography.

supply were misdiagnosed as having enhancement,
and three lesions having blood supply were missed.
The three lesions misdiagnosed to have enhancement
were all located around areas of iodized oil deposition,
and the six missed cases showed hypodensity and
no enhancement, and were misdiagnosed as cysts
(Figure 3). Using DSA as the reference standard,
the sensitivity, specificity, positive predictive value,
negative predictive value, and diagnostic coincidence
rate were 97% (97/100), 94.4% (51/54), 97% (97/100),
94.4% (51/54), and 96.1% (148/154), respectively
(Table 1).
In session B, CNR curve showed that the optimal
monochromatic images were located at 60-70 KeV

Twenty-two lesions were determined to have
equidensity due to iodized oil artifact interference
or cirrhotic background (Figure 2a and b), and 18
were misdiagnosed as cysts (Figure 3). Using DSA
as the reference standard, the sensitivity, specificity,
positive predictive value, negative predictive value,
and diagnostic coincidence rate were 72% (72/100),
77.8% (42/54), 85.7% (72/84), 60% (42/70), and
74% (114/154), respectively (Table 1).
In session B, 100 lesions were identified to have
enhancement (Figure 4a, B and C), and 54 lesions
had no enhancement (Figure 5a, B and C). Ninetyseven of the 100 lesions showing enhancement were
correctly diagnosed, three lesions without blood
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A

B

C

D

Figure 3 Metastasis to the medial segment of the left lobe of the liver after transcatheter arterial chemoembolization for primary hepatocellular cancer. a:
Conventional computed tomography revealed that the left lobe metastasis had no obvious enhancement; b: Iodine (water) based image showed a small amount of
contrast medium entry to the left lobe metastasis, suggesting slight enhancement; c: Iodine (water) based image showed equidensity of the left lobe metastasis; d:
Digital subtraction angiography confirmed tumor stain in the left lobe metastasis in parenchymal phase (arrow).

A

B

C

Figure 4 Recurrence of hepatocellular cancer in the right lobe after transcatheter arterial chemoembolization. A: Sixty-eight keV monochromatic image
showed obvious enlargement and enhancement of recurrent lesion in tumor edge (arrow); b: The effective iodine content of the recurrent lesion (29.89 ± 5.83) was
significantly higher than that for normal liver parenchyma (10.0 ± 4.45), suggesting obvious enhancement and entry of contrast medium to the lesion; c: Digital
subtraction angiography confirmed tumor stain in the recurrent lesion in parenchymal phase (arrow).
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A

B

C

Figure 5 Same case as in Figure 4. a: Iodine (water) based image revealed no entry of contrast medium to the lateral segment of the left lobe, which showed
hypodensity (arrow); b: Iodine (water) based image showed slight hypodensity (arrow); c: Digital subtraction angiography confirmed tumor stain in the left lobe
metastasis in parenchymal phase (arrow).

A

B

Figure 6 Metastasis to the right lobe after transcatheter arterial chemoembolization for hepatocellular cancer in the right lobe. a: Placement of regions of
interest in the metastatic lesion and surrounding normal parenchyma, respectively; b: carrier-to-noise ratio curve. The optimal monochromatic images were at 60-70
keV.

(Figure 6a and d). The slopes of spectral curves for
post-treated lesions and pre-treated lesions were
roughly identical and substantially overlapped (Figure
7a-d).
There were significant differences between the
2
two sessions in sensitivity (χ = 23.04, P < 0.01) and
2
specificity (χ = 7.11, P < 0.05). The consistency was
moderate between session A and DSA (K = 0.47, P <
0.01), but good between session B and DSA (K = 0.91,
P < 0.01).
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DISCUSSION
Current status of efficacy evaluation in HCC after TACE

DSA can accurately detect tumor vessels, tumor
stain, arteriovenous fistula and collateral circulation
in active residual lesions after TACE treatment, and
is therefore the most sensitive and specific method
[11]
for evaluating the efficacy of TACE . However, DSA
is invasive, and postoperative monitoring relying on
repeated DSA examinations is not practical. Currently,
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A

B

C

D

Figure 7 Same case as in Figure 6. a: Placement of a region of interest in the primary lesion; b: Placement of a region of interest in the lesion in the right lobe; c:
The spectral curves for the two lesions were roughly same, suggesting tumor homogeneity; d: Digital subtraction angiography confirmed multiple tumor stains (arrow).

there are many imaging modalities available for
efficacy evaluation in HCC after TACE, with CT and
MRI being the main ones. MRI is not affected by
[12,13]
iodized oil deposition, and it has been reported
that the sensitivity, specificity and accuracy of MRI
are superior to those of CT and ultrasound; however,
many contraindications and long scanning time limit
its use. In addition, due to some overlap between DWI
signals for viable tumor area and tumor necrotic area,
it may be difficult to identify some residual tumors
and lesions lacking rich blood supply. MSCT can
better show the status of enhanced blood vessels and
tumor blood supply in HCC, and it is the first choice
of imaging modality for postoperative monitoring in
[14,15]
HCC after TACE treatment
. However, conventional
CT is based on mixed energy, can produce beam
hardening artifacts, and cause the “drift” of CT value.
Moreover, due to the impact of many other factors
such as postoperative hemodynamic changes, uneven
iodized oil deposition, radial artifacts around iodized oil
deposition, degree of cell differentiation in lesions, nonrich arterial blood supply, arteriovenous double blood
supply, and cirrhotic background, there may be poor
contrast between lesions and the surrounding tissue.
As a result, in some cases, conventional plain and
contrast-enhanced CT scans may show equidensity
or atypical enhancement pattern, thus weakening the
ability of conventional CT to observe lesions around
embolized lesions and evaluate residual tumor tissue,
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and decreasing the performance of CT in efficacy
evaluation. In addition, due to the lack of blood
supply in necrotic tumor tissue or the presence of
coagulation necrosis after arterial embolization, defects
of iodized oil deposition may be present. The defects
of iodized oil deposition do not necessarily indicate
[16]
the presence of residual tumors or recurrence .
Therefore, conventional CT has a low detection rate
for small lesions and lesions lacking blood supply,
[17]
and missed diagnosis is not uncommon . During
the process of evaluation of polychromatic images
(equivalent to conventional CT) in this study, although
ROIs were placed to avoid areas of dense iodized
oil deposition and radial artifacts as far as possible,
there were still 12 cases that were misdiagnosed as
having enhancement due to reasons including iodized
oil deposition. Of the 70 missed lesions, 28 were due
to lack of blood supply without enhancement, 22
were identified to have equidensity due to iodized oil
interference and cirrhotic background, and 18 were
misdiagnosed as cysts.

Advantages and value of GSI in efficacy evaluation and
follow-up in HCC after TACE

GSI adopts new high-purity and high-permeability
detector materials, realizing fast kVp switching and
single energy CT imaging. Therefore, GSI has obvious
advantages and breakthroughs compared with
[18,19]
conventional CT
. By optimizing the image quality
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and choosing the optimal monochromatic images, GSI
is conducive to eliminating beam hardening artifacts
produced in conventional CT and avoiding average
attenuation effect, thus increasing the contrast-noise
ratio of images. Based on the difference in absorption
coefficients of different materials under different
single photon energy, GSI can also produce different
characteristic absorption curves, thereby realizing the
[20]
separation and identification of materials , i.e., the
spectral curves of different materials at different levels
of KeV have different resolutions. Iodine based images
can be used to directly determine iodine content and
normalized iodine concentration, thereby indirectly
reflecting blood supply status in different pathological
conditions and in different stages of disease
[21,22]
progression. Studies
have shown a significant
correlation between the measured value and true
value of iodine content in different concentrations of
iodine-containing contrast medium, and that there was
no significant difference between the measured value
and true value. In the spectral curve for iodine, the
difference between the CT values of iodine-containing
hepatic artery and hepatic parenchyma increases with
the decrease of the single energy KeV, thus improving
the contrast between the lesions and normal liver
tissue and the contrast between tissues, and exerting
amplifying and highlighting effects. Therefore, GSI
can, under the premise of without increasing radiation
dose, improve the detection rate of lesions lacking
blood supply, small lesions and multiple lesions,
increase the qualitative accuracy, and avoid lesion
[23-25]
missing
, thus providing more robust information
for accurate characterization, clear positioning,
rapid diagnosis and timely treatment of diseases.
In the present study, GSI showed that the optimal
monochromatic images for lesions were at 60-70 KeV,
and this finding is consistent with that reported in
[26]
the literature . The number of lesions detected by
GSI was higher than that detected in polychromatic
images (97 vs 72), and GSI findings had a good
consistency with those of DSA. The sensitivity and
specificity for the GSI group were significantly higher
than those of the QC group. Three lesions showing
enhancement in GSI were located around tumor
lesions and iodized oil deposition areas, but DSA
showed negative results. As non-nodular or nonmass lesions, their effective iodine contents and curve
slopes were located between those for tumor lesions
showing enhancement and normal parenchyma. We
speculate that this may be due to reactive granulation
tissue formation and/or iodized oil deposition after
TACE for HCC. In this study, three lesions showed
no enhancement in optimal monochromatic images
by iodine quantitative measurement, but showed
hypodensity in water (iodine)-based images. They
were therefore misdiagnosed as cysts. Postoperatively,
iodized oil deposition was visible, suggesting that
they were metastases with no/little blood supply.
In addition, conventional CT mainly observes the
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morphology of tumors and the change of CT values,
but a significant change of tumor size often occurs
[27]
3 and 6 mo after chemotherapy . GSI allows for
analysis of the similarity of spectral characteristics
between the pre-treated lesion and the post-treated
lesion, thus providing objective information about
the nature and origin of the lesion and aiding in the
[28-30]
differential diagnosis
. In this study, it was found
that the features of spectral curves and scatter plots
for most of the detected lesions were substantially
consistent with those for the pre-treated lesions, which
suggests a homogeneity between them. However,
there were few cases of inconsistency, and this was
not caused by tumor cells themselves, but may be
due to tumor liquefaction necrosis, few residual tumor
cells, and many liquefaction necrosis foci in the ROIs.
Taken together, tumor morphological changes
usually occur later than blood flow changes in HCC
after TACE treatment, and therefore, morphological
evaluation does not meet the requirements of efficacy
evaluation. Compared to traditional CT value, effective
iodine content in GSI has a higher correlation with
iodine concentration, has a smaller error, can more
accurately analyze material composition, can reflect
real iodine concentration, and is more convincing. By
measuring the amount of iodine accumulating in local
tissue and comparing the change in the contents of
iodine between pre-treated and post-treated lesions,
GSI can indirectly reflect blood perfusion in tissues/
organs and hemodynamic changes in lesions, and
is therefore more sensitive and can detect more
small lesions. By comparing the features of spectral
characterization diagrams between suspicious lesions
and primary lesions, GSI allows for more objective
judgment and identification of residual lesions and
recurrent or metastatic lesions, which is more accurate
than conventional CT. However, this study has several
limitations. Although a metal artifacts reduction system
(MARS) was used in GSI, and areas of dense iodized
oil deposition and radial artifacts were avoided as
much as possible in the selection of ROIs in this study,
some lesions were still misdiagnosed or missed due to
iodized oil deposition; few lesions with no/little blood
supply showing hypodensity in iodine (water) based
images were misdiagnosed as cysts; the selection of
size and placement of the ROIs were arbitrary, which
may also lead to the change in the slopes of spectral
curves. Therefore, future clinical studies are needed
to address these issues carefully and optimize this
technique.
GSI allows for multi-parametric imaging and
overcomes the limitations of conventional CT,
which relies on morphology and CT value and is a
nonparametric imaging modality. Thus, GSI realizes
the transition from morphological to functional
imaging, and can therefore more accurately evaluate
efficacy and detect active residual tumors and
recurrent or metastatic lesions after TACE treatment
for HCC, representing a simple, minimally invasive,
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efficient imaging modality for efficacy evaluation and
follow-up after TACE treatment for HCC. GSI also
provides reliable imaging evidence for early treatment
and is beneficial to the improvement of curative effect
and survival.

5
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The incidence and mortality of primary hepatocellular carcinoma (HCC) in
China are both among the highest in the world. Because of its low resectable
and high recurrent rates, transarterial chemoembolization (TACE) has been an
effective non-surgical modality and widely used in clinical practice. However,
many HCC patients still have residual tumors after TACE, which results in the
easy recurrence and requires repeated treatments. Therefore, early detection
of active residual lesions and recurrent or metastatic lesions after TACE are
of great clinical significance. Although many imaging modalities are currently
available for evaluation in HCC patients after TACE and among which DSA
is the golden standard, it is invasive and not suitable for routine monitoring.
In this study, we evaluate the efficacy of gemstone spectral imaging (GSI) in
hepatocellular cancer after TACE.
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Research frontiers

GSI has become a hot research topic in the fields of imaging and clinical
oncology, for its ability to comprehensively analyze the spectral characteristics
of tumor lesions without increasing the radiation dose at the same time. Few
previous studies contain evaluations in HCC patients after TACE with GSI.
The results of this study contribute to clarifying the potential of GSI for efficacy
evaluation and follow-up in HCC patients after TACE.
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Innovations and breakthroughs

In this study, GSI was a useful tool to detect the residual and recurrent or
metastasis lesions of HCC after TACE. The sensitivity and specificity were 97%
(97/100) and 94.4% (51/54), respectively. The results had a good consistency
with those of DSA with a diagnostic coincidence rate of 74% (114/154) and
were significantly higher than those of the QC group. This emphasizes the
accuracy and efficacy of GSI for identifying residual tumors and recurrent or
metastatic lesions.
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Applications

This study suggests that GSI is useful for detecting the residual and recurrent or
metastasis lesions of HCC after TACE. HCC patients after TACE can get timely
and early further treatment if active residual lesions and recurrent or metastasis
lesions are early and accurately detected based on the efficacy evaluation of
the GSI.
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Core tip: This study determined the bowel symptoms
associated with diabetes. Patients underwent colo
noscopy and completed a questionnaire on 9 bowel
symptoms. Symptoms evaluated on a 7-point Likert
scale were compared between baseline and the second
questionnaire for test-retest reliability. Constipation and
hard stools were associated with diabetes, and fecal
urgency and incomplete evacuation were marginally
associated with diabetes. These relations remained
after excluding organic gastrointestinal diseases. Longterm reliability of symptom score suggested that these
symptoms remain consistent over a given period. In
diabetes, poor glycemic control, diabetes duration, low
BMI, and high creatinine level were associated with
these symptoms.

Abstract
AIM: To determine the bowel symptoms associated
with diabetes and diabetes-related factors after
excluding gastrointestinal (GI) organic diseases.
METHODS: Participants were 4738 (603 diabetic
and 4135 non-diabetic) patients who underwent
colonoscopy and completed a questionnaire. On the
day of pre-colonoscopy, 9 symptoms (borborygmus,
abdominal distension, increased flatus, constipation,
diarrhea, loose stools, hard stools, fecal urgency, and
incomplete evacuation) were prospectively evaluated
on a 7-point Likert scale. The test-retest reliability
of the bowel symptom scores from the baseline and
second questionnaires was analyzed using kappa
statistics. Associations between bowel symptom scores
and diabetes or diabetes-related factors were analyzed
by a rank-ordered logistic model adjusted for related
confounders, and odds ratios (ORs) were estimated.

Ihana-Sugiyama N, Nagata N, Yamamoto-Honda R, Izawa E,
Kajio H, Shimbo T, Kakei M, Uemura N, Akiyama J, Noda
M. Constipation, hard stools, fecal urgency, and incomplete
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related factors. World J Gastroenterol 2016; 22(11): 3252-3260
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i11/3252.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3252

RESULTS: In multivariate analysis, constipation
[adjusted odds ratio (AOR) = 1.57, CI: 1.33-1.85, P <
0.01] and hard stools (AOR = 1.56, CI: 1.33-1.84, P <
0.01) were associated with diabetes, and fecal urgency
(AOR = 1.16, CI: 0.99-1.37, P = 0.07) and incomplete
evacuation (AOR = 1.16, CI: 1.00-1.36, P = 0.06) were
marginally associated with diabetes. These symptoms
remained associated even after excluding organic
GI diseases on colonoscopy. Test-retest reliability of
symptom score with a mean duration of 3.2 mo was
good (mean kappa, 0.69). Associations of symptoms
with diabetes-related factors were found; constipation
with HbA1c ≥ 8.0% (AOR = 2.11, CI: 1.19-3.73),
body mass index (BMI) < 25 (AOR = 2.11, CI:
1.22-3.66), and insulin use (AOR = 1.90, CI: 1.08-3.36);
hard stools with diabetes duration (AOR = 1.03, CI:
1.00-1.07); fecal urgency with BMI < 25 (AOR = 1.73,
CI: 1.00-2.98); and incomplete evacuation with BMI <
25 (AOR = 2.60, CI: 1.52-4.43), serum creatinine level
(AOR = 1.27, CI: 1.10-1.47), and insulin use (AOR =
1.92, CI: 1.09-3.38).

INTRODUCTION
Diabetes mellitus and its complications have
[1]
become major worldwide public health concerns .
Gastrointestinal (GI) symptoms are common in
[2]
diabetic autonomic neuropathy and affect the
[3]
quality of life of diabetic patients . Several studies
have shown that various GI symptoms are associated
with diabetes, poor glycemic control, and duration
[4,5]
of diabetes . However, neither the GI symptoms
typically associated with diabetes nor the diabetesrelated factors have been clarified. In addition, prior
studies have experienced the following methodological
issues. First, GI symptoms were not substantially
evaluated quantitatively or with a reliable and validated
[6,7]
scoring system , which would improve assessment of
the relationship between diabetes and the wide range
[6,8]
of GI symptoms . Second, although GI symptoms
can be induced by various GI diseases, most prior
studies did not exclude organic GI diseases evaluated
by colonoscopy. Third, studies on this association with
a large sample population are rather scarce.
In the light of these issues, we conducted a large
colonoscopy-based study and evaluated 9 specific
bowel symptoms on a 7-point Likert scale. The
objective of the study was to determine the bowel
symptoms associated with diabetes and diabetesrelated factors in clinical practice, even after excluding
organic GI diseases.

CONCLUSION: Diabetes is associated with con
stipation, hard stools, fecal urgency, and incomplete
evacuation, and poor glycemic control, duration,
leanness, and nephropathy affect the risk of these
symptoms.
Key words: Functional bowel disease; Gastrointestinal
symptom rating scale; Decreased passage of stools;
Diabetic complications
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and the National Center Diabetes Database, as
[10]
previously reported .

MATERIALS AND METHODS
Study design, participants, data sources and
measurement

Evaluation of bowel symptoms and diagnosis of
colorectal diseases

We conducted this hospital-based cross-sectional
study at the National Center for Global Health and
Medicine (NCGM), Japan. Participants who were
scheduled to undergo elective colonoscopy and
completed questionnaires at the endoscopy unit of the
NCGM between September 2009 and April 2014 were
enrolled. Inclusion criteria were as follows: (1) > 18
years old; (2) Japanese nationality; (3) patients for
colorectal adenoma/cancer screening or surveillance
for polyps after resection of colorectal adenoma;
(4) patients who required examination for specific
diseases because of abnormal abdominal findings
on ultrasonography, computed tomography, positron
emission tomography-computed tomography, or
magnetic resonance imaging; and (5) patients with
intermittent or continuous GI symptoms. Exclusion
criteria were as follows: (1) no informed consent
obtained; (2) unknown use of medications; (3) not
independent in activities of daily living; (4) inability to
understand written documents; or (5) previous urgent
or early colonoscopy for acute onset of GI symptoms.
All inclusion criteria were fulfilled before the patients
were enrolled. This study was approved by the ethics
committee of the National Center for Global Health
and Medicine Center, and included protocol number
1712. The study was conducted in accordance with the
provisions of the Declaration of Helsinki.
A detailed questionnaire was completed at the
endoscopy unit on the day prior to colonoscopy.
Well-trained medical researchers asked patients
about alcohol consumption, smoking status, medical
history, and co-morbidities. Researchers also checked
prescriptions and medical records in addition to
the information provided by the patients to avoid
omissions. Medical history included hypertension
and dyslipidemia, which were considered present
in patients taking specific drugs. History of cerebrocardiovascular disease was also asked. BMI was
calculated as weight divided by height squared (kg/
2
m ). The diagnosis of diabetes was based on the
updated criteria of the American Diabetes Association,
including a past history of diabetes, a fasting plasma
glucose level (126 mg/dL), or a glycated hemoglobin
[9]
(HbA1c) level of 6.5% (48 mmol/mol) .
Precise analysis was performed with the dia
betic patients followed-up at the Department of
Diabetes, Endocrinology and Metabolism of the
NCGM. Laboratory data (HbA1c, serum creatinine,
and qualitative urine protein levels) were measured
within 3 mo and BMI was measured within 6 mo of
undergoing colonoscopy. Other clinical data (duration
of diabetes, use of hypoglycemic agents: insulin,
sulfonylurea, glinide, alpha-glucosidase inhibitors,
biguanide, thiazolidine, and dipeptidyl peptidase-4
[DPP-4] inhibitors) were collected from clinical records

WJG|www.wjgnet.com

The questionnaire contained detailed information
about bowel symptoms occurring within the last 3
mo of colonoscopy. Before the colonoscopy, 9 bowel
symptoms were evaluated using the GI symptom
rating scale (GSRS) and a 7-point Likert scale (1,
none; 2, minor; 3, mild; 4, moderate; 5, moderately
[8]
severe; 6, severe; and 7, very severe) . The reliability
and validity of the GSRS for functional bowel disease
[8,11]
are well-documented
. The 9 bowel symptoms were
borborygmus, abdominal distension, increased flatus,
constipation, diarrhea, loose stools, hard stools, fecal
[8]
urgency, and feeling of incomplete evacuation .
To assess the reliability of bowel symptoms
scores, we conducted a test-retest analysis for first
and secondary questionnaires using the same GSRS
among participants who visited our department from 1
week to 1 year after the first interview.
A high-resolution electronic video colonoscope
(CFH260; Olympus Optical, Tokyo, Japan) with full
preparation was used for the diagnosis of colorectal
diseases. Well-trained staff who were blinded to the
questionnaire results performed colonoscopy. When
abnormal findings were detected on colonoscopy,
biopsy, polypectomy, or endoscopic mucosal resection
was performed. All removed specimens were
evaluated by expert pathologists, and final diagnoses
of colorectal diseases were made.
Organic GI disease was defined as colorectal
cancer, post-colectomy for colorectal cancer, other
colorectal tumor, inflammatory bowel disease,
ischemic colitis, and other colitis (infectious colitis, nonspecific colitis, and drug-induced colitis) as previously
[12]
reported . The above information on endoscopic or
pathological diagnoses was systematically stored in
an electronic endoscopic database (Solemio; Olympus
Optical, Tokyo, Japan).

Statistical analysis

Pearson’s Chi-squared test or Fisher’s exact test for
categorical data was used to assess the differences in
clinical factors between participants with and without
diabetes. Continuous values were compared using the
Mann-Whitney U test. Associations between bowel
symptom scores and diabetes or diabetes-related
factors were analyzed by univariate and multivariate
[13]
rank ordered logistic modeling , and odds ratios
(ORs) with 95%CI were estimated. Multivariate
[12]
analysis was adjusted for age, sex , alcohol
[14]
[12,15]
consumption , and smoking status
, all of which
are known or probable factors associated with bowel
symptoms. These associations were evaluated after
excluding organic GI diseases. Associations between
positive bowel symptoms and diabetes mellitus were
also analyzed by univariate and multivariate logistic
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unacceptable. The test-retest reliability of the bowel
symptom scores in the GSRS from the first and second
questionnaires was analyzed using kappa statistics.
Kappa values > 0.80 denoted excellent agreement, >
0.60 to 0.80 good, > 0.40 to 0.60 moderate, > 0.20
[16]
to 0.40 fair, and ≤ 0.20 poor .
P < 0.05 was considered significant. All statistical
analysis was performed using Stata version 13
software (StataCorp, College Station, TX).

Table 1 Characteristics of 4738 participants n (%)
All

Diabetes

(n = 4738)

(n = 603)

Non-diabetes P value
(n = 4135)

Age (yr)
60.0 ± 14.3
65.0 ± 11.9
59.3 ± 14.5
Age ≥ 65 (yr)
2102 (44.4)
345 (57.2)
1757 (42.5)
Male sex
2988 (63.1)
472 (78.3)
2516 (60.9)
Height 1
163.3 ± 9.2
165.3 ± 8.7
162.9 ± 9.3
Weight 2
61.1 ± 12.3
65.8 ± 12.7
60.3 ± 12.0
2
BMI, kg/m2
22.8 ± 3.5
24.0 ± 3.9
22.6 ± 3.4
Lifestyle factors
Current smoker
2297 (48.5)
337 (55.9)
1960 (47.4)
Current alcohol
2735 (57.7)
322 (53.4)
2413 (58.4)
consumption
Chronic disease
Hypertension
1520 (31.9)
338 (56.1)
1172 (28.3)
Dyslipidemia
802 (16.9)
169 (28.0)
633 (15.3)
Cerebro435 (9.2)
106 (17.6)
329 (8.0)
cardiovascular
disease
Chronic kidney
160 (3.4)
56 (9.3)
104 (2.5)
disease
Liver cirrhosis
318 (6.7)
42 (7.0)
276 (6.7)
Familial history
351 (7.4)
43 (7.1)
308 (7.5)
of colorectal
cancer
Medication
NSAIDs
407 (8.6)
53 (8.8)
354 (8.6)
Low-dose aspirin
445 (9.4)
111 (18.4)
334 (8.1)
Thienopyridine
130 (2.7)
40 (6.6)
90 (2.2)
Dipyridamole
40 (0.84)
4 (0.7)
36 (0.9)
Cilostazol
55 (1.2)
19 (3.2)
36 (0.9)
Anticoagulants
231 (4.9)
40 (6.6)
191 (4.6)
Cecum
3484 (97.1)
592 (98.2)
4042 (97.8)
intubation rate
Colorectal disease on colonoscopy with pathology
Colorectal cancer
80 (1.7)
16 (2.7)
64 (1.6)
Post-colectomy
227 (4.8)
40 (6.6)
187 (4.5)
for colorectal
cancer
Other colorectal
62 (1.3)
8 (1.3)
54 (1.3)
tumor3
Inflammatory
246 (5.2)
19 (3.2)
227 (5.5)
bowel disease
Ischemic colitis
50 (1.1)
3 (0.5)
47 (1.1)
Other colitis
50 (1.1)
3 (0.5)
47 (1.1)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.021

RESULTS
Baseline characteristics

During the study period, 4738 Japanese patients who
completed the questionnaire were enrolled in the study.
Among the 4738 participants, there were 603 diabetic
(12.7%) and 4135 non-diabetic (87.3%) patients.
Patient characteristics are shown in Table 1. The factors
associated with diabetes were advanced age, male sex,
high BMI, current smoker, hypertension, dyslipidemia,
cerebro-cardiovascular disease, chronic kidney disease,
and the use of low-dose aspirin, thienopyridine,
cilostazol, and anticoagulants. Colonoscopy revealed
organic GI disease in 13.7% (651/4738) of the
patients. Organic GI diseases included colorectal cancer
(n = 80), post-colectomy for colorectal cancer (n =
227), other colorectal tumor (n = 62), inflammatory
bowel disease (n = 246), ischemic colitis (n = 50), and
other colitis (n = 50).

< 0.001
< 0.001
< 0.001

< 0.001
0.790
0.781

0.852
< 0.001
< 0.001
0.603
< 0.001
0.032
0.506

Associations between diabetes mellitus and bowel
symptoms

0.049
0.023

Associations between diabetes and bowel symptom
scores are shown in Table 2. Ordered logistic model
analysis revealed that diabetes was independently
associated with constipation [crude OR (COR) = 1.47
(1.26-1.73), adjusted OR (AOR) = 1.57 (1.33-1.85)]
and hard stools [COR = 1.57 (1.34-1.84), AOR =
1.56 (1.33-1.84)] and marginally associated with
fecal urgency [COR = 1.13 (0.97-1.33), AOR = 1.16
(0.99-1.37)] and incomplete evacuation [COR = 1.11
(0.96-1.30), AOR = 1.16 (1.00-1.36)]. After excluding
organic GI diseases, ordered logistic regression analysis
revealed that diabetes remained independently
associated with constipation [AOR = 1.43 (1.20-1.70)],
hard stools [AOR = 1.50 (1.26-1.78)], and fecal
urgency [AOR = 1.20 (1.01-1.43)] and marginally
associated with incomplete evacuation [OR = 1.16
(0.98-1.37)] (Table 2).
The tests of internal consistency using Cronbach’s
alpha revealed that measurement of bowel symptom
scores with 9 items were good (Cronbach’s alpha of
0.84). Among the 4678 participants, 1197 completed
a secondary questionnaire using the GSRS within
a mean duration of 3.2 ± 3.4 mo. After excluding
organic disease, the test-retest reliability of the bowel

0.967
0.016
0.151
0.151

1

Height was measured in 2834 patients (432 diabetics and 2402 nondiabetics); 2Weight was measured in 2833 patients (431 diabetics and
2402 non-diabetics); 3Other colorectal malignancies included lymphoma,
sarcoma, and lipoma. Data presented as number (%). Values presented
with plus/minus signs indicate means ± SD. P value is for the comparison
between diabetics and non-diabetics. BMI: Body mass index; NSAIDs:
Non-steroidal anti-inflammatory drugs.

regression analysis.
To evaluate the reliability of the GSRS, we
analyzed internal consistency and long-term testretest. Cronbach’s alpha was used for measurement of
internal consistency of 9 items of the GSRS. Cronbach’
s alpha (α) values were interpreted as follows: ≥
0.90, excellent agreement; 0.9 > α ≥ 0.80, good
agreement, 0.8 > α ≥ 0.7, acceptable; 0.7 > α ≥
0.6, questionable; 0.6 > α ≥ 0.5, poor; and 0.5 < α,
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Table 2 Associations between diabetes and bowel symptoms (n = 4738)
GI symptom

P value

Crude OR

Model 1
Borborygmus
Abdominal distension
Increased flatus
Constipation
Diarrhea
Loose stools
Hard stools
Fecal urgency
Incomplete evacuation

0.81 (0.68-0.96)
1.00 (0.84-1.19)
1.14 (0.97-1.33)
1.47 (1.26-1.73)
0.88 (0.75-1.04)
0.96 (0.82-1.13)
1.57 (1.34-1.84)
1.13 (0.97-1.33)
1.11 (0.96-1.30)

P value

Adjusted OR

0.02
0.98
0.11
< 0.001
0.13
0.66
< 0.001
0.12
0.17

1

Model 2

0.93 (0.78-1.11)
1.10 (0.91-1.30)
1.12 (0.96-1.32)
1.57 (1.33-1.85)
0.98 (0.83-1.15)
1.06 (0.90-1.25)
1.56 (1.33-1.84)
1.16 (0.99-1.37)
1.16 (1.00-1.36)

0.43
0.34
0.15
< 0.001
0.77
0.50
< 0.001
0.07
0.06

P value

Adjusted OR
2

0.94 (0.78-1.14)
1.04 (0.86-1.26)
1.15 (0.97-1.37)
1.43 (1.20-1.70)
0.97 (0.81-1.17)
1.02 (0.86-1.23)
1.50 (1.26-1.78)
1.20 (1.01-1.43)
1.16 (0.98-1.37)

0.53
0.71
0.10
< 0.001
0.77
0.79
< 0.001
0.04
0.08

1

Model 1: Adjusted for age, sex, current smoker, and alcohol consumption; 2Model 2: Adjusted for age, sex, smoking, and alcohol consumption after
exclusion of organic disease (n = 4087). The numbers in parentheses represent the 95%CI. GI: Gastrointestinal; OR: Odds ratio.

st

nd

Table 3 Test-retest reliability of bowel symptom score between 1 and 2 questionnaire
All (n = 1197)

Bowel symptoms
Borborygmus
Abdominal distension
Increased flatus
Constipation
Diarrhea
Loose stools
Hard stools
Fecal urgency
Incomplete evacuation

Diabetes (n = 152)

Non-Diabetes (n = 1045)

Kappa value

SE

P value

Kappa value

SE

P value

Kappa value

SE

P value

0.67
0.68
0.67
0.70
0.70
0.70
0.68
0.69
0.68

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

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

0.69
0.71
0.67
0.71
0.73
0.77
0.75
0.69
0.73

0.05
0.05
0.04
0.04
0.05
0.05
0.04
0.04
0.04

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

0.67
0.68
0.67
0.70
0.69
0.70
0.67
0.69
0.67

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

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

GI: Gastrointestinal.

symptom score between baseline and the second
questionnaire was good (mean Kappa values was 0.69).
The Kappa value of diabetic patients was higher than
non-diabetic patients (Table 3).

DISCUSSION
In this study, we found that constipation, hard stools,
and fecal urgency were associated with diabetes, and
incomplete evacuation was marginally associated with
diabetes. These symptoms remained associated even
after excluding organic GI diseases. The long-term
reliability of bowel symptom scores in the GSRS was
found to be good. Finally, we found that high HbA1c
levels, long duration of diabetes, low BMI, high serum
creatinine levels, and insulin use affect the risk of these
symptoms in patients with diabetes.
Several studies have reported an association
between bowel symptoms and diabetes. Bytzer et
[17,18]
al
conducted a mail-based survey of 15000 people
in Australia and reported that diabetes had an OR of
1.8 for any bowel symptom, 2.1 for diarrhea, and 1.5
for constipation, and also showed the associations
between symptoms and poor glycemic control. In Hong
[5]
Kong, Ko et al conducted an interview-based study
which revealed abdominal pain/cramps, diarrhea,
steatorrhea, and constipation to be significantly
associated with type 2 diabetes mellitus. In the United
[19]
States, Maleki et al
conducted a population-based,
case-controlled study and reported constipation and/or

Effect of diabetes mellitus-related factors on the risk of
bowel symptoms

Of the 603 diabetic patients treated at our hospital or
neighboring hospitals, 241 were regularly followedup at our hospital and their clinical information were
collected more precisely. The association between
diabetes-related factors and bowel symptoms is shown
in Table 4. After excluding organic disease, HbA1c ≥
8.0% (64 mmol/mol) [AOR = 2.11 (1.19-3.73)], BMI
< 25 [AOR = 2.11 (1.22-3.66)], and insulin use [AOR
= 1.90 (1.08-3.36)] were significantly associated
with constipation. Long duration of diabetes [AOR =
1.03 (1.00-1.07)] was significantly associated with
hard stools. BMI < 25 [AOR = 1.73 (1.00-2.98)] was
associated with fecal urgency, and biguanide use was
marginally associated with fecal urgency. BMI < 25
[AOR = 2.60 (1.52-4.43)], serum creatinine level
[AOR = 1.27 (1.10-1.47)], and insulin use [AOR =
1.92 (1.09-3.38)] were significantly associated with
incomplete evacuation.
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Table 4 Associations between diabetes-related factors and the bowel symptoms in patients with diabetes (n = 241)
Number of patients
(%) or mean ± SD

Crude OR

P value

Adjusted OR
1
(Model 1)

P value

Adjusted OR
2
(Model 2)

P value

54/241 (22.4)
13.0 ± 8.9
137/230 (59.6)
37/241 (15.3)
109.6 ± 149.4
51/224 (22.8)

2.11 (1.22-3.64)
1.02 (0.99-1.04)
1.62 (0.99-2.64)
1.51 (0.82-2.80)
0.97 (0.81-1.21)
0.95 (0.53-1.70)

< 0.01
0.22
0.06
0.19
0.71
0.85

2.10 (1.21-3.66)
1.02 (1.00-1.05)
1.76 (1.06-2.93)
1.38 (0.73-2.62)
0.97 (0.81-1.16)
0.89 (0.49-1.61)

< 0.01
0.10
0.03
0.33
0.74
0.70

2.11 (1.19-3.73)
1.02 (0.99-1.05)
2.11 (1.22-3.66)
1.13 (0.56-2.27)
1.02 (0.84-1.23)
0.83 (0.44-1.58)

0.01
0.22
< 0.01
0.73
0.87
0.57

69/241 (28.6)
75/241 (31.1)
21/241 (8.7)
68/241 (28.2)
104/241 (43.1)
28/241 (11.6)
36/241 (14.9)

1.83 (1.11-3.03)
0.77 (0.46-1.29)
1.52 (0.66-3.48)
1.01 (0.60-1.68)
1.24 (0.78-1.99)
0.88 (0.41-1.86)
0.73 (0.38-1.39)

0.02
0.32
0.32
0.98
0.36
0.73
0.33

1.82 (1.07-3.09)
0.79 (0.46-1.34)
1.72 (0.75-3.95)
1.04 (0.62-1.76)
1.32 (0.81-2.13)
0.86 (0.40-1.84)
0.77 (0.40-1.49)

0.03
0.38
0.20
0.88
0.26
0.69
0.44

1.90 (1.08-3.36)
0.72 (0.41-1.26)
2.00 (0.83-4.82)
0.99 (0.58-1.71)
1.38 (0.82-2.30)
0.87 (0.40-1.92)
0.83 (0.42-1.62)

0.03
0.25
0.12
0.98
0.22
0.74
0.58

54/241 (22.4)
13.0 (± 8.9)
137/230 (59.6)
37/241 (15.3)
109.6 ± 149.4
51/224 (22.8)

1.72 (0.99-2.98)
1.02 (1.00-1.05)
1.24 (0.76-2.01)
1.28 (0.68-2.40)
1.08 (0.94-1.23)
1.08 (0.60-1.93)

0.05
0.08
0.39
0.44
0.28
0.80

1.75 (1.00-3.03)
1.03 (1.00-1.06)
1.28 (0.78-2.11)
1.15 (0.60-2.21)
1.09 (0.95-1.25)
1.04 (0.57-1.87)

< 0.05
0.07
0.33
0.67
0.22
0.91

1.71 (0.97-3.02)
1.03 (1.00-1.07)
1.44 (0.85-2.45)
1.31 (0.65-2.65)
1.12 (0.97-1.30)
1.07 (0.57-2.03)

0.06
0.04
0.17
0.45
0.12
0.83

69/241 (28.6)
75/241 (31.1)
21/241 (8.7)
68/241 (28.2)
104/241 (43.1)
28/241 (11.6)
36/241 (14.9)

1.08 (0.65-1.81)
0.65 (0.39-1.08)
1.94 (0.83-4.51)
1.16 (0.69-1.93)
1.01 (0.63-1.61)
0.84 (0.39-1.80)
0.69 (0.35-1.33)

0.76
0.10
0.13
0.57
0.98
0.65
0.27

1.10 (0.65-1.88)
0.63 (0.37-1.06)
2.07 (0.88-4.89)
1.19 (0.70-2.01)
1.05 (0.65-1.70)
0.81 (0.38-1.75)
0.70 (0.36-1.37)

0.72
0.08
0.10
0.52
0.83
0.59
0.29

1.08 (0.61-1.90)
0.65 (0.38-1.13)
2.20 (0.90-5.39)
1.08 (0.63-1.86)
0.97 (0.59-1.62)
0.76 (0.35-1.66)
0.75 (0.38-1.47)

0.79
0.13
0.08
0.78
0.92
0.49
0.40

54/241 (22.4)
13.0 ± 8.9
137/230 (59.6)
37/241 (15.3)
109.6 (± 149.4)
51/224 (22.8)

0.99 (0.56-1.74)
1.01 (0.98-1.03)
1.62 (0.98-2.67)
1.41 (0.73-2.71)
1.16 (0.98-1.39)
0.72 (0.39-1.33)

0.97
0.65
0.06
0.31
0.09
0.29

0.94 (0.53-1.67)
1.00 (0.98-1.03)
1.81 (1.08-3.03)
1.41 (0.72-2.78)
1.15 (0.97-1.36)
0.70 (0.38-1.29)

0.83
0.76
0.03
0.32
0.12
0.25

0.96 (0.53-1.72)
1.01 (0.98-1.04)
1.73 (1.00-2.98)
1.74 (0.84-3.59)
1.14 (0.94-1.39)
0.78 (0.40-1.51)

0.88
0.56
< 0.05
0.14
0.18
0.45

69/241 (28.6)
75/241 (31.1)
21/241 (8.7)
68/241 (28.2)
104/241 (43.1)
28/241 (11.6)
36/241 (14.9)

1.59 (0.95-2.66)
0.56 (0.33-0.93)
1.29 (0.57-2.91)
1.17 (0.70-1.96)
1.55 (0.97-2.48)
0.77 (0.52-2.12)
0.64 (0.33-1.26)

0.08
0.03
0.55
0.54
0.07
0.90
0.20

1.65 (0.96-2.83)
0.57 (0.33-0.96)
1.38 (0.60-3.16)
1.18 (0.70-1.98)
1.63 (1.01-2.63)
1.08 (0.53-2.21)
0.64 (0.32-1.30)

0.07
0.03
0.45
0.53
< 0.05
0.83
0.20

1.67 (0.94-2.95)
0.61 (0.35-1.07)
1.43 (0.59-3.44)
1.22 (0.71-2.08)
1.65 (0.99-2.73)
1.23 (0.60-2.54)
0.67 (0.34-1.34)

0.08
0.08
0.42
0.47
0.05
0.58
0.26

54/241 (22.4)
13.0 ± 8.9
137/230 (59.6)
37/241 (15.3)
109.6 ± 149.4
51/224 (22.8)

1.49 (0.85-2.60)
1.02 (1.00-1.05)
2.09 (1.29-3.40)
1.67 (0.89-3.12)
1.24 (1.08-1.42)
1.41 (0.80-2.48)

0.16
0.08
< 0.01
0.11
< 0.01
0.24

1.50 (0.86-2.64)
1.02 (1.00-1.06)
2.21 (1.34-3.65)
1.61 (0.84-3.07)
1.25 (1.09-1.43)
1.38 (0.78-2.45)

0.15
0.07
< 0.01
0.15
< 0.01
0.27

1.49 (0.84-2.64)
1.03 (1.00-1.06)
2.60 (1.52-4.43)
1.81 (0.90-3.61)
1.27 (1.10-1.47)
1.45 (0.79-2.69)

0.18
0.08
< 0.01
0.09
< 0.01
0.23

69/241 (28.6)
75/241 (31.1)
21/241 (8.7)
68/241 (28.2)
104/241 (43.1)
28/241 (11.6)
36/241 (14.9)

1.65 (0.99-2.76)
0.85 (0.52-1.40)
2.27 (1.00-5.18)
0.92 (0.55-1.52)
1.19 (0.76-1.89)
1.07 (0.52-2.25)
0.49 (0.26-0.94)

0.05
0.53
0.05
0.74
0.44
0.84
0.03

1.77 (1.03-3.02)
0.83 (0.50-1.38)
2.39 (1.03-5.52)
0.92 (0.55-1.54)
1.22 (0.77-1.94)
1.07 (0.51-2.24)
0.49 (0.25-0.94)

0.04
0.47
0.04
0.76
0.40
0.86
0.03

1.92 (1.09-3.38)
0.89 (0.52-1.52)
2.33 (0.95-5.73)
0.85 (0.50-1.44)
1.15 (0.70-1.87)
1.14 (0.53-2.42)
0.52 (0.27-1.01)

0.02
0.68
0.06
0.55
0.58
0.74
0.05

Constipation
HbA1c ≥ 8.0% (64 mmol/mol)
Duration of diabetes (yr)
BMI < 25 kg/m²
Cerebro-cardio vascular disease
Creatinine (μmol/L)
Urine protein positive
Hypoglycemic agents
Insulin
Sulfonylurea
Glinide
Alpha-glucosidase inhibitors
Biguanide
Thiazolidine
DPP-4 inhibitors
Hard stool
HbA1c ≥ 8.0% (64 mmol/mol)
Duration of diabetes (yr)
BMI < 25 kg/m²
Cerebro-cardio vascular disease
Creatinine (μmol/L)
Urine protein positive
Hypoglycemic agents
Insulin
Sulfonylurea
Glinide
Alpha-glucosidase inhibitors
Biguanide
Thiazolidine
DPP-4 inhibitors
Fecal urgency
HbA1c ≥ 8.0% (64 mmol/mol)
Duration of diabetes (yr)
BMI < 25 kg/m²
Cerebro-cardio vascular disease
Creatinine (μmol/L)
Urine protein positive
Hypoglycemic agents
Insulin
Sulfonylurea
Glinide
Alpha-glucosidase inhibitors
Biguanide
Thiazolidine
DPP-4 inhibitors
Incomplete evacuation
HbA1c ≥ 8.0% (64 mmol/mol)
Duration of diabetes (yr)
BMI < 25 kg/m²
Cerebro-cardio vascular disease
Creatinine (μmol/L)
Urine protein positive
Hypoglycemic agents
Insulin
Sulfonylurea
Glinide
Alpha-glucosidase inhibitors
Biguanide
Thiazolidine
DPP-4 inhibitors
1

Model 1: Adjusted for age, sex, smoking, and alcohol consumption; 2Model 2: Adjusted for age, sex, smoking, and alcohol consumption after exclusion
of organic disease (n = 201). The numbers in parentheses represent the 95% confidence interval. BMI: Body mass index; DPP-4: Dipeptidyl peptidase-4;
HbA1c: Glycated hemoglobin; OR: Odds ratio.
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laxative use was more common in men with type 1
diabetes, but not type 2 diabetes. On the other hand,
[20]
Tseng et al
conducted a cross-sectional study of a
large sample population in Taiwan and reported no
significant differences between diabetes and bowel
symptoms, including constipation and diarrhea. These
results were in conflict with our results, which could be
attributed to selection bias, variations in study design
and the lack of quantification of bowel symptom
scores, the narrow range of bowel symptoms, or the
inclusion of organic GI disease. However, both the
[5,17-19]
results of some prior studies
and our findings
suggested positive associations between diabetes and
constipation symptoms.
Although the exact mechanism of diabetic bowel
dysfunction is obscure, it is suggested that neuropathy
caused by hyperglycemia influences colon motility.
Activation of multiple causes of diabetic neuropathy,
such as the polyol pathway and protein kinase
C, increasing oxidative stress, excess nitric oxide
production, and immune mechanisms are caused by
hyperglycemia, and all of these induce autonomic
neuronal damage, nerve flow reduction, and vascular
[4]
endothelium damage . Autonomic neurons and
smooth muscle are considered to regulate GI motility.
Thus, diabetes increases the risk of constipation
or hard stool because of decreasing motility, bowel
[21]
transmit time, and atony of the colon . In addition,
diabetic neuropathy leads to reduced rectal sensation
and/or impaired external sphincter function which
result in symptoms of rectal dysfunction such as fecal
[22]
urgency and feeling of incomplete evacuation . An
epidemiological study also showed that poor glycemic
control and long duration of diabetes worsened
[23]
diabetic neuropathy . Indeed our finding of a positive
association between HbA1c ≥ 8% (64 mmol/mol)
and long duration of diabetes and bowel or rectal
dysfunction supports this notion.
In this study, we found that low BMI was associated
with constipation, fecal urgency, and incomplete
evacuation in diabetes patients. Some studies have
revealed a relationship between a lower BMI and bowel
[15]
symptoms. Kubo et al
conducted a cross sectional
study of 63344 Japanese workers and reported that
irritable bowel syndrome is associated with lower BMI.
[24]
Farzaneh et al identified low BMI (OR = 0.94) as an
independent risk factor associated with irritable bowel
syndrome in Iran. These two Asian studies support our
findings.
We evaluated the relationship between bowel
symptoms and 6 oral hypoglycemic agents and
insulin. Only biguanide was found to be positively
[25]
associated with fecal urgency. Scarpello et al
conducted a randomized, double-blind, crossover
study with either metformin or placebo and reported
that a significant association emerged for stool bile
salt content and watery stool formation from the
increased osmotic burden in patients on biguanide.
[18]
Bytzer et al
reported that biguanide use was
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independently associated with chronic diarrhea and
fecal incontinence. These two studies support our
finding. We found that insulin use was associated with
constipation and incomplete evacuation. Although
there are few reports that indicate a relationship
[26]
between insulin use and GI symptoms, Bytzer et al
reported that more GI symptoms occurred with type 2
diabetes mellitus treated with insulin. Indeed, insulin
use is related to long duration of diabetes and poor
[27]
glycemic control .
In our study, we assessed the reliability of GSRS
using kappa statistics, finding a good long-term
test-retest reliability (mean kappa, 0.69), in which
the kappa value of > 0.60 is usually considered to
[28]
[7]
be good . Quan et al reported that test-retest
reliability for GI symptoms using a 5-point Likert scale
was good (median kappa, 0.63) with a 1 wk interval.
Our results imply that the number of patients with or
without specific GI symptoms and the severity of these
symptoms remain consistent over a given period.
Furthermore, for diabetics, the mean kappa value was
higher than that of non-diabetics, which suggested
that diabetic patients tend to have more chronic GI
symptoms than non-diabetic patients.
This study had several strengths. First, we con
ducted colonoscopy and administered a questionnaire
to all subjects, which enabled us to evaluate the
bowel symptoms exclusive of organic GI diseases.
Second, we were able to confirm the internal
consistency and long-term reliability of the GSRS.
Third, the sample population was large, facilitating
adjustment for many confounding factors. However,
this study also has some limitations. First, it was a
hospital-based study and may have included a few
healthy subjects, which might have led to selection
bias. Second, we did not assess their psychological
[29]
status, which is known to affect bowel symptoms .
However, a prior study indicated that GSRS scores
correlated with hospital anxiety and depression
[6]
scale scores . Third, we did not classify diabetes
as type 1 or type 2. However, as the prevalence of
type 1 diabetes is notably lower than type 2 diabetes
[30,31]
in Asia
, this omission is likely to have little
impact on our results. Fourth, we did not examine
intestinal microbiome which might associate with
GI symptoms. In recent studies, the intestinal
microbiome is known to interfere with GI symptoms
and there are several studies suggesting that it is
[32]
also involved in the pathogenesis of diabetes . In
particular, chronic diarrhea is associated with lower
[33]
amounts of Lactocacillus spp. . In this study, we did
not examine such an important biomarker. Further
investigation of these points is needed.
In conclusion, diabetes mellitus is associated
with an increased risk of constipation, hard stools,
fecal urgency, and incomplete evacuation, and poor
glycemic control, diabetes duration, low BMI, and
nephropathy affect the risk of these symptoms. Longterm reliability of symptom score suggested that these
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symptoms remain consistent over a given period.
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Abstract
AIM: To investigate multiple polyps in a Chinese PeutzJeghers syndrome (PJS) infant.

Institutional review board statement: The publication of this
manuscript has been approved and reviewed and approved by the
Children’s Hospital of Fudan University Review Board.

METHODS: A nine-month-old PJS infant was admitted
to our hospital for recurrent prolapsed rectal polyps for
one month. The clinical characteristics, a colonoscopic
image, the pathological characteristics of the polyps
and X-ray images of the intestinal perforation were
obtained. Serine threonine-protein kinase 11 (STK11 )
gene analysis was also performed using a DNA sample
from this infant.

Informed consent statement: The patient’s parents provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: The authors declare no conflicts
of interest.
Data sharing statement: No additional data are available.

RESULTS: Here we describe the youngest known
Chinese infant with PJS. Five polyps, including a giant
polyp of approximately 4 cm × 2 cm in size, were
removed from the infant’s intestine. Laparotomy
was performed to repair a perforation caused by
pneumoperitoneum. The pathological results showed

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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that this child had PJS. Molecular analysis of the STK11
gene further revealed a novel frameshift mutation
(c.64_65het_delAT) in exon 1 in this PJS infant.

was performed using gastrointestinal endoscopy
(GIF-XQ260, Olympus, Japan) and an argon plasma
coagulation device (VIO200D + APC2, German) with
detachable snares (MAJ339, Olympus, Japan). The
polyps that were removed were subject to pathological
analysis. In our study, polyps > 1 cm were classified
as “large”, and those > 2 cm were classified as “giant”.

CONCLUSION: The appropriate treatment method
for multiple polyps in an infant must be carefully
considered. Our results also show that the STK11 gene
mutation is the primary cause of PJS.

Sample collection and variant detection

Key words: Peutz-Jeghers syndrome; Perforation;
STK11 gene; Chinese infant; Polyps

A blood sample was collected, and genomic DNA
was extracted according to the STK11 gene testing
protocol. All of the STK11 coding exons and its
boundary regions were amplified by PCR and analyzed
[3]
by direct sequencing .

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

Core tip: This is the first report detailing a nine-monthold Chinese Peutz-Jeghers syndrome (PJS) infant with
multiple polyps. A perforation and pneumoperitoneum
developed after polypectomy and were followed by
sepsis. STK11 gene sequencing and pathology results
confirmed that this infant had PJS with a novel, de
novo mutation. This article also gives some thoughts to
PJS management in children, especially in infants.

Functional significance prediction and analysis

Three online software packages, including mutation
taster (http://mutationtaster.org/) and PolyPhen 2
(http://genetics.bwh.harvard.edu/pph2/), were used
to predict the functional significance of the variants.

RESULTS
Clinical characterization and laboratory results

Huang ZH, Song Z, Zhang P, Wu J, Huang Y. Clinical features,
endoscopic polypectomy and STK11 gene mutation in a ninemonth-old Peutz-Jeghers syndrome Chinese infant. World J
Gastroenterol 2016; 22(11): 3261-3267 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i11/3261.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i11.3261

The body weight of this infant was 9.5 kg. She was
delivered by cesarean section due to social factors after
40 wk of gestation and had a birth weight of 3500 g.
Her chief complaint was recurrent PRPs for one month.
The size of the first PRP was similar to that of a pigeon
egg. However, the PRP size increased to as large
as a chicken egg after one month. Mucocutaneous
pigmentation was not detectable in any part of her
body. Her complete blood count (CBC) and fecal occult
blood test were normal. Her mother was 28 years of
age (1 gravida, 1 para), and her father was 31 years
of age. She had no brothers or sisters. Both parents
were healthy, and neither had a family history of PJS.

INTRODUCTION
Peutz-Jeghers syndrome (PJS) is a rare autosomal
dominant disorder characterized by hamartomatous
polyps in the gastrointestinal tract, mucocutaneous
[1]
pigmentation and an increased risk of cancer .
A mutation in the tumor suppressor gene serine
threonine-protein kinase 11 (STK11) located on 19p13.3
has been found to be primarily responsible for this
[2]
disease . Presentation of PJS in infancy is rare. This is
the first detailed report of a nine-month-old Chinese
PJS infant with multiple polyps. A perforation and
pneumoperitoneum developed after polypectomy in this
patient, followed by sepsis. The STK11 gene sequencing
and pathology results confirmed that this infant had PJS.

Polypectomy

A nine-month-old infant was admitted to our
department with recurrent prolapsed rectal polyps
(PRPs) for one month. This infant was female, and she
had no family history of PJS.

Under general anesthesia, colonoscopic examination
revealed five polyps (Figure 1). The first large
polyp was located at the outlet of the anus and was
approximately 1.5 cm × 1.5 cm in size. The second
polyp was small and was located in the sigmoid, with a
size of approximately 0.6 cm × 0.8 cm. The third polyp
was also small and was located in the sigmoid, with
a size of approximately 0.4 cm × 0.5 cm. The fourth
polyp was a cucurbit-shaped giant polyp that was
located in the descending colon, with a size of 4 cm ×
2 cm. The fifth polyp was also a giant polyp with three
lobulations and was located in the transverse colon,
with a size of approximately 2.5 cm × 2 cm. All of the
polyps were removed smoothly during colonoscopy.
The polyps were confirmed as hamartomatous polyps
and were pathologically diagnosed as PJS (Figure 2).

Polypectomy via colonoscopy

Laparotomy

MATERIALS AND METHODS
Patient

The infant was transferred to the general ward for
routine hemostasis with dicynone, p-aminomethyl

The infant underwent polyp screening, and the
polyps were removed during colonoscopy, which
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A

B

D

E

C

Figure 1 Endoscopic images of the five polyps located in different parts of the intestine (A-E).

administered quickly to improve the shock symptoms.
After approximately 10 h, the infant underwent
abdominal X-ray examination. The X-ray image
showed pneumoperitoneum (Figure 3A and B).
The infant immediately underwent emergency
2
surgery. During surgery, a perforation of 0.5 cm in
size was found in the descending colon where the
fourth giant polyp was removed. This part of the
intestine was resected by anastomosis.

Postoperative course

500 μm

The infant was transferred to the pediatric intensive
care unit for further postoperative support. A CBC
9
test showed that the WBC was 3.0 × 10 /L and
the CRP was 84 mg/L. The infant was intubated
and placed on ventilator support for 4 d. The blood
culture was positive for Escherichia coli. Antibiotics,
including ceftriaxone, metronidazole, meropenem,
and vancomycin, were used for the treatment of
sepsis and acute peritonitis. Albumin was used to treat
hypoproteinemia caused by inflammatory exudation.
Abdominal X-ray showed that the pneumoperitoneum
had disappeared five days after surgery (Figure 3C
and D).
The infant was discharged from our hospital when
her CBC was nearly normal and her blood culture
was negative. The changes in the WBC and CRP that
occurred during this period are described in Figure 4.

Figure 2 Hematoxylin-eosin stained image showing the pathological
characteristics of the hamartomatous polyps in the infant with PeutzJeghers syndrome.

benzoic acid and supplemental fluid due to fasting.
Her blood pressure was normal. The infant had a low
fever for approximately 2 h after polypectomy, and
her abdomen was soft. We believed that she had an
absorption fever due to the extent of polypectomy.
Therefore, no further action was taken. The infant still
had a low fever and was slightly agitated after 3 h.
Physical examination showed that her abdomen was
slightly inflated. Still, no further action was taken. Her
temperature increased after 4 h, and physical cooling
was performed. The infant became more agitated,
and after 6 h, her abdomen became more inflated.
A CBC test was performed, which revealed that the
9
white blood cell (WBC) count was 3.1 × 10 /L and the
C-reactive protein (CRP) level was 12 mg/L.
Symptoms of shock were observed in the infant,
as evidenced by low spirit and poor peripheral limb
circulation after 8 h. A CBC test was performed, and
9
the results showed that the WBC was 3.5 × 10 /L
and the CRP was 68 mg/L. A crystalloid solution was

WJG|www.wjgnet.com

Mutation analysis

Molecular analysis of the STK11 gene revealed a novel
and de novo frameshift mutation (c.64_65het_delAT,
p.M22Gfs*140) in exon 1 in this PJS infant (Figure 5).
This mutation leads to the partial loss of the kinase
domain and the complete loss of the C-terminus, and
it has not been previously reported. We also found an
SNP (c.920+7G>G/C) in intron 7.
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A

B

C

D

Figure 3 X-ray images of the abdomen. A, B: Images showing the pneumoperitoneum; C, D: Images showing recovery of pneumoperitoneum after intestinal repair.
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Figure 5 Infant had a frameshift mutation in codon 64 (64_65het_delAT) in
exon 1. The arrow indicates the mutation site.
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and bloody stool, intussusception or prolapsed rectal
[4]
polyps. Fernandez Seara et al first reported PJS in
a neonate with abdominal distention and bloody stool
initially due to multiple polyposis. This patient died at
12 mo of age with multiple complications. Al Faour
and Burgmeier respectively reported another neonate
[5,6]
with PJS due to an oblong abdominal mass . Those
neonates with PJS were diagnosed by pathology but
STK11 gene information was not collected for these
cases. Some of the retrieved studies focused on the
clinical information whereas some focused on genetic
[7,8]
information related to STK11 and other genes .
Few studies focused on both clinical features and
gene information, and all children in the previous
[9-11]
PJS reports were 1 year of age or older
. Morrison
reported a nine-month-old PJS infant with umbilical
[12]
pigmentation . This infant had a family history of PJS
and had a novel mutation (c.88dupG) in exon 1 of the
STK11 gene. And in our study, we report the youngest
PJS infant in China with recurrent prolapsed rectal
polyps, and her clinical information, laboratory data,
image data, pathological images and STK11 gene data
are also described in detail.

31-Mar
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2-Apr
3-Apr
4-Apr
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6-Apr
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12-Apr
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15-Apr
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18-Apr
19-Apr

10

Figure 4 Changes in the white blood cell and C-reactive protein preope
ratively and postoperatively.

Systematic literature concerning pediatric PJS

A total of 679 papers were identified (PubMed = 183,
Embase = 112, Scopus = 297, Cochrane = 0, Web
of Science = 87), and 27 papers were considered
potentially relevant. All articles discussing PJS in
children were retrieved. The criterion for inclusion in
the study was patient age of 0-18 years. Only Englishlanguage articles published from 1995, when the first
case of neonatal PJS was reported, up to July 31,
2015 were retrieved, and all articles were reviewed
independently for suitability (Table 1). The clinical
manifestations in PJS vary among patients. In the
above-mentioned literature, some children exhibited
mucocutaneous pigmentation, abdominal pain, anemia
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Table 1 Systematic literature reports of pediatric Peutz-Jeghers syndrome
Ref.

Year

Study type

Country

Age range

Fernandez Seara et al[4]
Corley et al[21]
Al Faour et al[5]
Boseto et al[22]
Homan et al[23]

1995
1997
2002
2002
2005

Case report
Case report
Case report
Case report
Case report

Spain
United States
France
Australia
Slovenia

15 d
15 yr
4d
14 mo
10 yr

Hearle et al[7]
Zuo et al[8]
Adolph et al[24]
Vidal et al[25]
Ausavarat et al[26]

2006
2007
2008
2009
2009

Letter
Article
Review
Article
Case report

Resta et al[9]
Yang et al[27]

2010
2010

Article
Article

Liu et al[11]
Burgmeier et al[6]
Chen et al[28]
Thakkar et al[29]
Liu et al[30]
Goldstein et al[31]
Zheng et al[32]
Vageli et al[33]
Chae et al[34]
Morrison et al[12]
Wang et al[35]
Cohen et al[36]
Kimura et al[37]
Kuroda et al[10]
Armijo et al[38]
Our group

2011
2012
2012
2012
2012
2013
2013
2013
2014
2014
2014
2014
2015
2015
2015
2015

Article
Case report
Article
Review
Article
Article
Article
Case report
Case report
Case report
Article
Article
Case report
Article
Case report
Article

Manifestation

Treatment

PRPs
ED and Died
Gastric outlet obstruction, abdominal pain ED and OP
Abdominal mass
OP
Gastric outlet obstruction
OP
Abdominal pain, vomiting,
OP
intussusception
United Kingdom
1-38 yr
NA
NA
China
5-10 yr
MP
NA
United States
Children
MP, intussusception, abdominal pain, etc.
ED and OP
France
4.8-15.1 yr
MP, PRPs, intussusception, etc.
ED and OP
Thailand
14 yr
MP, abdominal pain, intestinal obstruction,
ED or OP
etc.
Italy
1-17 yr
NA
NA
Korea
6 mo-13.8 yr
MP, hematochezia, intussusception,
ED or OP
anemia,etc.
China
6 yt
MP, abdominal pain, hematochezia
ED and OP
Germany
2d
Vomiting, abdominal mass
OP
China
14 yr
MP
ED
United States
children
MP, PRPs, intussusception, etc.
ED and OP
China
12 and 16 yr MP, abdominal pain, hematochezia, etc.
ED
United States
1-14 yr
MP, PRPs, intussusception, etc.
ED and OP
China
1-5 yr
MP, abdominal pain
NA
Greece
12 yy
MP
NA
Korea
12 yr
MP, abdominal pain, anemia
OP
United Kingdom
9 mo
Umbilical pigmentation
NA
China
1-43 yr
MP, histopathologic examination, etc.
ED and OP
Israel
4-16 yr
MP, abdominal pain, hematochezia
ED or OP
Japan
13 yr
MP, abdominal pain
OP
Japan
12 yr
MP, intellectual disability
ED
United States
4 yr
gynecomastia, MP, testicular lesions
Orchiectomy
China
9 mo
PRPs
ED and OP

Gene
information
NA
NA
NA
NA
NA
Yes
Yes
NA
NA
Yes
Yes
Yes
Yes
NA
Yes
Yes
Yes
NA
Yes
NA
Yes
Yes
Yes
Yes
NA
Yes
Yes
Yes

ED: Endoscopy; MP: Mucocutaneous pigmentation; NA: Not available; OP: Operation; PRPs: Prolapsed rectal poly.

polypectomy is commonly considered safe, effica
cious and cost-effective in the management of
complex colon polyps compared with surgical
removal. However, this procedure is not free from
[14]
complications . For polyps in children, surgical
removal may influence physical and psychological
development and endoscopic follow-up. Endoscopic
resection of large polyps, which is minimally invasive,
is associated with lower morbidity and mortality rates
compared with surgery, and it is not only indicated, it
is also considered the most appropriate approach. In
children, and especially in infants, the lumen size is
small and the intestinal wall is thin. Thus, endoscopic
polypectomy has a greater risk of perforation in young
patients than in adults. For adults, there is still debate
as to whether large polyps should be removed under
[15]
laparoscopy or under colonoscopy . For children, no
guidelines are available for removal of a large polyp via
laparoscopy, colonoscopy or surgery. We considered
that the polyp size, its pedunculated or sessile nature,
its location, the age of the child, and the experience of
the endoscopist are important factors when selecting
between endoscopic or surgical removal of a large
[16]
[17]
polyp . Wiseman et al
presented two patients
with very large polyps in the proximal colon that were
not amenable to colonoscopic removal. These large

DISCUSSION
[4]

In 1995, Fernandez Seara et al first reported on
the occurrence of PJS in a neonate. The STK11 gene
responsible for PJS was discovered in 1998. However,
there are still few reports of PJS presenting in infants,
and there are no relevant reports of this syndrome
affecting infants in China. This study presents a ninemonth-old Chinese PJS infant with multiple intestinal
polyps. To our knowledge, this is the first report to
describe the clinical characteristics, colonoscopic
findings, pathological results, and surgical treatment of
the youngest Chinese infant with PJS and the STK11
gene mutation.
PJS may have varying clinical manifestations,
and most clinical complications occur in adults who
are 20 to 30 years of age; however, 1/3 of patients
[13]
are younger than 10 . Symptoms of PJS include
abdominal pain, rectal bleeding, intussusception,
and mucocutaneous pigmentation. The nine-monthold infant in this study suffered recurrent PRPs for
one month. No mucocutaneous pigmentation was
detectable in any part of the patient’s body, and she
only had growing PRPs. Colonoscopy revealed five
intestinal polyps, two of which were giant polyps.
For large polyp (≥ 2 cm) removal, endoscopic
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surgical intervention for the children with PJS.

polyps were removed using minimal-access surgical
techniques under laparoscopy. For our patient, surgery
may have been the best choice to avoid perforation
and sepsis.
Bleeding and perforation are common adverse
events in polyposis patients after endoscopy.
Bleeding from the large feeding vessels could induce
unexpected hypovolemic shock, especially in young
toddlers. Perforation can occur during or after re
section. Immediate perforation occurs due to deep
resection, whereas delayed perforation occurs from a
[18]
rupture of the wall caused by coagulation necrosis .
In our study, the PJS infant had intestinal perforation,
serious pneumoperitoneum and sepsis. The large
intestine is full of detrimental bacteria, especially
Escherichia coli. Migration of Escherichia coli into the
blood stream from a perforation site can lead to sepsis.
For large polyp removal, careful examination is very
important. Performing timely postoperative abdominal
examination, abdominal X-ray and ultrasound aids in
the early detection of complications. There are fewer
risks of sepsis and other complications if bleeding and
perforation are found earlier.
For children with PJS, especially infants, muco
cutaneous pigmentation may develop after birth or
later. It is difficult to distinguish PJS from other polyp
syndromes if mucocutaneous pigmentation presents
late. Pathological examination and STK11 gene testing
[19]
are the gold standards for PJS diagnosis . The patient
in this study was initially diagnosed with juvenile
polyposis syndrome; however, pathological examination
of the polyps led to a diagnosis of PJS. STK11 gene
testing further confirmed this diagnosis. This PJS patient
had a de novo, novel frameshift STK11 gene mutation.
This type of truncating mutation in PJS is associated
with the presence of more polyps, as well as increased
[20]
risks of surgical intervention and cancer . Therefore,
additional follow-up of this child and similar patients is
needed in the future
In conclusion, we have detailed the first case of PJS
occurring in a Chinese infant without mucocutaneous
pigmentation. For infants with PJS, the treatment
strategy should be individualized, and careful post
operative examination should be conducted. Path
ological and genetic testing is also indispensable.

Innovations and breakthroughs

This is the first study to report the youngest PJS infant in China without
mucocutaneous pigmentation, and her clinical information, laboratory data,
image data, pathological images are also described in detail. STK11 gene
sequencing results confirmed that this infant had PJS with a novel, de novo
mutation. Further, systematic literature concerning pediatric PJS is analyzed
and explained.

Applications

The present study suggested that for patients with multiple polyps,
histopathological examination and gene testing are essential. This article also
gives some thoughts on management of the children, especially infants with
PJS cost-effectively.

Terminology

PJS refers to a rare autosomal dominant inherited disorder characterized by
gastrointestinal hamartomatous polyposis, mucocutaneous pigmentations, and
high risk of cancer. Germline mutations of STK11 gene are the main cause of
PJS.

Peer-review

The authors described a PJS infant with an STK11 gene mutation who
developed intestinal perforation following endoscopic polypectomy.
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Abstract
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AIM: To investigate the frequency of mutations in precore (pre-C) and basic core promoter (BCP) regions of
hepatitis B virus (HBV) from Shanxi Province, and the
association between mutations and disease related
indexes.
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METHODS: One hundred chronic hepatitis B patients
treated at Shanxi Province Hospital of Traditional
Chinese Medicine were included in this study. PCRreverse dot blot hybridization and mismatch amp
lification mutation assay (MAMA)-PCR were used to
detect the mutations in the HBV pre-C and BCP regions.
HBV DNA content and liver function were compared
between patients with mutant HBV pre-C and BCP loci
and those with wild-type loci. The consistency between
PCR-reverse dot blot hybridization and MAMA-PCR for
detecting mutations in the HBV pre-C and BCP regions
was assessed.
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RESULTS: Of the 100 serum samples detected, 9.38%
had single mutations in the pre-C region, 29.17%
had single mutations in the BCP region, 41.67%
had mutations in both BCP and pre-C regions, and
19.79% had wild-type loci. The rates of BCP and pre-C
mutations were 65.7% and 34.3%, respectively, in
hepatitis B e antigen (HBeAg) positive patients, and
84.6% and 96.2%, respectively, in HBeAg negative
patients. The rate of pre-C mutations was significantly
higher in HBeAg negative patients than in HBeAg
2
positive patients (χ = 26.62, P = 0.00), but there was

Correspondence to: Xiao-Ling Wang, MD, Department of
Clinical Laboratory, Shanxi Provincial Hospital of Traditional
Chinese Medicine, 46 Bingzhou West Street, Yingze District,
Taiyuan 030012, Shanxi Province,
China. wangxiaoling24@163.com
Telephone: +86-351-4668392

WJG|www.wjgnet.com

3268

March 21, 2016|Volume 22|Issue 11|

Wang XL et al . Pre-core and basic core promoter mutations of HBV

no significant difference in the distribution of mutations
in the BCP region between HBeAg positive and
2
negative patients (χ = 2.43, P = 0.12). The presence
of mutations in the pre-C (Wilcoxon W = 1802.5, P
= 0.00) and BCP regions (Wilcoxon W = 2906.5, P
= 0.00) was more common in patients with low HBV
DNA content. Both AST and GGT were significantly
higher in patients with mutant pre-C and BCP loci than
in those with wild-type loci (P < 0.05). PCR-reverse
dot blot hybridization and MAMA-PCR for detection
of mutations in the BCP and pre-C regions had good
consistency, and the Kappa values obtained were 0.91
and 0.58, respectively.

carriers in China, and the incidence of hepatitis B
[3]
was 79.46 per 100000 people ; in Shanxi Province,
the incidence of hepatitis B was 119.34 per 100000
people, and the mortality and case fatality rates were
[4,5]
0.03 per 100000 people and 0.03%, respectively .
HBV infection not only has an enormous impact on
patient health, but also places a huge economic
burden to the patient’s family.
At present, hepatitis B e antigen (HBeAg) has
been clinically used as one of indicators for active
HBV replication in patients with chronic hepatitis B.
Main laboratory indicators for monitoring changes in
illness status and treatment efficacy include serum
immunological indicators, liver function and HBV DNA
load; however, it is difficult to explain why patients with
serum immunological indicators turning negative have
no actual disease remission and why immunological
indicators are not consistent with biochemistry indexes
(liver function) or viral load. Many scholars have found
that the condition of some HBeAg negative hepatitis B
[6-8]
patients is not stable and is even aggravated . Such
HBeAg negative patients are in a state of HBV infection
in their whole life, and have active HBV replication
and sustained liver function injury. This phenomenon
is related with mutations in the pre-core (pre-C;
nts1814-1900) and core promoter (CP; nts1613-1849)
[9-15]
regions of HBV genome
. Among these mutations,
the pre-C mutation nt1896G/A is common, resulting
[16,17]
in the early termination of HBeAg translation
. The
simultaneous presence of nt1762A/T and nt1764G/A
mutations in the basic core promoter (BCP) region
of HBV can lead to a 50%-70% decrease in the
RNA transcription level in the pre-C region, and the
[12,18,19]
strengthening of viral replication
. However,
there are currently no reliable epidemiological data
about mutations in the pre-C and BCP regions, and
the research on the impact of these mutations on the
progression of hepatitis B related diseases is lacking.
The present study adopted PCR-reverse dot blot
hybridization and mismatch amplification mutation
assay (MAMA)-PCR to detect the pre-C mutation
nt1896G/A and nt1762A/T and nt1764G/A mutations
in the BCP region in chronic hepatitis B patients,
investigating the frequency of mutations in the pre-C
[20,21]
and BCP regions
. Based on serum immunological
indexes, liver function and HBV DNA load, we also
explored the correlation of these mutations with
disease related indexes.

CONCLUSION: HBeAg negative patients tend to have
HBV pre-C mutations. However, these mutations do
not cause increased DNA copies, but associate with
damage of liver function.
Key words: Basic core promoter region; Pre-core region;
Liver injury; Reverse dot blot hybridization; Mismatch
amplification mutation assay
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is no exact evidence about the
frequency of mutations in hepatitis B virus (HBV)
pre-C and basic core promoter (BCP) regions of
HBV in Shanxi Province and the correlation between
mutations and disease-related indicators. Here, we
found that the frequency of pre-C mutations was
higher in hepatitis B e antigen (HBeAg) negative
patients, and liver function parameters AST and GGT
in the mutation group were higher than those in
the wild-type group; however, DNA replication did
not increase in the presence of HBV pre-C and BCP
mutations. Taken together, HBeAg-negative patients
tend to have HBV pre-C mutation. However, these
mutations do not cause increased DNA copies, but
associate with liver function damage.
Wang XL, Ren JP, Wang XQ, Wang XH, Yang SF, Xiong Y.
Mutations in pre-core and basic core promoter regions of hepatitis
B virus in chronic hepatitis B patients. World J Gastroenterol
2016; 22(11): 3268-3274 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i11/3268.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i11.3268

INTRODUCTION

MATERIALS AND METHODS

Hepatitis B virus (HBV) infection is a worldwide
epidemic and public health problem. According to data
from the World Health Organization, approximately 2
billion people worldwide were ever infected with HBV,
[1,2]
including 360 million people with chronic infection .
Sero-epidemiological data of hepatitis B in 2010 show
that there were 93 million hepatitis B surface antigen

Sample collection

WJG|www.wjgnet.com

One hundred serum samples were collected from
patients with chronic hepatitis B treated at Shanxi
Provincial Hospital of Traditional Chinese Medicine
from April 2014 to October 2014. All patients met the
2010 diagnostic criteria for chronic hepatitis B, and
patients with other liver diseases such as autoimmune
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HBV BCP and
pre-C wild
type 19
19.79%

HBV both BCP
and pre-C
mutations 40
41.67%

HBV BCP
region
mutations 28
29.17%

HBV pre-C
region
mutations 9
9.38%

Figure 1 hepatitis B virus basic core promoter and pre-C mutation distribution. HBV: hepatitis B virus; BCP: basic core promoter.

labelled primers, PCR products were hybridized with
specific probes coated on nylon membranes. Unbound
PCR products were then removed by washing, followed
by color development to detect the pre-C ntA1896
and ntA1899 mutations, as well as ntT1762/A1764
mutations in the BCP region. If a positive signal was
yielded by the wild-type probe, the locus was regarded
as the wild-type; if a positive signal was yielded by
a mutant probe, the locus was considered to have
the corresponding mutation; if a positive signal was
yielded only in the CC dot and all other dots had
negative signals, HBV-DNA negativity was considered
or the content was below the lower detection limit of
the kit; if negative signals were yielded by different
probes for the same locus and positive signals were
yielded by probes 7 and 8, the presence of other
mutations was considered. All assays were performed
in strict accordance with the instructions provided with
the kit.

hepatitis, HCV infection, HDV infection, primary biliary
cirrhosis, hemochromatosis, alcoholic hepatitis and
uncontrolled diabetes were excluded. The mean age of
the patients was 40 ± 17 years. There were 54 men
and 47 women. Fasting blood samples (5 mL) were
drawn in the morning and centrifuged to separate
serum. Serum samples were preserved at -80 ℃ for
detection. The laboratory in which serum samples were
detected has obtained the laboratory accreditation
certificate issued by the China National Accreditation
Service for Conformity Assessment and the certificate
of conformity for Clinical Gene Amplification Testing
Laboratory.

Instrument and reagents

PCR-reverse dot blot hybridization was performed
3
with a commercial kit (detection sensitivity, 5 × 10
IU/mL) provided by DAAN Gene (Guangzhou, China),
using an ABI Prism 7500 fluorescence quantitative
PCR system, an Hema 3200 PCR thermal cycler, a
DA-8000 nucleic acid hybridization apparatus, and
an SHA-CA thermostatic water bath oscillator (Feipu,
Changzhou, China). MAMA-PCR was performed with a
3
commercial kit (detection sensitivity, 1 × 10 IU/mL)
provided by BIOTGENE (Wuhan, China), using an ABI
Prism 7500 fluorescence quantitative PCR system.
HBV serum immunological markers were detected
with a kit (detection sensitivity, 0.006 NCU/mL)
provided by Chemclin Biotech (Beijing, China) using
a CHEMCLIN1500 chemiluminescence system. Liver
function parameters were detected using reagents
for ALT, AST, GGT, ALP, ALB and TP obtained from
Beckman Coulter AU, and reagents for DBIL and
total bilirubin obtained from Wako (Japan), using
a Beckman Coulter AU5821 automatic biochemical
analyzer.

MAMA-PCR

Two pairs of primers targeting the pre-C region of HBV
(primers A and B) and a specific probe were used to
perform MAMA-PCR in the presence of thermostable
DNA polymerase, dNTPs and PCR buffer. The presence
of pre-C ntA1896 and ntT1762/A1764 mutations or
not was judged based on the difference in Ct values
obtained using primers A and B. If the amplification
curve for sample PCR reaction tube A was not in
“S” shape or Ct (A) value was > 36, the content of
HBV DNA in the sample was considered to be below
the lower detection limit; |Ct(A)-Ct(B)| ≤ 7.00
suggested the presence of ntA1896 and ntT1762/
A1764 mutations; |Ct(A)-Ct(B)| > 7.00 suggested the
presence of wild-type ntA1896 and ntT1762/A1764
loci or the level of mutations was below the lower
detection limit.

PCR-reverse dot blot hybridization

Statistical analysis

Specific primers and probes targeting the pre-C and
BCP regions of HBV were designed. Nylon membrane
were coated with specific probes in advance. After
target fragments were amplified by PCR using biotin
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Statistical analyses were performed by normal
2
distribution test, fourfold table χ test (corrected),
rank sum test for two independent samples, and
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Table 1 Hepatitis B virus DNA content and liver function indexes
Parameter

HBV DNA (IU/mL)

ALT

AST

TBIL

DBIL

ALP

GGT

6.64
2.48

45
69

55
57

15.8
9.8

5.05
4.35

96.0
51.3

36
52

Median
Interquartile range

ALB

TP

43
5.3

72
7

Normal distribution test, P < 0.10 for all. HBV: Hepatitis B virus.

Table 2 Distribution of mutations in the basic core promoter and pre-C regions of hepatitis B virus according to hepatitis B e
antigen status
BCP region
HBeAg

Mutations

WT

46
22
68

24
4
28

+
-

Total

Total

χ 2 (corrected)

P value

70
26
96

2.43

0.12

Pre-C region
Mutations

WT

24
25
49

46
1
47

Total

χ 2 (corrected)

P value

70
26
96

26.62

0.00

BCP: Basic core promoter; WT: Wild-type; HBeAg: Hepatitis B e antigen.

Table 3 Comparison of hepatitis B virus DNA contents between patients with mutant basic core promoter or pre-C loci and those
with wild-type loci

DNA content

BCP region

No. of cases

Mean rank

Mutations
WT
Total

68
28
96

42.74
62.48

Wilcoxon
2906.5

P value

Pre-C region

No. of cases

Mean rank

Wilcoxon

P value

0.00

Mutations
WT
Total

49
47
96

36.79
60.71

1802.5

0.00

BCP: Basic core promoter; WT: Wild-type.

consistency test.

patients, and 96.2% in HBeAg negative patients.
The rate of pre-C mutations was significantly higher
in HBeAg negative patients than in HBeAg positive
2
patients (continuously corrected χ test, P = 0.00)
(Table 2).

RESULTS
HBV DNA content and liver function indexes

The HBV content and liver function indexes for the
included patients are presented in Table 1.

Association of mutations in the BCP and pre-C regions
of HBV with HBV DNA content

Mutations in the BCP and pre-C regions of HBV

There were significant differences in HBV DNA contents
between patients with mutant BCP or pre-C loci and
those with wild-type loci (rank sum test, P = 0.00 for
both), and the HBV DNA content was higher in patients
without mutations than in those with mutations (Table
3).

Of the 100 serum samples detected, 100 were positive
for HBV DNA, and the HBV DNA content ranged from
3.11 to 8.99 IU/mL; 70 were positive for HBeAg.
PCR-reverse dot blot hybridization assay showed that
BCP mutations were not detected in 4 cases. Of the
remaining 96 cases, 9.38% had single mutations in
the pre-C region, 29.17% had single mutations in the
BCP region, 41.67% had mutations in both BCP and
pre-C regions, and 19.79% had wild-type loci (Figure
1).

Association of mutations in the BCP and pre-C regions
of HBV with liver function

Both AST and GGT were significantly higher in patients
with mutant BCP loci than in those with wild-type loci
(rank sum test, P = 0.00 for both) (Table 4). Both AST
and GGT were also significantly higher in patients with
mutant pre-C loci than in those with wild-type loci (rank
sum test, P = 0.00 and 0.01, respectively) (Table 5).

Association of mutations in the BCP and pre-C regions
of HBV with HBeAg status

The rate of BCP mutations was 65.7% in HBeAg
positive patients, and 84.6% in HBeAg negative
patients. There was no significant difference in the
distribution of mutations in the BCP region of HBV
between HBeAg positive and negative patients
2
(continuously corrected χ test, P = 0.12). The rate
of pre-C mutations was 34.3% in HBeAg positive

WJG|www.wjgnet.com

Comparison of consistency of two methods for
detection of mutations in the BCP and pre-C regions of
HBV

The results of PCR-reverse dot blot hybridization (DAAN
method) and MAMA-PCR (BIOTGENE method) for
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Table 4 Comparison of liver function between patients with mutant or wild-type basic core promoter loci
Item

AST

BCP region

No. of cases

Mean rank

WT
Mutant
Total

28
68
96

33.75
53.96

GGT
Wilcoxon
945.0

P value

Mean rank

Wilcoxon

P value

0.00

33.0
54.8

924.0

0.00

BCP: Basic core promoter; WT: Wild-type.

Table 5 Comparison of liver function between patients with mutant or wild-type pre-C loci
Item

AST

GGT

No. of cases

Mean rank

Wilcoxon

P value

Mean rank

Wilcoxon

P value

47
49
96

40.55
55.29

1906.0

0.00

41.33
55.38

1942.5

0.01

pre-C loci
WT
Mutant
Total
WT: Wild-type.

Table 6 Consistency of two methods for detection of mutations in the basic core promoter and pre-C regions of hepatitis B virus
BIOTGENE for BCP region Total Kappa P value
DAAN for
BCP region

WT
Mutant
Total

WT
23
1
24

Mutant
2
50
52

25
51
76

BIOTGENE for pre-C region Total Kappa P value
DAAN for
pre-C region

0.91

0.00

WT
Mutant
Total

WT
29
11
40

Mutant
5
31
36

34
42
76

0.58

0.00

BCP: Basic core promoter; WT: Wild-type.

[15]

a peptide fragment . It is traditionally believed that
HBeAg level is consistent with the activity of viral DNA
polymerase, and is therefore regarded as one of the
markers of HBV replication and infectivity. However,
recent studies found that the mutations in the pre-C
region can affect the synthesis and secretion of
HBeAg by HBV. In this study, HBeAg negative patients
had a rate of mutations in the pre-C region as high
as 96.2%, as well as liver dysfunction. Thus, the
traditional view regarding HBeAg negative patients
should be modified, so as not to ignore the continued
injury to liver cells caused by HBV in such patients.
HBV BCP region encodes HBcAg, which is ex
pressed on the membrane surface of liver cells, has
[25-27]
strong antigenicity and can induce CTL response
.
In this study, the distribution of BCP mutations did
not differ significantly between HBeAg positive and
negative patients. However, BCP mutations may cause
failed CTL activation and thereby aggravate liver injury
[28]
and liver dysfunction caused by HBV .
The finding that the presence of mutations in the
pre-C and BCP regions of HBV was more common in
patients with low HBV DNA content argues against
the traditional view that HBV DNA replication is
consistent with the liver injury. Low levels of HBV
DNA do not invariably mean mild liver injury. The
presence of mutations in the pre-C and BCP regions
of HBV in HBeAg negative patients with lower virus

detection of mutations in the BCP and pre-C regions
of HBV were compared by the consistency test (Table
6). The Kappa values were 0.91 and 0.58 (P = 0.00
for both), respectively. The two methods had good
consistency.

DISCUSSION
Patients with HBV infection have diverse clinical
manifestations. Some cases of chronic hepatitis
may evolve into liver cirrhosis or liver cancer due to
virus replication and evasion of the body’s immune
[8,18,22-24]
system
. In the present study, we selected
patients with chronic hepatitis B to detect the
mutations in the pre-C and BCP regions of HBV. It was
found that only 19.79% of chronic hepatitis B patients
had wild-type pre-C and BCP loci, and all the others
had mutations in the pre-C or BCP region. HBeAg
negative patients had a higher rate of mutations
in the pre-C region and more severe AST and GGT
abnormalities; however, the HBV DNA content was not
significantly higher in patients with mutations in the
pre-C or/and BCP regions than in those with wild-type
pre-C and BCP loci.
The translation of HBeAg precursor begins with
the first codon of the pre-C gene. HBeAg precursor
consists of 210 amino acids and can form secreted
HBeAg, which exists in serum, after the cleavage of

WJG|www.wjgnet.com
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Province, and the association between these mutations and disease related
indexes. The authors found that in HBeAg negative patients, pre-C mutation
rate was 96.2% and there was liver dysfunction, although the distribution of
BCP mutations was not significantly associated with HBeAg status.

replication can also aggravate liver injury, and ignoring
this problem may lead to disease progression to liver
[27]
cancer or cirrhosis .
This study also compared PCR-reverse dot blot
hybridization and MAMA-PCR for detecting mutations
in the pre-C and BCP regions of HBV and found that
they had good consistency. However, the consistency
between them for detection of mutations in the pre-C
region was poorer than that for detection of mutations
in the BCP region. PCR-reverse dot blot hybridization
can provide more information about mutations in the
pre-C and BCP regions, especially the information
about heterozygous mutations in the pre-C region.
For virus strains with inconsistent results, further DNA
sequencing is required.
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Abstract

Institutional review board statement: The study protocol and
informed consent forms were approved by the Internal Review
Board (Ethics Committee of the Friedrich Schiller University
Jena, 2931-09/10).

AIM: to prospectively analyze the impact of increased
intestinal permeability (IP) on mortality and the
occurrence of infections in patients with cirrhosis.

Informed consent statement: Written informed consent was
obtained by all patients.

METHODS: IP was quantified using the lactulose/
mannitol (L/M) test in 46 hospitalized patients with
cirrhosis (25 Child-Pugh A/B, 21 Child-Pugh C) and
in 16 healthy controls. Markers of inflammation [LPSbinding protein, Interleukin-6 (IL-6)] and enterocyte
death [intestinal fatty-acid binding protein (I-FABP)]
were determined in serum using enzyme-linked
immunosorbent assays. Patients were followed for one
year and assessed for survival, liver transplantation,
the necessity of hospitalization and the occurrence of
bacterial infections. The primary endpoint of the study
was defined as differences in survival between patients
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with pathological and without pathological lactulose/
mannitol test.

sugar tests of small intestinal permeability are poor predictors
of bacterial infections and mortality in cirrhosis: a prospective
study. World J Gastroenterol 2016; 22(11): 3275-3284 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i11/3275.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3275

RESULTS: Thirty-nine (85%) patients with cirrhosis
had a pathologically increased IP index (L/M ratio
> 0.07) compared to 4 (25%) healthy controls (P
< 0.0001). The IP index correlated with the ChildPugh score (r = 0.484, P = 0.001) and with serum
IL-6 (r = 0.342, P = 0.02). Within one year, nineteen
(41%) patients developed a total of 33 episodes of
hospitalization with bacterial or fungal infections.
Although patients who developed spontaneous
bacterial peritonitis (SBP) (n = 7) had a higher IP
index than patients who did not (0.27 vs 0.14, P =
0.018), the baseline IP index did not predict time to
infection, infection-free survival or overall survival,
neither when assessed as linear variable, as tertiles,
nor dichotomized using an established cut-off. In
contrast, model for end-stage liver disease score,
Child-Pugh score, the presence of ascites, serum IL-6
and I-FABP were univariate predictors of infection-free
survival.

INTRODUCTION
Bacterial infections are diagnosed in 25% to 47%
[1-4]
of hospitalized patients with cirrhosis
and have
been shown to be an important risk factor for acute
[5]
[6]
decompensation
and mortality . A relevant
mechanism, which contributes to bacterial infections
in patients with decompensated cirrhosis, is the
phenomenon of pathological bacterial translocation,
where bacteria and bacterial products translocate
from the lumen of the gastrointestinal tract through
the intestinal wall into mesenteric lymph nodes
[7-9]
and the systemic circulation
. Whereas healthy
subjects are capable to control bacterial translocation
via various immunological barriers, pathological
bacterial translocation frequently escalates to systemic
inflammation and bacterial infections due to several
[10]
immunological dysfunctions as reviewed elsewhere .
Increased intestinal permeability (IP) is a frequently
[11-13]
observed phenomenon in patients with cirrhosis
and is believed to contribute to pathological
[14]
bacterial translocation in cirrhosis . It correlates
with portal hypertension as well as with systemic
[15]
inflammation . Catabolic and inflammatory stressors
affect the intestinal epithelial barrier and contribute
[16-18]
to pathological IP
. As a result, increased bacterial
translocation and induced proinflammatory cytokines
leading to alterations of the structure of apical adhesion
complexes as well as edema, fibromuscular and
vascular proliferation, widening of intercellular space
and an enlarged muscularis mucosae augment the
[14,19]
destruction of the intestinal integrity
likely in a selfperpetuating manner. Since it is not known, whether
increased IP is the cause or the result of pathological
bacterial translocation in cirrhosis, the assessment of
IP as a clinical test to predict complications in cirrhosis
is controversial.
In some clinical studies, increased IP has been
correlated with spontaneous bacterial peritonitis
(SBP) and bacteremia mainly in retrospective cohort
[8,20]
studies
, which could not be replicated in one
[21]
[15]
prospective study . In a recent report
altered IP
was associated with variceal bleeding but not with
mortality questioning a clinically significant association
with bacterial infections. Against that background, we
performed a cohort study to prospectively assess the
impact of IP on bacterial infections and mortality in
cirrhosis and to compare its predictive accuracy with
serum surrogate markers of systemic inflammation

CONCLUSION: Although increased IP is a frequent
phenomenon in advanced cirrhosis and may predispose
to SBP, it failed to predict infection-free and overall
survival in this prospective cohort study.
Key words: Intestinal permeability; Liver cirrhosis;
Lactulose/mannitol ratio; Spontaneous bacterial
peritonitis; Bacterial translocation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Increased intestinal permeability (IP) is a
frequent phenomenon in patients with cirrhosis and
has been linked to pathological bacterial translocation,
bacterial infections and mortality in retrospective
studies. In this prospective study on 46 patients
with cirrhosis we show that increased small-bowel
IP, quantified using the lactulose/mannitol test, is
frequently observed and correlates with inflammation
and Child-Pugh stage. Although a higher IP index
indicated an increased risk for developing spontaneous
bacterial peritonitis, it failed to predict the predefined endpoints infection-free and overall survival.
In contrast, the model for end-stage liver disease and
Child-Pugh score, the presence of ascites, and higher
serum levels of interleukin-6 or intestinal fatty-acid
binding protein were significant univariate predictors
of infection-free survival. Thus, the high prevalence
of pathological test results in advanced cirrhosis and
the lack of association with mortality limit the use of
dual-sugar tests as tool for risk stratification in clinical
practice.
Vogt A, Reuken PA, Stengel S, Stallmach A, Bruns T. Dual-
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and a marker of enterocyte damage.

GANZIMMUN Diagnostics AG (Frankfurt, Germany)
to determine the lactulose and mannitol concentration
in the 5 h urine collection. The IP index (lactulose/
mannitol ratio) was calculated for each study subject
using the following formula:

MATERIALS AND METHODS
Study population

During November 2010 and March 2012, 46 con
secutive hospitalized patients with liver cirrhosis,
defined by the combination of clinical, analytic and
imaging criteria, were included in the study. Exclusion
criteria were gastrointestinal bleeding, the use of
antibiotics, steroids or immunosuppressive drugs or
drinking alcohol within the last two weeks. Written
informed consent was given by all patients. The study
protocol was approved by the Internal Review Board
(Ethics Committee of the Friedrich Schiller University
Jena, 2931-09/10). Etiology of the liver cirrhosis, age,
gender, grade of ascites and hepatic encephalopathy,
concurrent medication, history of SBP and vital
parameters of the patients were assessed on the
day of inclusion. Components of the model for endstage liver disease (MELD) score and the Child-Pugh
score were assessed using routine laboratory data. To
assess intestinal permeability, lactulose/mannitol test
was performed as described below. Serum samples
were collected at the day of inclusion and stored at
-80 ℃ until further analysis. Patients were followedup for a maximum of 365 d and assessed for survival,
liver transplantation, the necessity of hospitalization
and the occurrence of bacterial infections. As a control
group, 16 healthy volunteers were enclosed. All of
them had an inconspicuous medical history without
gastrointestinal abnormalities, infections, liver disease,
history of major intestinal surgery or alcohol abuse
and were not allowed to have taken antibiotics or antiinflammatory drugs within the last month.
The primary end-point of the study was defined as
differences in 90-d mortality rates between patients
with pathological and without pathological lactulose/
mannitol test. Owing to few events within 90 d (4
deaths), the observation period was extended to
one year and differences in survival between both
groups were analyzed. Secondary endpoints were the
occurrence of bacterial infections, occurrence of SBP
and the number of hospitalizations.

IP index = recoverylac/recoveryman =
clac × V/5 g/cman × V/2g
Pathologically increased IP was defined by an IP
[23]
index greater than 0.07 .

Serum analysis

From each patient, a maximum of 9 ml of whole blood
were taken, allowed to clot at room temperature over
30 min, centrifuged for 10 min at 1000 rcf and serum
was stored at -80 ℃ until further analysis. Enzymelinked immunoassays (ELISA) were used to asses the
concentrations of intestinal fatty acid-binding protein
(I-FABP), lipopolysaccharide-binding protein (LBP) and
interleukin-6 (IL-6) in serum. I-FABP concentrations
were determined in diluted samples using the human
I-FABP ELISA Kit (Hycult biotech, Uden, Netherlands)
providing a lower limit of detection (LOD) of 47
pg/ml. IL-6 was determined using the human IL-6
ELISA kit (RayBiotec, Norcross, United States) in
undiluted samples (LOD 3 pg/ml). LBP was analyzed
using the human LBP ELISA Kit (Hycult biotec, Uden,
Netherlands) using serially diluted samples (LOD 4.4
[24]
ng/ml) as described . Absorbance was measured
®
in 96-well plates on a photospectrometer (Infinite
200 Pro, TECAN, Männedorf, Switzerland) at 450 nm.
Sample volumes were insufficient to determine I-FABP
concentration in 10 samples.

Statistical analysis

The statistical analyzes were performed using SPSS
22 (IBM, Armonk, NY, United States) and Prism 5
(GraphPad, La Jolla, CA, United States). Bivariate
nonparametric correlation analysis (Spearman’s rho,
rs) was performed to identify correlations between IP
index and continuous or ordinal variables. To compare
two groups we used Wilcoxon-Mann-Whitney tests
for continuous and Fisher’s exact test for nominal
variables. Time-to-event variables were displayed by
the Kaplan Meier method and groups were contrasted
by Log-rank tests and Cox regression analyses.
Continuous variables were assessed as linear and
dichotomized predictors according to the maximum
Youden index in receiver operating characteristics
(ROC) analysis or presented as quantiles if not
assessable in this way. Multiple stepwise-forward Cox
regression analysis was performed using dichotomized
variables, which met p < 0.05 in univariate analysis
and which were available for the total cohort. We
applied a two-sided significance level p = 0.05 and
did not correct for multiple testing due to the limited

Lactulose/mannitol test

After overnight fasting, the patients and controls were
instructed to drink 100 ml of a solution consisting of
2 g mannitol and 5 g lactulose with 40 g glucose as
[21,22]
an osmotic filler
. Concomitant medication with
lactulose was stopped two days before the test. Urine
was collected over 5 h and the volume was measured.
Two aliquots of 9 ml urine each were centrifuged
for 5 min (700 rcf, 20 ℃) and cell-free supernatants
were stored at -20 ℃. High performance liquid
chromatography analysis (Hitachi High Technology,
Schaumburg, IL, United States) was performed by
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A

Table 1 Patients characteristics at baseline (n = 46) n (%)

P < 0.0001
0.6

P < 0.01

Median (range)/frequency
0.5

59 (42-81)
28 (61)

0.4
IP index

33 (72)
6 (13)
7 (15)
9 (20)
10 (22)

0.3
0.2
0.1

6 (13)
19 (41)
21 (46)
31 (67)
9 (5-14)
15 (6-27)
61.4 (4-429)
1.4 (0.9-2.6)
114 (43-533)
23.1 (2-112.4)
28 (17-51)
135 (125-144)
6.3 (1.2-22.2)
135 (29-442)
1.41 (0.33-20.86)
1.6 (0.4-8.8)

0.0
Controls

B

Child A/B

Child C

30
rs = 0.278

P = 0.06

25

MELD-score

Age (yr)
Male sex
Etiology
Alcoholic liver disease
Viral hepatitis
Other
Comorbidity
Hepatocellular carcinoma
Diabetes
Child-Pugh stage
A
B
C
Ascites
Child-Pugh score
MELD score
Bilirubin (µmol/L)
International normalized ratio
Creatinine (µmol/L)
CrP (mg/L)
Albumin (g/L)
Sodium (mmol/L)
White blood cells (Gpt/L)
Platelets (Gpt/L)
Alanine aminotransferase (µmol/L*s)
Aspartate aminotransferase (µmol/L*s)
Medication
Non-selective beta blockers
Lactulose
Proton pump inhibitors
Terlipressin
Acetylsalicylic acid

19 (41)
21 (46)
36 (78)
1 (2)
5 (11)

20

15

10

5

0.0

0.1

0.2

0.3

0.4

0.5

0.6

IP index

Median and range or frequency and percent are shown.

Figure 1 Intestinal permeability is impaired in cirrhosis and correlates
with severity. A: Boxplots (according to Tukey’s definition with outliers) of the
intestinal permeability (IP) index as determined by the lactulose/mannitol ratio
in healthy controls and in patients with cirrhosis stratified for Child-Pugh stage; B:
Scatter dot and non-parametric correlation (Spearman’s rho and p value) of IP
index with MELD score.

statistical power of this explorative observational study.

RESULTS
Baseline characteristics

Forty-six patients with liver cirrhosis were included.
Sixty-one percent (28/46) were male. The median
age was 59 years (range, 42-81) and the majority of
patients had alcoholic liver disease (72%, 33/46) with
advanced liver disease. The median Child-Pugh score
was 9 (range, 5-14), the median MELD score 15 (range,
6-27). Frequent comorbidities were diabetes (22%,
10/46) and hepatocellular carcinoma (20%, 9/46)
(Table 1). Among the 16 controls included, 44% (7/16)
were males. The median age of controls was 33 years
(range, 26-59).

score (rs = 0.484, p = 0.001) and its components
bilirubin (rs = 0.381, p = 0.009), albumin (rs = -0.339,
p = 0.021) and the international normalized ratio (INR,
rs = 0.445, p = 0.002) (Table 2). Because of lack of
association of the IP index with creatinine, a correlation
of the IP index with the MELD score failed the level
of statistical significance (Figure 1B). There was no
significant association the IP index with diabetes,
serum creatinine or co-medication with proton pump
inhibitors (PPI) or non-selective beta blockers (NSBB).

Lactulose/mannitol test

Inflammation and mucosal injury

Although there was no overall correlation of the IP
index with LBP serum concentrations (Figure 2A),
median LBP levels were significantly higher in patients
with pathological IP than in patients without (median
25 μg/ml vs 13 μg/ml, p = 0.01). In addition, higher
serum concentrations of IL-6 correlated with higher
IP index (Figure 2B). When serum was assessed
for concentrations of I-FABP, an enterocyte-specific

Thirty-nine (85%) patients with cirrhosis had path
ologically increased IP in contrast to four (25%) of
the healthy controls (p < 0.0001). In comparison to
controls patients with cirrhosis had higher lactulose
recovery (median 2.0% vs 0.6%, p = 0.005) alongside
lower mannitol recovery (11.2% vs 16.1%, p = 0.03).
The IP index was highest in patients with Child-Pugh
C cirrhosis (Figure 1A) and correlated with Child-Pugh
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infection or development of infection during hospital
stay. The most frequent infections were urinary tract
infections in 9 (20%) patients, SBP in 7 patients (15%),
spontaneous or secondary bacteremia/fungemia
in 6 (13%) patients (4 × Gram-positive cocci, 1
× E. coli, 1 × Candida spp.), Clostridium difficileassociated enterocolitis in 5 (11%) patients. Less
frequently observed infections were purulent skin
and soft tissue infections including wound infections
(n = 2), pneumonia (n = 1), campylobacter enteritis
(n = 1), spontaneous bacterial empyema (n = 1),
monomicrobial bacterascites (n = 1) and severe sepsis
with unknown focus (n = 1). The median time to
hospitalization for infection was 71 d (range, 17-302).
Patients who developed bacterial infection had
higher Child-Pugh score and higher MELD scores at
baseline, lower platelet count and higher I-FABP serum
concentration than patients who did not. The IP index
at baseline was not associated with the occurrence of
bacterial or fungal infection in general (Table 3). The
IP index was not higher in patients who urinary tract
infection (median 0.22 vs 0.15, p = 0.41), bacteremia/
fungemia (0.16 vs 0.19, p = 0.71) or Clostridium
difficile-associated enterocolitis (0.19 vs 0.18, p = 0.49)
compared to patients who did not.
However, patients who developed SBP had a
higher IP index (median 0.27) than patients who did
not (median 0.14, p = 0.018). The accuracy of the IP
index to identify patients with subsequent SBP [area
under the ROC curve (AUROC) 0.780, p = 0.02] were
comparable to the MELD score (AUROC 0.744, p =
0.04), Child-Pugh score (AUROC 0.736, p = 0.05),
serum I-FABP (AUROC 0.879, p = 0.03) or the platelet
count (AUROC 0.700, p = 0.10). When IP index was
stratified according to tertiles, the cumulative 1-year
incidences of SBP were 0%, 20% ± 13%, and 34% ±
12% (estimates ± standard error), in patients in the
lowest, median and highest tertile according to KaplanMeier analysis (p for linear trend = 0.016) (Figure
3A). The cumulative incidences of hospitalization for
infection did not significantly differ between patients
in the lowest (28% ± 12%), median (43% ± 13%),
and highest (63% ± 13%) tertile (p for linear trend =
0.096) (Figure 3B).

Table 2 Nonparametric correlation of the intestinal permeability
index with baseline laboratory data
Spearman’s rho
Age
Child-Pugh score
MELD score
Bilirubin
International normalized ratio
Creatinine
Serum albumin
Sodium
White blood cells
C-reactive protein
Platelets
Alanine aminotransferase
Aspartate aminotransferase

P value

-0.166
0.484
0.282
0.381
0.445
-0.214
-0.339
0.013
0.174
0.102
0.049
-0.063
0.347

0.270
0.0007
0.060
0.009
0.002
0.154
0.021
0.930
0.247
0.499
0.748
0.686
0.041

Table 3 Parameters at baseline stratified for the development
of hospitalization with infection within one year n (%)
Without subsequent With subsequent P value
infection
infection
Age (yr)
Male sex
Alcoholic liver
disease
Diabetes
Child-Pugh stage
A
B
C
Ascites
Child-Pugh score
MELD
CrP (mg/L)
Sodium (mmol/L)
White blood cells
(Gpt/L)
Platelets (Gpt/L)
IP index
Pathological IP index
LBP (µg/L)
IL-6 (pg/mL)
I-FABP1 (pg/mL)

(n = 27)
56 (42-78)
17 (63)
22 (81)

(n = 19)
60 (44-81)
11 (58)
11 (58)

0.220
0.770
0.100

7 (26)

3 (16)

0.490

6 (22)
11 (41)
10 (37)
14 (52)
9 (5-13)
12 (6-27)
16 (2-91)
136 (125-142)
6.1 (2.8-22.2)
159 (42-442)
0.14 (0.03-0.52)
23 (85)
18 (7-75)
37 (9-1791)
1161 (nd-8683)

0
8 (42)
11 (58)
17 (89)
10 (7-14)
17 (9-25)
17 (2-112)
136 (131-144)
6.5 (1.2-9.0)

0.070

99 (29-163)
0.22 (0.02-0.045)
16 (84)
24 (7-75)
64 (5-1191)
4036 (1520-8061)

0.020
0.250
1.000
0.720
0.360
0.005

0.010
0.046
0.0008
0.720
0.970
0.860

1

Serum IFABP levels were available from 36 patients. Median and range or
frequency and percent are shown. ND: Not detected.

marker of mucosal injury, I-FABP was higher than
the expected normal range (210-870 pg/ml) in 72%
(26/36) of patients. There was no evidence for a
correlation of I-FABP with the IP index (Figure 2C) or
with pathological IP (p = 0.61).

Survival and infection-free survival

Twenty-eight percent (13/46) of the patients died
within 365 d of follow-up after a median of 116 d. Nine
percent (4/46) underwent liver transplantation after
a median of 180 d. One patient was lost to follow-up
after 58 d, and three patients after 267-292 d. Among
the 19 patients who developed bacterial infection, 9
(47%) died within the observation period, in contrast
to 4 out of 27 (15%) patients who did not develop
infection (p = 0.02).
We observed 2 (29%) deaths in patients with
normal IP compared to 11 (28%) deaths in patients
with pathologically increased IP (p = 1.000). There

Development of infections

Within 365 d follow-up, 78% (36/46) of the patients
were hospitalized after a median of 42 d (range,
11-216 d) resulting in 111 hospitalizations with a total
duration of 1464 d. On average 2 hospitalizations per
patient with a median duration of 20 d were observed.
Nineteen (41%) patients had a total of 33 episodes of
hospitalization with admission for bacterial or fungal
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rs = 0.207
P = 0.168
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40
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IP index

C
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I-FABP [pg/mL]

8000

6000

4000

2000

0
0.0

0.2

0.4

0.6

IP index

Figure 2 Correlation of intestinal permeability index with surrogates of inflammation and enterocyte mass. Scatter dot plots of the intestinal permeability (IP)
index in cirrhotic patients with serum concentrations of (A) lipopolysaccharide-binding protein (LBP), (B) Interleukin-6 (IL-6) and (C) intestinal fatty acid binding protein
(I-FABP). Spearman’s rho and p value for the non-parametric correlation are indicated.

B

1.0

P for linear trend = 0.016

0.8

0.6

0.4

T3

0.2

T2

0.0

T1
0
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1.0

Cumulative incidence of infections

Cumulative incidence of SBP

A

P for linear trend = 0.096
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T3

0.6

T2

0.4

T1
0.2
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360

0
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90
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Figure 3 Cumulative incidence of bacterial infections. Kaplan-Meier curves displaying (A) the cumulative incidence of spontaneous bacterial peritonitis (SBP)
(censored at transplant or death; event at date of SBP) and (B) the cumulative incidence of bacterial or fungal infections (censored at transplant or death; event
at hospitalization with infection) according to the intestinal permeability (IP) index at baseline stratified by tertiles [lowest tertile: T1 (< 0.111), median tertile: T2
(0.111-0.226), highest tertile: T3 (> 0.226)]. Log-rank test for linear trends (T1 to T3) over strata is indicated.
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1.0
T1

Cumulative survival
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Cumulative transplant-free survival
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Figure 4 Survival and event-free survival. Kaplan-Meier curves of (A) cumulative survival (censored at transplant; event at death), (B) transplant-free survival (events
at death or transplants) and (C) infection-free survival (censored at transplant; events at hospitalization with infection or death) according to intestinal permeability (IP)
index at baseline stratified by tertiles [lowest tertile: T1 (< 0.111), median tertile: T2 (0.111-0.226), highest tertile: T3 (> 0.226)]. Log-rank test for linear trends (T1 to
T3) over strata is indicated.

was no significant correlation between pathological IP
and mortality (p = 0.82), transplant-free survival (p =
0.90) or infection-free survival (p = 0.90) according
to Kaplan-Meier analysis. Overall survival and
transplantation-free survival were lowest in patients in
the median tertile group compared to patients in the
highest and lowest tertile, and the transplantation-free
survival did not differ between the groups (Figure 4).
In contrast to the IP (AUROC 0.550, p = 0.56),
higher MELD score (AUROC 0.736, p = 0.006), higher
Child-Pugh score (AUROC 0.736, p = 0.006), and
higher I-FABP concentration (AUROC 0.774, p = 0.005)
were significantly associated with 1-year infection-free
survival when linearly assessed in ROC analysis and
also in Cox regression after dichotomization. Higher
serum IL-6 (AUROC 0.660, p = 0.06) showed a trend
for predicting infection-free survival when assessed as
linear continuous variable and was significant in a Cox
regression model after dichotomization. In multivariate
analysis only MELD score > 13 and the presence of
ascites at baseline predicted infection-free survival
(Table 4).
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DISCUSSION
In this prospective study, increased IP was associated
with more advanced liver disease and increased
systemic inflammation at baseline but failed to
predict adverse clinical outcome in a 1-year followup period when focusing on the endpoints mortality,
liver transplantation and infections. Because bacterial
infections are a common complication during disease
progression of cirrhosis and are accompanied by higher
[2,6]
mortality rates and prolonged hospital stays , reliable
predictors of infection are needed in order to identify
patients at the highest risk. Increased IP is understood
as a major contributor to bacterial infections in
[10]
cirrhosis and acute-on-chronic liver failure . However,
prospective studies directly showing a link between
the degree of IP in cirrhosis and clinical endpoints are
scarce.
To assess the degree of small-bowel IP, we applied
the frequently utilized lactulose/mannitol test. As
[11-13]
reported
, IP indices in patients with cirrhosis
were elevated when compared to healthy controls,
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Table 4 Predictors of the time to bacterial infection or death n (%)

MELD score1
≤ 13
> 13
Child-Pugh
Score1
≤7
>7
Ascites1
No
Yes
IL-61
≤ 35 pg/mL
> 35 pg/mL
I-FABP1,2
≤ 1300 pg/mL
> 1300 pg/mL

Bacterial infection or death within 1 yr

Univariate hazard ratio
(95%CI)

P value

Adjusted hazard ratio
(95%CI)

5/20 (25)
18/26 (69)

1.00 (reference)
4.45 (1.64-12.07)

0.003

1.00 (reference)
3.23 (1.18-8.83)

1/13 (8)
22/33 (67)

1.00 (reference)
13.63 (1.83-101.73)

0.010

Not included
(not significant)

2/15 (13)
21/31 (68)

1.00 (reference)
9.01 (2.10-38.70)

0.003

1.00 (reference)
6.95 (1.59-30.28)

4/17 (24)
19/29 (66)

1.00 (reference)
3.87 (1.31-11.47)

0.010

Not included
(not significant)

1/13 (8)
16/23 (70)

1.00 (reference)
13.85 (1.83-105.04)

0.010

Not included
(missing data2)

3

P value

0.02

0.01

Parameters were dichotomized according to the optimum cut-off from ROC analysis using maximum Youden index; 2Serum IFABP levels were available
from 36 patients; 3Dichotomized parameters from univariate analysis were included in a forward-stepwise Cox regression model (p for inclusion < 0.05).
1

and the IP index in patients correlated with the
severity of liver cirrhosis as quantified by the ChildPugh score and its components. The prevalence of
pathological IP in our study (85%) was within range
[13,15]
reported (62%-100%)
but exceeded prevalences
51
reported with the Cr-EDTA test ranging from 31% in
[8]
compensated to 60% in decompensated cirrhosis .
Although the use of oral sugar tests to assess global
intestinal permeability and the risk of pathological
[25]
bacterial translocation in cirrhosis is debatable , the
results of the lactulose/mannitol test correlated with
degree of portal hypertension and improved after
[15]
NSBB therapy in a recent study . In our study, IP was
associated with surrogates of endotoxemia (LBP) and
IL-6 supporting the validity of the lactulose/mannitol
to assess pathological bacterial translocation (BT)
and its pro-inflammatory consequences in cirrhosis.
Particularly, its association with higher LBP levels,
[26]
which predicted decompensation
and bacterial
[27]
infections
in some studies, might therefore suggest
a prognostic relevance of increased IP in patients
with cirrhosis. However, in our study only surrogates
of liver function (MELD score, Child-Pugh score) and
consequences of portal hypertension (ascites, low
platelet count, high I-FABP) but not the degree of IP
was significantly associated with the development of
infections.
Because an arbitrary cut-off of the IP index may
not be appropriate to assess IP in cirrhosis, we
performed analysis for the L/M ratio assessed as linear
variable, as quantiles and dichotomized using an
[15]
established cut-off . In none of these approaches,
the IP index was able to predict the predefined clinical
endpoints within one-year of follow-up in contrast
to the evaluated prognostic indices and serum
markers. Our results go in line with the prospective
[21]
study of Benjamin et al , who were not able to

WJG|www.wjgnet.com

demonstrate an association between increased IP and
subsequent complications, including bacterial infections,
hepatic encephalopathy, hepatorenal syndrome or
variceal bleeding in cohort with a lower incidence
of pathological IP (35%) using a cut-off of 0.037.
Although we did observe an association of higher IP
index at baseline with the development of SBP, the
diagnostic accuracy of the IP index to predict SBP was
comparable to the MELD score providing no additional
information over established prognostic indices. In
addition, this study was underpowered to assess an
association of IP with specific infectious complications
but even with mortality. In order to detect differences
in outcome events between 5% in patients with
normal IP and 20% in patients with pathological IP
with a statistical power of 0.85 using Fisher’s exact
test, we would have needed to include about 360
patients given the observed prevalence of pathological
IP (15%) based on two-sided Fisher’s exact tests at a
significance level p = 0.05.
Therefore, in contrast to assessing IP, other
biomarkers of enterocyte mass and function, such as
I-FABP, seem more appropriate to estimate the clinical
outcome of patients suffering from cirrhosis. To our
knowledge, this study is the first to demonstrate an
association of I-FABP with the development of bacterial
infections and with infection-free survival in cirrhosis.
I-FABP is specifically stored in enterocytes and released
in case of enterocytes death during inflammatory
[28,29]
and ischemic processes
. Similar to the IP index,
higher circulating I-FABP levels are associated with
the degree of portal hypertension as assessed by the
[30]
portal vein diameter . In addition, elevated I-FABP
levels correlate with serum markers of liver injury and
[29]
loss of function (ALAT, ASAT, INR, albumin)
and
have therefore been suggested as a valuable surrogate
for the severity of liver injury and dysfunction. Since
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in cirrhosis and to compare its predictive accuracy with other biomarkers of
complications in cirrhosis.

I-FABP is discussed as a marker for intestinal ischemia
[31,32]
in the critically ill
, its interpretation in patients
with cirrhosis and circulatory dysfunction has to be
examined critically.
Our study has several limitations. First, to address
the aforementioned limited power of the study, we did
not distinguish spontaneous gram-negative infections
other than SBP from bacterial infections, which are
unlikely a result of pathological BT. However, SBP is the
most common spontaneous infection in cirrhosis, and
other spontaneous infections, such as spontaneous
bacterial empyema and spontaneous bacteremia are
[6]
also associated with high mortality . Therefore, a
significant increase in spontaneous infections other
than SBP should translate into increased mortality if
clinically relevant. Second, there is some evidence that
in addition to the proximal small bowel, the cecum and
[33]
colon may significantly contribute to pathological BT ,
which may not be adequately assessed by the use of
dual sugar tests. Third, although co-medication with
PPI or NSBB as well as renal or diabetic comorbidity
was not associated with increased IP in our analysis,
we cannot exclude systematic error from these
confounders. However, as this study addressed the
usefulness of the lactulose/mannitol test to predict
end-points in cirrhosis and these putative confounders
are frequently present in patients with advanced liver
disease, they may limit its role as a prognostic test in
clinical practice.
In conclusion, the results of dual sugar tests
reflect a few aspects that are associated with the
occurrence of complications in cirrhosis, such as
portal hypertension, BT-associated inflammation or
the development of SBP to some degree. However,
the high prevalence of pathological test results in
advanced cirrhosis and their failure to predict overall
and infection-free survival limit the use of dual-sugar
tests as a diagnostic and prognostic tool in clinical
practice.

Innovations and breakthrough

In this prospective study, increased IP was associated with more advanced liver
disease and increased systemic inflammation at baseline but failed to predict
adverse clinical outcome in a 1-year follow-up period when focusing on the
endpoints mortality, liver transplantation and infections.

Applications

Patients with ascites are at the highest risk of developing bacterial infections.
For risk stratification, clinicians should apply well-established composite
scores, such as Child-Pugh or the model for end-stage liver disease, and proinflammatory serum markers but not dual sugar tests of intestinal permeability.

Terminology

Intestinal permeability refers to the barrier function of the gut, which - if
compromised - allows potentially harmful substances to penetrate across this
barrier.

Peer-review

This is well performed and interesting prospective clinical study for analyzing
the impact of increased intestinal permeability on mortality and the occurrence
of infection in patients with liver cirrhosis. The results are described and
discussed in a clear way.
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Abstract
Complications of cecal retroflexion performed during
colonoscopy have not previously been reported to
occur. We report a case of contained colonic per
foration secondary to using cecal retroflexion technique
to examine the colon, and review available published
reports of complications associated with this technique.
We conclude that complications may rarely occur with
use of cecal retroflexion, and that the clinical benefit of
this technique is uncertain.
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flexion have undergone limited study. This case report
of a contained colonic perforation associated with
cecal retroflexion suggests that cecal retroflexion may
be associated with rare complications that should be
considered in the differential diagnosis of patients
exposed to the technique presenting with post-colono
scopy complications.

Table 1 Characteristics of polyps detected and removed for
case patient
Location

Geng Z, Agrawal D, Singal AG, Kircher S, Gupta S. Contained
colonic perforation due to cecal retroflexion. World J Gastroenterol
2016; 22(11): 3285-3288 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i11/3285.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i11.3285

3
4
5
15

Pathology

Cold biopsy forceps Tubular adenoma1
Cold biopsy forceps Hyperplastic polyp
Cold snare
Hyperplastic polyp
Cold snare
Tubulovillous
adenoma with
focal high grade
dysplasia

1

Detected and removed by cecal retroflexion.

polyp. She was admitted for observation, kept nothing
by mouth, and treated empirically with intravenous
fluids and broad-spectrum antibiotics. On hospitalization
day 3, she reported significant improvement in her
abdominal pain. She was discharged home on a 14-d
course of oral ciprofloxacin and metronidazole. She
reported feeling well at 1-wk follow-up with resolution
of abdominal pain, normal bowel movements, and full
recovery of appetite.

INTRODUCTION
Colorectal cancer (CRC) incidence and mortality can be
[1-4]
reduced through screening . Nonetheless, available
evidence suggests risk reduction for CRC mortality is
suboptimal, especially in the proximal colon, ranging
[1-4]
from 0% to 50%
. Variable outcomes may be
partially due to polyps and CRC that are prevalent but
missed at the time of colonoscopic examination using
standard examination techniques. Cecal retroflexion
may reduce CRC risk by improving polyp and CRC
[5]
detection in the proximal colon . However, there
are few reports on the benefits and potential risks
associated with this technique. In this report we
present the first case of cecal retroflexion related
complication in literature, and review both published
and our own experience with cecal retroflexion and
associated complications.

DISCUSSION
Complications of cecal retroflexion have undergone
limited study, with prior work reporting no associated
[5-12]
major complications
. To our knowledge, contained
colonic perforation has not been reported as a potential
complication of cecal retroflexion. In a review of 1127
colonoscopy reports for individuals who underwent
colonoscopy by the senior author (S.G.) over a 6-year
period with (n = 607) vs without (n = 520) exposure
to cecal retroflexion, we found that that the incidence
of major complications was similar (estimated to be
3.3 vs 7.7 complications per 1000 procedures for
individuals exposed vs unexposed to cecal retroflexion,
p > 0.05). Thus, in our own experience, and in the
published literature, complications associated with
cecal retroflexion appear to be rare.
We speculate that there are two potential
explanations for the observed complication reported
in this case. One is that the tip of the colonoscope
may have torn the cecum wall when the endoscopist
straightened the scope from the hairpin-shaped
position. The other explanation is that the bending
section of the colonoscope may have been pushed
deep into the cecum wall while the endoscopist was
trying to remove the adenoma located on the proximal
side of the ascending colonic fold. We postulate that
increased attention to careful control of the scope tip
when straightening the scope after the retroflexion
maneuver, and care in avoiding pushing the blunt end
of the retroflexed scope into the cecal base might
reduce future chances of retroflexion associated
complications.
The benefit of cecal retroflexion has also undergone
limited study. Two randomized control trails assigned
patients underwent forward-view colonoscopy to a

CASE REPORT
A 76-year-old female underwent colonoscopy for
evaluation of painless hematochezia. Four polyps were
removed without use of electrocautery (see Table 1),
including a 3 mm ascending colonic polyp could only be
visualized and removed via cecal retroflexion technique.
Four hours post-colonoscopy, the patient presented
with acute sharp right lower quadrant abdominal
pain, exacerbated by movement, and associated with
nausea. She was unable to pass flatus and had not had
a bowel movement since the procedure. On exam, she
was alert, afebrile, and normotensive. Her abdomen
was non-distended, with localized tenderness and
guarding in right lower quadrant, but no rebound pain.
9
The white blood cell count was 15.5 × 10 /L. computed
tomography abdomen/pelvis with contrast revealed
fluid attenuation along the posterior half of the cecum
and ascending colon over a 6 cm extent, beginning
at the level of the ileocecal valve, but no free air was
noted (Figure 1). The patient’s symptoms and imaging
findings were felt to be most consistent with contained
colonic perforation related to colonoscopy, with use of
cecal retroflexion to examine the colon and remove the
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Size (mm) Removal technique

Ascending colon
Transverse colon
Transverse colon
Rectum
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sharp right lower quadrant abdominal pain 4 h post-colonoscopy, with cecal
retroflexion performed and 4 colonic polys removed during procedure.

A

Clinical diagnosis

Upon physical examination, abdomen was non-distended, with localized
tenderness and guarding in right lower quadrant, but no rebound pain,
consistent with post colonoscopy abdominal pain.

Differential diagnosis

Cecal retroflexion-caused perforation/microperforation, postpolypectomy
syndrome, or polypectomy-caused perforation/microperforation.

Laboratory diagnosis

White blood cell count was 15.5 × 109/L.

B

Imaging diagnosis

computed tomography abdomen/pelvis with contrast revealed fluid attenuation
along the posterior half of the cecum and ascending colon over a 6 cm extent,
beginning at the level of the ileocecal valve, but no free air was noted.

Treatment

She was managed with supportive care, kept nothing by mouth, and treated
empirically with intravenous fluids and broad-spectrum antibiotics.

Related reports

There are few reports on the benefits and potential risks associated with cecal
retroflexion, and none has reported associated major complications.

Term explanation

Cecal retroflexion is a maneuver during scope withdrawal by making a U-turn
with the bending section of the colonoscope in the cecum/proximal colon, so
the viewing lens is looking backward and the insertion tube is visible to the
endoscopist.

Figure 1 Computed tomographic scan images of contained colonic
perforation suspected secondary to cecal retroflexion. The cecum with an
associated contained fluid collection is shown in axial (a) and coronal (b) views.

Experiences and lessons

Cecal retroflexion associates with rare complications, and does not add proven
benefit in cancer detection

second examination of the proximal colon in either
forward view or retroflexed view, but neither showed
a benefit of cecal retroflexion over second forward[8,11]
view examination
. In contrast, prospective cohort
studies suggested a significant increase in adenoma
detection rate when performing retroflexion in patients
[5,12]
underwent initial forward-view examination
.
Overall, we report that use of cecal retroflexion
may be associated with rare complications, such
as contained colonic perforation. This potential com
plication should be considered in the differential
diagnosis of causes for post-colonoscopy complications
among patients exposed to this technique. Given that
cecal retroflexion does not appear to have a clear
advantage over forward view inspection (especially
repeat forward view exam) in detection of adenomas,
future studies should focus on other approaches to
improve right-sided colonic lesion detection, such as
[13,14]
split dose bowel preparation
, training in subtle
polyp recognition, and novel endoscope technology.

Peer-review

This article could be interesting but they need to add more information about
personal history of patient and diagnostic result.
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Abstract
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Post-hepatectomy liver failure (PHLF) is a leading
cause of morbidity and mortality following major liver
resection. The development of PHLF is dependent
on the volume of the remaining liver tissue and
hepatocyte function. Without effective pre-operative
assessment, patients with undiagnosed liver disease
could be at increased risk of PHLF. We report a case
of a 60-year-old male patient with PHLF secondary
to undiagnosed alpha-1-antitrypsin deficiency (AATD)
following major liver resection. He initially presented
with acute large bowel obstruction secondary to a
colorectal adenocarcinoma, which had metastasized to
the liver. There was no significant past medical history
apart from mild chronic obstructive pulmonary disease.
After colonic surgery and liver directed neo-adjuvant
chemotherapy, he underwent a laparoscopic partially
extended right hepatectomy and radio-frequency
ablation. Post-operatively he developed PHLF. The
cause of PHLF remained unknown, prompting reanalysis of the histology, which showed evidence of
AATD. He subsequently developed progressive liver
dysfunction, portal hypertension, and eventually an
extensive parastomal bleed, which led to his death;
this was ultimately due to a combination of AATD
and chemotherapy. This case highlights that formal
testing for AATD in all patients with a known history
of chronic obstructive pulmonary disease, heavy
smoking, or strong family history could help prevent
the development of PHLF in patients undergoing major
liver resection.
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to his local hospital with acute large bowel obstruction
requiring an emergency Hartmann’s procedure. Intraoperatively, an obstructing tumour was noted in
the sigmoid colon with a solitary peritoneal deposit
and bi-lobar liver metastasis. Histology confirmed a
moderately differentiated adenocarcinoma (pT4 pN2)
of the sigmoid colon. Subsequently, he was referred
to our centre for further management. There was no
significant past medical history apart from mild chronic
obstructive pulmonary disease (COPD), managed
without inhalers. He was an ex-smoker giving up five
years previously, and his alcohol consumption was
minimal.

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

Core tip: A report of a 60-year-old male who underwent
an extended right hepatectomy for metastatic
colorectal adenocarcinoma. He subsequently developed
post-hepatectomy liver failure secondary to a delayed
diagnosis of alpha-1-antitrypsin deficiency. Clinicians
should be aware of, and test for, the possibility of
undiagnosed alpha-1-antitrypsin deficiency in patients
with known chronic obstructive pulmonary disease or a
family history, undergoing major liver resection.

Pre-liver surgery investigations

A staging computed tomography (CT) revealed
multiple liver metastases located in segments 2/3, 4/8,
5/6, and 6 (Figure 1A and C). He also had a positron
emission tomography-CT, which suggested evidence
of peritoneal disease in the right side of the abdomen,
in addition to the liver metastases. After discussion in
the hepatobiliary (HPB) multi-disciplinary team (MDT)
he was referred for neo-adjuvant chemotherapy.
He received in total 12 cycles of Oxaliplatin and
Capecitabine based chemotherapy. After twelve cycles
were completed, CT imaging showed evidence of two
residual lesions in the right hemi-liver, and a small
lesion on the surface of the left hemi-liver with no
evidence of peritoneal disease (Figure 1B and D). After
discussion in the HPB MDT, he was seen in the clinic
and informed about the role of surgery and RFA; he
decided to proceed with the operation.
Pre-operative assessment included cardiopulmonary exercise testing (6.47 min at 20 watt per
min ramp, stopping due to knee pain). Anaerobic
threshold was 14.2 mL/min per kilogram at 769
mL/min (increased due to low BMI), VO2 max of
21 mL/min per kg and confirmation of moderate
COPD with saturations 93% on room air, FEV1/FVC
ratio 48%, and significantly elevated VE/VCO2 at
48. He was considered high risk of post-operative
respiratory complications. His pre-operative blood
results were: alanine transferase 46 (10-41 IU/L),
alkaline phosphatase 138 (30-130 U/L), bilirubin 11
(0-20 μmol/L), albumin 47 (35-50 g/L), international
normalized ratio 1.1, hemoglobin 168 (130-175 g/L),
creatinine 77 (62-106 μmol/L), and urea 4.4 (2.5-7.8
mmol/L).

Norton B, Denson J, Briggs C, Bowles M, Stell D, Aroori S.
Delayed diagnosis of alpha-1-antitrypsin deficiency following
post-hepatectomy liver failure: A case report. World J
Gastroenterol 2016; 22(11): 3289-3295 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i11/3289.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i11.3289

INTRODUCTION
Post-hepatectomy liver failure (PHLF) is a leading
cause of death following major liver resection with
[1]
an estimated mortality of 70% . There is no strict
definition for PHLF, but it is considered a condition
characterised by an inability of the liver to carry
out normal excretory, detoxifying and synthetic
[2]
function after post-operative day 5 . There is usually
significant biochemical and clinical evidence of liver
dysfunction, with persistent hyperbilirubinemia the most
sensitive marker, and features of coagulopathy, portal
[3]
hypertension and ascites . A similar syndrome is seen
in liver transplant recipients receiving a donor liver
that is too small, resulting in acute liver failure (ALF),
[4]
termed “small-for-size syndrome” . In both of these
scenarios the underlying pathophysiological mechanism
of liver dysfunction is complex, and most likely related
to liver hepatocyte volume and function. Any factor
affecting the ability of the hepatic parenchyma to
regenerate following liver resection could significantly
affect hepatic flow to the remnant liver, leading to
[5]
hyperperfusion and cellular damage . Therefore, preoperative assessment is vital to establish patients
with undiagnosed liver disease that are at increased
risk of PHLF. We report a case of PHLF secondary to
previously undiagnosed alpha-1-antitrypsin deficiency
(AATD) after laparoscopic partially extended right
hepatectomy and radio-frequency ablation (RFA) for
colorectal liver metastases.

Intra-operative findings

At diagnostic laparoscopy, there was no evidence of
any peritoneal metastasis. On intra-op ultrasound,
two lesions were noted in segments 6 and 8/4a, and
a solitary lesion in liver segment 2/3. He underwent a
laparoscopic partially extended right hepatectomy with
cholecystectomy and RFA to the left liver lesion with no
intra-operative complications. The liver was transected
®
using a CUSA and Thunderbeat (Olympus ). The total
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A previously well 60-year-old male initially presented
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A

B

C

D

Figure 1 Computed tomography imaging of liver. Evidence of metastatic lesions in the right hemi-liver segments Ⅵ (A) and Ⅷ (C) pre-chemotherapy. Two residual
lesions in the right hemi-liver segments Ⅵ (B) and Ⅷ (D) post-chemotherapy. Red arrows indicate metastatic lesions.

operation time was 390 min with approximately one
litre of blood loss recorded and no blood transfusions
given.

the development of PHLF, his case for reviewed at the
HPB MDT.

Histology

Post-operative course

Histology of the resected liver showed four fibrotic
nodules, two of which contained residual degenerate
moderately differentiated intestinal adenocarcinoma,
entirely consistent with colorectal liver metastases.
In view of his development of PHLF due to unknown
cause, the case was reviewed at the HPB MDT, and it
was decided to re-analyse the histology of the liver.
This showed features consistent with mild chronic
inflammation with a very minor degree of interface
activity. Within the liver lobules there was zone
three hepatocyte atrophy with patchy inflammation
and sinusoidal dilatation; features consistent with
chemotherapy effect. Special stains highlighted
prominent DPAS positive globules within hepatocytes,
which were positive with alpha-1-antitrypsin (AAT)
immunohistochemistry (Figure 3). There was no
evidence of cirrhosis, and it was concluded that these
features would be consistent with AATD. This was
confirmed clinically, with blood tests revealing a low
serum AAT level of 0.2 (0.9-2.0 g/L), but there was in
vivo degradation of the phenotype specimen.

As per our routine practice, post-operatively, he was
admitted to the intensive care unit (ICU) and was
discharged to the ward four days later. There were no
immediate complications while he was on the ICU. On
the ward, there was poor progression with reduced
oral intake requiring nasogastric feeding, development
of ascites with large drain output (> 2.5 L/d) and
hyponatremia. Clinical and biochemical markers were
suggestive of decompensated liver function (Figure
2). A suspected diagnosis of PHLF was made given
his recent major liver resection. He was managed
with prophylactic antibiotics, lactulose, albumin
replacement, and fluid restriction.
Three weeks after the operation he was readmitted
to the ICU because of multi-system dysfunction,
including PHLF, hypoxia, hyponatremia, acute kidney
injury and suspected sepsis. He had an ultrasound liver
scan, magnetic resonance cholangiopancreatography
(MRCP), and triple phase CT to identify a source of
sepsis and problems with inflow and outflow to the
remnant liver. MRCP showed no evidence of biliary
obstruction and triple phase CT confirmed patent
inflow and outflow with good residual liver volume. CT
also showed large volume ascites and bilateral pleural
effusions. As no obvious cause could be identified for

WJG|www.wjgnet.com

Outcome

After stabilization in ICU, he was again discharged
back to the ward, but had a complicated course
over the next month. He experienced several post-
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Figure 2 Trend in biochemical markers following hepatectomy.

DISCUSSION
Post-hepatectomy liver failure represents a major
cause of morbidity and mortality following liver
[6,7]
resection, expected to occur in 10% of cases
.
The success of liver resection, especially for more
extensive operations, is dependent on regeneration
of hepatic tissue. Hepatic regeneration is a process
whereby liver mass is replenished by existing
hepatocytes. The mechanism of hepatic regeneration
is thought to revolve around three major networks:
cytokines, growth factors and metabolic functions.
These networks are proposed to interact with one
another to promote cellular replication, and provide
[8]
a driving force through the cell cycle . After liver
resection, the remaining hepatic parenchyma needs
to accommodate the haemodynamic changes to allow
[9]
effective regeneration . If the parenchyma is unable
to accommodate these changes, which may be due to
a severely reduced hepatic volume or poor hepatocyte
function, then regeneration is prevented and the liver
[5]
will become damaged . The decreased hepatocyte
volume leads to hyperperfusion causing sinusoid
dilatation, kupffer cell activation, and subsequently
progressive necrosis of the remnant liver, leading to
impairment in its metabolic function and development
[10]
of PHLF .
The volume of the remaining hepatic tissue that
must accommodate the haemodynamic changes
following liver resection, is termed the functional
[5]
liver remnant (FLR) . The risk of death in patients
undergoing liver resection for malignancy was found

Figure 3 Histopathological findings. Alpha-1-antitrypsin globules within periportal hepatocytes (diastase periodic acid schiff, magnification × 200).

operative complications as a result of PHLF. These
included severe portal hypertension causing significant
ascites requiring frequent paracentesis, malnutrition,
recurrent sepsis with a suspected focus either in the
chest on ascitic fluid (managed with meropenem and
ambisome), parastomal varices with one episode of
stomal bleeding requiring a embolisation, persistent
hyponatremia, and hypotensive episodes. After
several weeks of co-ordinated care between the
hepatobiliary surgeons, hepatologists, microbiologists,
and intensivists, he developed a second, extensive
parastomal bleed, which was decided not for active
management. He subsequently died ten weeks
following liver resection with his death attributed to
PHLF secondary to chemotherapy and previously
undiagnosed AATD.
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[11,12]

to be directly related to the volume of the FLR
.
All patients undergoing liver resection must have a
full medical assessment to check for any potential comorbidity, which could affect regeneration of the FLR.
This may include a full blood count, renal function, liver
function, albumin, and coagulation studies. Patients
with pre-existing liver disease, such as cirrhosis or
chemotherapy-associated steatohepatitis (CASH), need
to be assessed for suitability of liver resection as this
can effect regeneration, putting them at higher risk
[13]
of developing PHLF . The need to identify high risk
patients pre-operatively has led to volumetric analysis
using 3D CT reconstructions or magnetic resonance
imaging (MRI), as it allows estimation of acceptable
[14,15]
FLR percentages
. Although many authors currently
view CT/MRI volumetric analysis as essential prior to
major liver resection, there is no standardization for
accurately calculating FLR volumes. Imaging tends
to over-estimate liver volume, and different formulae
have been proposed in an attempt to account for
[15,16]
this error
. Additionally, volumetric analysis does
not give any indication as to the underlying hepatic
function. For example, there are many predictive
patient-factors associated with an increased risk of
PHLF not accounted for by imaging. These factors
are predominantly related to underlying liver disease,
which include: CASH, diabetes and obesity (nonalcoholic fatty liver disease), cirrhosis, hepatic B and C,
[13]
hyperbilirubinemia, and AATD .
In our case, pre-operative assessment did not
identify any significant underlying liver disease. The CT
images were reviewed at the HPB MDT, which deemed
the expected FLR size to be acceptable for a partially
extended right hepatectomy, although formal 3D
volumetric analysis was not undertaken. Our centre
will consider liver resection if we can leave a FLR of
30% in post chemotherapy livers, 40% in patients with
established cirrhosis/fibrosis, and 20% in a normal a
liver. In this case, more formal testing for underlying
liver disease, such as AATD, as part of the preoperative assessment, could have altered our surgical
management, and ultimately, helped to prevent the
development of PHLF. We believe that PHLF in our
patient was due to several factors; mainly undiagnosed
AATD disorder, neo-adjuvant chemotherapy, and
extended liver resection. However, it is currently not
routine practice to check for AATD in patients requiring
liver resection with no evidence of cirrhosis or family
history.
AATD is an under-diagnosed condition with
a suspected worldwide prevalence of 3.4 million
[17]
people . It is an autosomal recessive disease, with
co-dominant expression, caused by a mutation in the
[18,19]
SERPINA1 gene
. There are approximately 123
[19]
single nucleotide polymorphisms affecting the gene .
The M allele accounts for over 95% of alleles in the
general population, with other alleles including S and
[18]
Z, accounting for 2%-3% and 1% respectively .
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The normal phenotype is denoted Pi-MM, while the
most severe phenotype is Pi-ZZ, which leads to low
concentrations of the AAT protein and highest risk of
[20]
organ damage . The most significant organs affected
are the lungs and liver. AAT is usually produced within
hepatocytes, but defective alleles can lead to its
polymerization, cellular aggregation, and subsequent
[21,22]
liver dysfunction
. AAT is normally excreted from
hepatocytes where it may counteract the action
of neutrophil elastase. Failed excretion can lead to
pulmonary inflammation and proteolytic damage,
[23]
which may manifest as COPD . Other associated
clinical manifestations of AATD can include panniculitis
[19]
and vasculitis .
Due the effect of AATD on hepatocyte function,
left undiagnosed, it could have deleterious effects
following liver resection. Using a Pi-Z mouse model,
one study showed that proliferation of hepatocytes
predominantly occurred in cells without abnormal
[24]
AAT accumulation . Therefore, it is unsurprising
that hepatocyte regeneration was affected in our
case of undiagnosed AATD. At present, the ATS/ERS
recommends testing for AATD in all patients with
[25]
COPD . Moreover, it is suggested that living-donor
liver transplantations should be screened for underlying
metabolic disorders (e.g., AATD) as they could pose
[26]
safety issues to both donor and recipient .
In a situation where AATD is detected preoperatively, we recommend avoidance of major liver
resection as it will affect liver regeneration. We would
recommend pre-operative liver biopsy and liver
volumetric analysis before deciding whether or not to
consider a patient for major liver resection. If the FLR
is less than 40% then major liver resection should be
avoided and measures should be taken to increase
FLR prior to surgery (e.g., portal vein embolization).
In our case, we would not have considered major liver
resection if we were aware of his diagnosis prior to
surgery. Especially since he received several cycles of
neo-adjuvant chemotherapy.
Currently, there is no recommendation for AATD
testing in patients undergoing major liver resection. To
help prevent the development of PHLF as seen in our
case, we recommend formal testing for AAT levels and
AATD phenotyping, in all patients with a known history
of COPD, heavy smoking history, or those with a
strong family history undergoing major liver resection.
If AATD is identified, we recommend avoidance of
major hepatectomy (more than 4 segments), even if
patients do not receive neo-adjuvant chemotherapy.
In conclusion, this case demonstrates the need
for better screening for AATD, which is an underdiagnosed condition, in susceptible patients undergoing
major liver resection. Identification of patients with
AATD prior to surgical intervention, would aid preoperative assessment and surgical planning, and
ultimately, help to prevent the development of posthepatectomy liver failure.

3293

March 21, 2016|Volume 22|Issue 11|

Norton B et al . Delayed diagnosis of alpha-1-antitrypsin deficiency

COMMENTS
COMMENTS
Case characteristics

A report of a 60-year-old male who underwent an extended right hepatectomy
for metastatic colorectal adenocarcinoma. He subsequently developed posthepatectomy liver failure secondary to a delayed diagnosis of alpha-1antitrypsin deficiency (AATD).

3

Clinical diagnosis

Post-hepatectomy liver failure (PHLF) associated with significant ascites,
malnutrition, recurrent sepsis and parastomal varices.

4
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Differential diagnosis

AATD, chemotherapy-associated steatohepatitis, non-alcoholic fatty liver
disease.
6

Laboratory diagnosis

Hyponatremia, acute kidney injury, acute liver failure and alpha-1-antitrypsin
(AAT) deficiency: AAT level of 0.2 (0.9-2.0 g/L).
7

Imaging diagnosis

Magnetic resonance cholangiopancreatography showed no evidence of biliary
obstruction and triple phase computed tomography confirmed patent inflow and
outflow with good residual liver volume. No obvious cause could be identified
on imaging for the development of PHLF.

8

Pathological diagnosis

9

Treatment

10

Related reports

11

AATD. Prominent DPAS positive globules within hepatocytes, which were positive
with AAT immunohistochemistry.

Conservative management failed and unfortunately the patient died.

PHLF is a leading cause of death following major liver resection, which is
related to failure in regeneration of the remaining hepatic tissue. This may
be due to intrinsic liver disease and/or reduced volume of the functional liver
remnant. To date, this is the first report of PHLF secondary to a delayed
diagnosis of AATD following major liver resection.

12

Term explanation

AATD is an autosomal recessive disease that is under recognised. The AAT
protein is usually produced within hepatocytes, but defective alleles can lead
to cellular aggregation and subsequent liver dysfunction. This causes impaired
regeneration post-hepatectomy.

13
14

Experiences and lessons

This case demonstrates the need for better screening for AATD, which is an
under-diagnosed condition, in susceptible patients (e.g., COPD, family history)
undergoing major liver resection.
15

Peer-review

This is a well written and informative case report.
16
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Abstract
Primary esophageal or gastric melanoma is a very
rare disease with early metastasis. Due to its atypical
symptom and less efficiency of chemotherapy and
radiotherapy, the prognosis of esophageal or gastric
melanoma is still very poor. Surgical resection remains
the preferential treatment for esophageal or gastric
melanoma. Here we present an extremely rare case
of primary advanced esophago-gastric melanoma.
Debulking surgery was performed without chemotherapy
or radiotherapy. However, abdominal recurrence and
hepatic metastases were found within one month by a
postoperative follow-up computed tomography. Three
and a half months after surgical resection, the patient
died of extensive abdominal metastasis.
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Core tip: Primary malignant digestive melanoma
is a very rare disease with poor prognosis. Here
we report an extremely rare and advanced case of
primary esophago-gastric melanoma. Although the
effect of combination strategy of surgical resection
with chemotherapy or radiotherapy is still unclear, we
strongly recommend a postoperative chemotherapy or
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radiotherapy due to the fast progression and extremely
short survival of our case.

A

B

Wang L, Zong L, Nakazato H, Wang WY, Li CF, Shi YF, Zhang
GC, Tang T. Primary advanced esophago-gastric melanoma: A rare
case. World J Gastroenterol 2016; 22(11): 3296-3301 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i11/3296.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i11.3296

INTRODUCTION
Figure 1 Upper gastrointestinal barium examination showed a large
tumor blocking the esophago-gastric junction (A), esophagram showed a
niche shadow in gastric fundus (B).

Primary esophageal or gastric melanoma is an
extremely rare disease in the digestive system.
Baur firstly reported primary esophageal melanoma
[1]
in 1906 . So far, a total of 369 cases of primary
esophageal melanoma and 19 cases of primary gastric
melanoma have been reported worldwide. The annual
incidence of primary esophageal melanoma is around
[2,3]
0.02-0.036 per million populations , but there are
no reported data regarding the incidence of primary
gastric melanoma. Barely 15% of all melanomas are
encountered in non-cutaneous sites and only 20%
of these non-cutaneous melanomas originate from
[3]
the mucosa and with less than 0.5% of mucosal
melanoma arising from the esophagus, ranging from
[4,5]
0.1% to 0.2% of all esophageal malignancies
.
Herein, we report an extremely rare case of primary
advanced esophago-gastric melanoma in an attempt
to share our experience in treating this case and
propose the possible useful treatment strategy.

A

mm

cm

B

mm

CASE REPORT
A 65-year-old man was admitted to the ChinaJapan Friendship hospital with a chief complaint of
progressive dysphagia for 3 mo. He also complained
of a drastic weight loss of 8 kg in the past 2 mo.
He denied a history of smoking, alcohol intake and
substance abuse, but had a chronic atrophic gastritis
for nearly 10 years. Also, there was no family history
of genetic defect or malignancy. Physical examination
showed no palpable findings. Admission blood test
showed a slight decrease in hemoglobin (106 g/
L). Upper gastrointestinal (GI) examination using
barium contrasts showed a large tumor blocking
the esophago-gastric junction (Figure 1). Computed
tomography (CT) scan revealed a soft mass in the
esophago-gastric junction with lymph node metastasis
in the lesser curvature of the stomach (Figure 2).
Endoscopic examination showed a black spot in the
lower esophagus and a bulky black mass blocking the
esophago-gastric junction, as well as two black craterlike ulcers in the fundus of the stomach (Figure 3).
Biopsy specimens taken from the tumor were identified
as poorly differentiated adenocarcinoma. Preoperative
nutrition status of this case was scored 2 based on the

WJG|www.wjgnet.com

cm

Figure 2 Computed tomography scan showed a soft mass in the
esophago-gastric junction (A), enlarged lymph nodes in the lesser
curvature of the stomach (B).
[6]

Nutrition Risk Screening 2002 (NRS 2002) .
Because of the obstructive symptom caused by the
tumor, a debulking surgery of distal esophagectomy
and proximal gastrectomy was performed. Eso
phagogastric anastomosis and reconstruction was
then completed with stapling device. Intraoperatively,
the tumor was found located at the esophago-gastric
junction and the tumor infiltrated the whole layer
with lymph node metastasis at station four. No ascites
or dissemination of the tumor was observed in the
peritoneal cavity.
The tumor measured 3 cm × 6 cm in size with
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B

Figure 5 Histological examination showed that the excised tumor tissue
was composed of non-organized and pleomorphic cells exhibiting
atypical nuclei, and abundant melanin granules. Hematoxylin-eosin staining,
magnification × 400.

and Vimentin, but negative for cytokeratin 7 and
cytokeratin 20 (Figure 6). Based on these results,
a diagnosis of primary advanced esophago-gastric
melanoma was established.
The postoperative course was smooth and without
complications. The patient gradually recovered and
was discharged 14 d after surgery. As the patient
denied a postoperative adjuvant therapy, abdominal
recurrence and hepatic metastases were found within
one month by a postoperative follow-up CT. No other
effective treatment was administered afterwards. The
patient died of diffuse metastatic disease 2 mo later.

Figure 3 Endoscopic examination showed a black spot in the lower
esophagus and a bulky black mass blocking the esophago-gastric
junction (A), two black crater-like ulcers located at the fundus of the
stomach (B).

DISCUSSION
To date, little is known about the exact etiology of
esophageal or gastric melanoma, and no definite
[7]
risk factors have been identified . At the time of
initial diagnosis, detectable metastases are present in
[2]
30%-40% of patients . The incidence of metastasis to
regional lymph nodes is as high as 40%-80%, and the
most common sites are periesophageal, mediastinal
[8,9]
and celiac lymph nodes
. The hematogenous
dissemination is most prone to the liver, lung and
[10]
brain . In 2009, AJCC introduced a new classification
[11]
for melanoma of the upper aerodigestive tract . In
this classification, T1 and T2, Stage Ⅰ and Stage Ⅱ
are omitted due to the aggressive nature of mucosal
melanomas (Table 1 and Table 2). Based on this
classification, our case was identified with a stage of Ⅳ
A (T4aN1M0).
Due to the rarity of the disease, no standard
treatment has been established so far. Surgical
resection and a combination of different adjuvant
therapies are reasonable options, and the choice
of treatment should be individualized for each
patient. Due to the tendency of the tumor to spread
longitudinally along the submucosa, some authors
stated that a greater capacious safety margin of
[12]
resection was necessary . The median overall
survival associated with primary malignant melanoma

Figure 4 Surgical specimen showed that the melanoma measured 3 cm ×
6 cm in size with black pigmentation. There were several pigmented satellite
nodules beside the main tumor lesion, the largest one being 1 cm × 1 cm in
diameter. Two ulceration lesions were present at the fundus of the stomach.

black pigmentation (Figure 4). There were several
pigmented satellite nodules beside the main tumor
lesion, the largest one being 1 cm × 1 cm in diameter.
Moreover, two ulceration lesions were found at the
fundus of the stomach. Microscopically, the excised
tumor tissue was composed of non-organized and
pleomorphic cells exhibiting atypical nuclei, and
abundant melanin granules (Figure 5). Pathological
examination identified this case at a stage of ⅣA
(T4aN1M0). Immunohistochemical staining showed that
the tumor was positive for S-100, HMB-45, mclean-A
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Figure 6 Immunohistochemical staining showed that the tumor was positive for S-100 (A), HMB-45 (B), melan-A (C), and Vimentin (D).

Table 1 Tumor-node-metastasis classification by the American
Joint Comission on Cancer staging for melanoma of the
upper aerodigestive tract

Table 2 American Joint Comission on Cancer staging for
melanoma of the upper aerodigestive tract

T

Stage Ⅲ
Stage ⅣA

AJCC staging

N

M

Tx
T0
T3
T4a
T4b

Nx
N0
N1
M0
M1

Tumor cannot be evaluated
No signs of tumor
Epithelium/submucosa (mucosal disease)
Deep soft tissue, cartilage, bone or overlying skin
Brain, dura, skull base, lower cranial nerves, masticator
space, carotid artery, prevertebral space, mediastinal
structures, cartilage, skeletal muscle or bone
Regional lymph nodes cannot be evaluated
Tumor cells absent from regional lymph nodes
Regional lymph node metastasis present
No distant metastasis
Metastasis to distant organs

Stage ⅣB
Stage ⅣC

N0
N0
N1
Any N
Any N

M0
M0
M0
M0
M1

treatment of melanoma, such as dendritic-cell vaccine,
[16]
were explored . Survivin is strongly expressed in
melanoma and appears to be involved in melanocyte
resistance to some agents, so the survivin inhibitor of
[17]
YM-155 may be considered as a potential option .
Radiotherapy has been tried to treat this disease for
many years, however, most researchers believed that
melanoma was non-sensitive to radiation or with little
[18,19]
benefits
, so radiotherapy merely plays a palliative
role, such as palliating the symptom of dysphagia with
large tumors or reducing the probability of relapse
[20]
after operation. Furthermore, heavy-ion radiation ,
[21]
radiotherapy combined with hyperthermia
and
intraluminal brachytherapy are also administered in
sporadic cases and demonstrate good initial responses.
In short, the aggressive biological behavior, the
advanced stage and lack of effective therapy contribute
to the poor prognosis of melanomas of the upper
digestive system. Here we reported our experience in
treating this rare case of primary advanced malignant
melanoma in esophago-gastric junction. Debulking

of the GI tract is reportedly 17 mo, whereas that
associated with primary gastric melanoma is only 5
[13]
mo , and the mean survival time is 9-14.2 mo after
[14]
surgical resection of primary esophageal melanoma .
The curative effects of chemotherapy are not
satisfactory for malignant melanoma, and the longterm survival is poor on the whole, so it does not
seem to have a major role in the management of this
[2]
disease . Local application of INF-β alone or combined
with systemic chemotherapy was tried and found to
[14]
be effective . The gene mutation of BARF, NRas
and KIT in the MAPK pathway has been the focus of
eager investigation as novel therapeutic targets with
[15]
medications , such as sorefenib, farnesyltransferase
inhibitor and imatinib. Moreover, various kinds of
vaccines against cancer-testis (CT) antigens for

WJG|www.wjgnet.com
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Peer-review

surgery was performed alone without chemotherapy
or radiotherapy. However, abdominal recurrence and
hepatic metastases were found within one month by a
postoperative follow-up CT. Finally the patient died of
diffuse metastatic disease two months later. Although
the effect of combination therapy of surgical resection
with chemotherapy or radiotherapy is still unclear, we
strongly recommend a postoperative chemotherapy or
radiotherapy due to the fast progression and extremely
short survival of our case.

This is a report of an extremely uncommon case of esophago-gastric melanoma
with an interesting finding, and it will definitely contribute to the quite scarce
literature regarding the primary melanoma of the GI tract.
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Case characteristics

7

Clinical diagnosis

8

A 65-year-old man with a chief complaint of progressive dysphagia for 3 mo.

Physical examination showed no palpable findings.

Differential diagnosis

Melanocytosis, distal esophageal cancer, cardiac cancer and proximal stomach
cancer.

9

Laboratory diagnosis
Hemoglobin 106 g/L.

10

Imaging diagnosis

Upper gastrointestinal (GI) barium examination, computed tomography and
endoscopy showed a soft mass involving the esophago-gastric junction, with
swelling lymph nodes in the lesser curvature of the stomach.

11
12

Pathological diagnosis

Preoperative biopsy suggested the presence of poorly differentiated
adenocarcinoma, and postoperative immunohistochemical staining showed
that the tumor was positive for S-100, HMB-45, mclean-A and Vimentin, and
negative for cytokeratin 7 and cytokeratin20.

13

Treatment

A debulking surgery of distal esophagectomy and proximal gastrectomy
was performed, and esophagogastric anastomosis and reconstruction was
performed using stapling device, with no postoperative adjuvant therapy.

14

Related reports

There are few reports of primary esophageal or gastric melanoma treated with
multidisciplinary strategies including surgery and a combination of different
adjuvant therapies, such as chemotherapy, radiotherapy and immunotherapy.
Thus, the data were insufficient to help achieve a long-term survival in a highly
advanced malignant melanoma of the upper digestive tract.

15

16

Experiences and lessons

To control the highly aggressive biologic behavior and tendency to metastasis
is the key to treatment of melanoma of the GI tract; surgical resection and a
combination of different adjuvant therapies are reasonable options.
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Liuweiwuling tablets protect against acetaminophen
hepatotoxicity: What is the protective mechanism?
Kuo Du, Hartmut Jaeschke
traditional Chinese Medicines, on acetaminophen
hepatotoxicity has gained considerable popularity in
recent years, and some of them showed positive results
and even promising therapeutic potentials. A recent
report suggested that Liuweiwuling tablets protect
against acetaminophen hepatotoxicity and promote
liver regeneration in a rodent model through alleviating
the inflammatory response. However, several concerns
exist regarding the limitations of the experimental
design and interpretation of the data presented in this
manuscript.
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TO THE EDITOR
We read with interest a recent article published
[1]
by Lei et al in which the authors concluded that
Liuweiwuling tablets alleviate acetaminophen (APAP)
hepatotoxicity by inhibiting the inflammatory response
[1]
in mice . The supporting evidence shown by the
authors is the correlation between decreased levels
of high-mobility group box 1 (HMGB1) protein and
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inflammatory cytokines (TNF-α, IL-1β) and the reduced
liver injury after Liuweiwuling treatment. However,
there are a number of concerns with the interpretation
of the data and the mechanistic conclusions.
First, one of the main concerns is the relevance
of the inflammatory response for APAP-induced liver
injury. It is generally recognized that the initial necrotic
cell death after APAP overdose results in the release
of damage-associated molecular patterns (DAMPs),
which bind to toll-like receptors on Kupffer cells and
other inflammatory cells, and subsequently trigger
the expression and release of pro-inflammatory
[2]
cytokines . This leads to the activation and hepatic
[2]
recruitment of innate immune cells . HMGB1 is one
of such DAMPs that are released into the plasma after
[3]
APAP overdose . However, its contribution to the injury
mechanisms has been controversial. While in one study
antibodies against HMGB1 were shown to dramatically
[4]
reduce APAP toxicity , other authors reported only
[5,6]
a minor reduction in liver injury or even no effect .
HMGB1 acts on Kupffer cells through TLR4 and induces
expression of pro-inflammatory cytokines such as
TNF-α and IL-1β. The role of TNF-α in APAP toxicity
has also been controversial. An early study suggested
[7]
that TNF-α promotes APAP toxicity . However, other
studies showed that mice deficient in TNF-α or TNF
receptor-1 are not protected, and an increase in hepatic
TNF-α concentration does not worsen the liver injury
but might actually prime hepatocytes to facilitate the
[8-10]
following liver regeneration
. IL-1β is also induced
and released after TLR4 and Nalp3 inflammasome
activation. However, the minor amount of IL-1β
generated during APAP hepatotoxicity has no impact on
the injury process, and even 10000-fold higher IL-1β
[11]
levels cannot affect the liver injury . In addition, the
fact that IL-1 receptor-deficient mice are not protected
from the injury clearly indicates that IL-1β signaling is
[11,12]
not involved in the liver injury process
. Immune
cells, such as neutrophils and macrophages, are
recruited into the liver and are being activated during or
after the peak of the liver injury (≥ 12 h post-APAP in
mice and ≥ 2 d in patients) by these pro-inflammatory
[2,13]
mediators
. However, extensive studies showed that
immune cells are predominantly beneficial by removing
cell debris and promoting liver regeneration rather
[2]
than causing the liver injury . Also, it is very unlikely
the late infiltrating cells could be responsible for the
approximately 80% reduction of liver injury during the
[1]
first 6 h post-APAP . In general, it takes at least 12
h before a neutrophil aggravates liver injury during a
[14]
sterile inflammatory response . Taken together, there
is no convincing evidence that these pro-inflammatory
mediators or recruited innate immune cells could
result in direct cell death after APAP hepatotoxicity, and
the inflammatory response more likely promotes the
recovery process rather than aggravates the initial liver
[2]
injury .
Second, it is well established that APAP hepatotoxicity
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is initiated by the cytochrome P450-catalyzed formation
of the reactive metabolite N-acetyl-p-benzoquinone
[15]
imine (NAPQI) . Therefore, any interference with
this initial step would have profound effects on the
intracellular signaling mechanisms of APAP-induced
cell death and the following inflammatory response.
Thus, it is essential to determine whether a natural
product or any other compound has any effects on this
initial step before other protective mechanisms can be
[15,16]
proposed
. Considering the facts that Liuweiwuling
is given for 3 d before APAP at an extremely high dose
(10.0 g/kg, 2 times/d by gavage) and the dramatic
reduction of liver injury as early as 6 h when there
is limited immune cell recruitment into the liver and
[17]
no evidence that these cells are actually activated ,
it is likely that Liuweiwuling tablets protect against
the toxicity simply by inhibiting the metabolic
activation of APAP. In fact, some of the components
[18]
of Liuweiwuling tablets , e.g., varies schisandra
lignans, have been shown to be effective inhibitors
[19]
of Cyp 2E1 and Cyp1A2 , which are the critical
[15,16]
enzymes for the metabolic activation of APAP
. If
the initial step of NAPQI formation is inhibited resulting
in dramatically attenuated cell death, the reduced
formation of inflammatory mediators is merely the
consequence of the reduced early necrosis rather than
the cause. Actually, inattention to this issue has led to
misinterpretation of experimental results and mistaken
[19-23]
conclusions in many APAP studies in recent years
.
The third concern comes from the effect of Liuweiwuling
tablets on liver regeneration. It is known that severe liver
injury after APAP overdose inhibits liver regeneration
because of the active inhibition of cell cycle progression,
while a more moderate liver injury triggers a prompt
[24,25]
and vigorous regeneration response
. Since the
liver injury was largely reduced after Liuweiwuling
[1]
treatment , it is possible that the increased liver
regeneration in the Liuweiwuling-treated mice is a
consequence of the reduced liver injury and does
not reflect a direct effect of the intervention on liver
regeneration process. To better support the argument
that Liuweiwuling directly promotes liver regeneration
after APAP overdose, any inference with the injury
process needs to be avoided and treatment needs to be
started after the peak of injury.
In summary, although the protective effect of
Liuweiwuling tablets against APAP hepatotoxicity is
interesting and was convincingly demonstrated, the
proposed protective mechanism is questionable. The
reduced inflammatory response and the increased
liver regeneration by Liuweiwuling treatment are more
likely secondary effects of the protection by inhibition
of metabolic activation of APAP rather than the primary
mechanism of protection. Studies with natural products
need to be carefully designed and consider all aspects
of the mechanism of APAP-induced cell death in order
to obtain relevant information on the therapeutic
potential and mechanism of action of the product.
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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

II

George G Chen, Hong Kong
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
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

Pradyumna K Mishra, Mumbai
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

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
Zoltan Rakonczay, Szeged
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
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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

IV

Jacob Yahav, Rehovot
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
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Massimo Falconi, Ancona
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
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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FRONTIER

Latest developments in precancerous lesions of
hepatocellular carcinoma
Zhao-Shan Niu, Xiao-Jun Niu, Wen-Hong Wang, Jing Zhao

Abstract

Zhao-Shan Niu, Laboratory of Micromorphology, Medical
College of Qingdao University, Qingdao 266071, Shandong
Province, China

Hepatocarcinogenesis in human chronic liver diseases
is a multi-step process in which hepatic precancerous
lesions progress into early hepatocellular carcinoma
(HCC) and progressed HCC, and the close surveillance
and treatment of these lesions will help improve
the survival rates of patients with HCC. The rapid
development and extensive application of imaging
technology have facilitated the discovery of nodular
lesions of ambiguous significance, such as dysplastic
nodules. Further investigations showed that these
nodules may be hepatic precancerous lesions, and they
often appear in patients with liver cirrhosis. Although
the morphology of these nodules is not sufficient to
support a diagnosis of malignant tumor, these nodules
are closely correlated with the occurrence of HCC, as
indicated by long-term follow-up studies. In recent
years, the rapid development and wide application of
pathology, molecular genetics and imaging technology
have elucidated the characteristics of precancerous
lesions. Based on our extensive review of the relevant
literature, this article focuses on evidence indicating
that high-grade dysplastic nodules are more likely to
transform into HCC than low-grade dysplastic nodules
based on clinical, pathological, molecular genetic
and radiological assessments. In addition, evidence
supporting the precancerous nature of large cell change
in hepatitis B virus-related HCC is discussed.
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Core tip: The identification and characteristics of
hepatic precancerous lesions may serve as early clues
to malignant transformation. Over the last 10 years,
studies of precancerous lesions have resulted in signi
ficant progress, especially in molecular biology and
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imaging technology. Based on our extensive review of
the relevant literature, this article focuses on evidence
that supports the precancerous nature of dysplastic
foci and dysplastic nodules from a clinical, pathological,
molecular genetic and radiological point of view.

as hepatocytes that exhibit decreased cytoplasmic
volume, cytoplasmic basophilia, mild nuclear pleo
morphism, hyperchromasia, and an increased nuclearcytoplasmic ratio. Consequently, lesions with SCC are
characterized by crowded nuclei and an increased
cellular density.

Niu ZS, Niu XJ, Wang WH, Zhao J. Latest developments in
precancerous lesions of hepatocellular carcinoma. World J
Gastroenterol 2016; 22(12): 3305-3314 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i12/3305.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i12.3305

LCC

LCC is currently thought to be a degenerative senescent
change that results from chronic liver injury, but it could
also be regarded as a predictive marker associated
[6,7]
with HCC rather than a genuine premalignant lesion .
Conversely, LCC may actually be an important risk
factor for HCC based on the following findings: (1)
The patients with chronic hepatitis B exhibiting LCC
were overall much more likely to develop HCC than
[8]
patients without LCC ; (2) In most cases of human
B viral chronic hepatitis/cirrhosis, hepatocytes ex
hibiting LCC had higher levels of proliferating cell
nuclear antigen (PCNA)-labelling index (LI) and lower
levels of transferase-mediated dUTP-biotin nick end
[9]
labeling (TUNEL)-LI than cells without LCC , which
suggests that HBV-related LCC is actively involved
in hepatocarcinogenesis; (3) Abnormal DNA content
(aneuploidy) is common in LCC, but this abnormality
does not significantly differ from that observed in
[10]
SCC ; (4) LCC and related molecular changes have
been identified in a subset of patients infected with
[11]
HBV, which suggests a direct premalignancy ; and
(5) Compared with cholestatic LCC, HBV-related LCC
exhibits significantly higher Tp53-LI, gamma-H2AXLI and micronuclei index as well as shorter telomere
length, decreased SA-beta-Gal activity and increased
[12]
net cellular gain .
LCC is frequently detected in chronic hepatitis B
cases with advanced histologic stage, particularly those
[6]
with HCC . Taken together, these findings indicate that
LCC may not only be related to hepatocarcinogenesis
but may be a precancerous lesion of HBV-related HCC.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer-related death around the world,
and it is clinically characterized by a high incidence
rate and poor prognosis. Despite the progress made
in numerous treatments, the survival rate of HCC
patients remains low because HCC is not easily
detected prior to the advanced stage. Therefore,
studies on the nature of precancerous lesions of HCC
are important.
Hepatic precancerous lesions are currently recognized
as nodular lesions that result from cirrhosis, and they
are divided into two levels based on cytological and
histological changes: microscopic dysplastic foci (DF)
and macroscopic dysplastic nodules (DNs). DF are
further classified as exhibiting large cell change (LCC)
[1]
or small cell change (SCC) , the latter of which is
[2,3]
widely observed in various precancerous lesions .
Specifically, molecular biology studies have shown
SCC to be an intermediary stage between hepatocytes
and malignant cells. DNs are further subdivided into
low-grade dysplastic nodules (LGDNs) and high-grade
dysplastic nodules (HGDNs) based on the degree of
[4]
atypia , and the latter has a higher risk of malignant
transformation.
Recent advances in pathology, molecular biology,
genetics, and radiology have tremendously improved
our understanding of hepatic precancerous lesions.
Based on our extensive review of the relevant literature,
this article focuses on the evidence showing that HGDNs
are more likely to transform into HCC than LGDNs
based on clinical, pathological, molecular genetic and
radiological assessments.

SCC

SCC has long been thought to be a characteristic
of early precancerous lesions of HCC based on the
following findings: (1) SCC has frequently been
identified in HGDNs and well-differentiated HCC
(W-HCC). Specifically, the largest nuclei have been
observed in W-HCC, and the nuclear/cytoplasmic ratio
is higher in HGDNs and W-HCC than in other nodular
lesions. Moreover, hyperchromasia is markedly more
[2]
pronounced in W-HCC than in other nodules ; (2)
Mosaicism for loss of X chromosomal inactivation has
been demonstrated in nodules of altered hepatocytes
(NAH) exhibiting SCC, and an array-based comparative
genomic hybridization (array-CGH) analysis revealed
that some of the chromosomal abnormalities in
NAH with SCC coincided with the abnormalities in
[3]
HCC , suggesting that NAH exhibiting SCC could
be precursors of HCC; and (3) SCC is characterized

DF
DF are microscopic lesions with an arbitrary diameter
less than 1 mm, and they usually occur in a background
[4]
of cirrhosis or chronic hepatitis . DF often exhibit LCC
(Figure 1A) or SCC (Figure 1B). According to a recent
[5]
study , LCC is defined as hepatocytes displaying
enlarged nuclei or cytoplasms that preserve their
nuclear-cytoplasmic ratio, whereas SCC is defined
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A

B

C

D

Figure 1 Histological characterization of large cell change (A), small cell change (B), low-grade dysplastic nodule (C) and high-grade dysplastic nodule
(D). Large cell change is characterized by cellular and nuclear enlargement with preserved nuclear and cytoplasmic ratio, nuclear pleomorphism and hyperchromasia,
and prominent nucleoli (A), and small cell change characterized by decreased cell volume, mild nuclear pleomorphism, an increased nuclear-cytoplasmic ratio, and
increased nuclear density (B); Low-grade dysplastic nodule is characterized by minimal cytological atypia, slightly increased nuclear-cytoplasmic ratio and cell density
(C), and high-grade dysplastic nodule characterized by high cell density, an increased nuclear-cytoplasmic ratio, hepatocytes organized in trabeculae that are two to
three cells thick, and mild nuclear atypia (D). A-D: Hematoxylin-eosin staining, magnification × 200.
[13]

by high proliferative activity . Conversely, the
cumulative probability of developing HCC did not differ
between patients with SCC and those without SCC in
[8]
one study , suggesting that SCC in chronic hepatitis
B should not be considered a risk factor for HCC
development.
Surprisingly, a crosscheck of the literature revealed
inconsistent or contradictory conclusions, even from
the same group of authors, between different studies
[14]
of the same marker. In one study , the expression
of p21 and p16 in HBV/HCV-related cirrhosis was
preserved in LCC, decreased in SCC, and absent
in HCC, whereas gammaH2AX-DNA-damage foci
were absent in LCC but present in SCC and in
HCC. These data suggest that SCC occurs in more
advanced precancerous lesions than LCC. In another
[12]
study , the same group of authors found that p21
and p16 were activated in normal-looking cirrhotic
hepatocytes (NLCH) of HBV-related cirrhosis and that
this expression gradually diminished from LCC to
SCC and HCC. They also reported that the expression
of gamma-H2AX foci significantly increased during
carcinogenesis, from normal hepatocytes to NLCH,
LCC, SCC, and HCC. Thus, these data contradict the
previous findings and suggest that HBV-related LCC
may represent dysplastic hepatocytes rather than
reactive hepatocytes. These conflicting findings may

WJG|www.wjgnet.com

be attributed to the use of different racial and regional
groups, i.e., HBV (17 cases)/HCV (6 cases)-related
cirrhosis samples in the former study and HBV-related
cirrhosis samples in the latter study.
The nature of LCC and SCC as characteristics of
true precancerous lesions and their relationship to
[1]
HCC are fiercely debated . Future studies should
consider the following factors, which at least partly
explain the inconsistency, if not conflict, in previous
findings: SCC is a relatively rare finding that could
easily be confused with liver regenerative cells. In
some studies, the diagnosis of SCC was confirmed by
fewer than two pathologists or the authors failed to
[15,16]
give a definition and/or example of DF
. Therefore,
SCC is not easily distinguished from liver regenerative
cells based on current findings, which may limit the
[17]
predictive value of SCC for HCC development .
Discrepancies in studies may also be due to differences
in research methodology and regional groups under
study.
Based on current studies, SCC may be a more
advanced precancerous lesion than LCC, and LCC may
be a very early precancerous lesion of HBV-related
HCC. Accordingly, the identification of SCC and LCC in
liver biopsies might be related to an increased risk of
HCC over time, and such lesions warrant inclusion in
[18]
pathology reports .

3307

March 28, 2016|Volume 22|Issue 12|

Niu ZS et al . Precancerous lesions of hepatocellular carcinoma
Table 1 Summary of the main pathological, molecular genetic and radiological features of distinction between low- and high-grade
dysplastic nodules

Cytologic features
Small cell change
Large cell change
Architectural features
Nuclear/cyto-plasmic ratio
Increased cell density compared
with surroundings
Pseudoglands
Unpaired arteries
Portal tract
Hyperchromasia/nuclear atypia
Radiological features
Hepatobiliary phase images
Arterial phase
Washout and arterial enhancement

Molecular genetic biomarkers
Overall FAL index
Chromosomal changes
TERT promoter mutations
TRF length
Telomerase activity
miRNAs (miR-224)
DNA methylation Nuclear
expression of Dnmt3a
Immunohistological biomarkers
VEGF
GPC3
MN index (number of micronuclei
per 3000 hepatocytes)

LGDNs

HGDNs

e/WD-HCC

Quoted literature
examples

±

+
±

+
-

Roncalli et al[30]
Roncalli et al[30]

±
-

+
1.3 to 2 times

+
> 2 times or more

Chang et al[2]
Park et al[4]

±
-

±
±
+
+

+
+
+
+

Nascimento et al[31]
Park et al[4]
Kojiro et al[32]
Nascimento et al[31]
Gatto et al[40]
Gatto et al[40]
Serste et al[25]

No hypointensity
Hypointensity (70%)
Hypointensity (97.5%)
Iso/hyperintensity (100%)
Iso/hypointense (96.7%)
Iso/hypointense (27.5%)
No washout or arterial
6 (6/6 )showed arterial
51 (51/74) were hypervascular
enhancement on CT or MRI enhancement on CT, 4 (4/6) were
on CT, 57 (57/74) were
hypervascular on MRI; 5 (5/6) on
hypervascular on MRI;
CT and 4 (4/6) on MRI
washout was not showed
0.16 ± 0.07
Deletions and gains were
not found
6%
7.2 ± 1.97
0.9 ± 0.56
-

0.33 ± 0.21
Deletions of 8p and gains of 1q

0.40 ± 0.23
Deletions of 8p and gains of 1q

Lee et al[27]
Tornillo et al[45]

19%
4.0 ± 0.89
1.7 ± 0.75
+ (50%)
+ (29.2%)

61%
4.5 ± 0.85
2.3 ± 1.39
+ (100%)
+ (53.8%)

Nault et al[50]
Oh et al[53]
Oh et al[53]
Gao et al[57]
Choi et al[62]

± (100%)
± (5.48%)
0.9 ± 0.16

+ (100%)
+ (50%)
3.1 ± 0.38

+ (100%)
+ (57.1%)
4.0 ± 0.58

Park et al[67]
Gong et al[1]
Lee et al[77]

-: absent; ±: may be present; +: usually present. CT: Computed tomography; MRI: Magnetic resonance imaging; FAL: Fractional allelic loss; TERT:
Telomerase reverse-transcriptase; TRF: Terminal restriction fragment; Dnmt3a: DNA methyltransferases 3a; VEGF: Vascular endothelial growth factor; GPC3:
Glypican-3; MN: Micronucleus; LGDNs: Low-grade dysplastic nodules; HGDNs: High-grade dysplastic nodules; e/WD-HCC: Early/well-differentiated
hepatocellular carcinoma.

[2,25,26]

studies
. In recent years, advances in pathology,
molecular genetics, and imaging have further confirmed
that HGDNs are more likely the advanced precursors of
[2,27]
HCC than LGDNs
. The main pathological, molecular
genetic and radiological features of distinction between
LGDNs and HGDNs are summarized in Table 1.

DYSPLASTIC NODULES
Dysplastic nodules are usually found in chronic liver
diseases. These lesions are primarily 1-1.5 cm in
diameter and are classified as LGDNs (Figure 1C) or
HGDNs (Figure 1D) based on the presence of cytologic
[19]
and architectural atypia . Pathologically, human HCC
develops in the following multistep manner: from
LGDNs to HGDNs, early HCC, W-HCC, nodule-in-nodule
[20]
HCC, and finally, moderately differentiated HCC .
In recent years, the concept of multi-step human
[21-23]
hepatocarcinogenesis has been well documented
.
Advances in pathology and molecular genetics, as well
as clinical follow-ups, have confirmed that DNs are
[4,24]
precancerous lesions of HCC
. In particular, advances
in medical imaging technology have provided a more
intuitive understanding of the characteristics of DNs by
facilitating the detection of such small nodular lesions.
For many years, HGDNs have been thought to
be more closely related to HCC than LGDNs based
on histopathological features and clinical follow-up
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CLINICAL FOLLOW-UP STUDIES
Clinically, LGDNs are considered precancerous lesions
associated with a slightly elevated risk of malig
nant transformation, whereas HGDNs are considered
advanced precursors of HCC associated with a high
[4,28]
risk of transformation
. Moreover, HCCs have been
demonstrated to occur more frequently in HGDNs than
[29]
LGDNs .
Clinical follow-up studies have revealed that HGDNs
are the most advanced precancerous lesions of the liver,
with a risk of malignant transformation of approximately
[24]
30%-40% at 24 mo . In another study, a total of
147 patients with non-malignant liver nodules were
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followed over a median duration of 29 mo, and the
HCC development rate was higher in patients with
[26]
HGDNs than in patients with LGDNs . Based on
a multivariate analysis of histologic diagnosis and
decreases in portal flow on computed tomographic
arterial portography (CT-AP), the authors classified
hepatic nodules into three groups: HGDNs, LGDNs,
and regenerative nodules (RNs). The progression
rate of HCC from HGDNs was high, and the annual
HCC development rate exceeded 30% in the first 2
years. HCC developed more often from HGDNs than
[28]
from LGDNs and RNs . Therefore, HGDNs are true
precancerous lesions of HCC.

is often considered a radiological marker of nodule
[38]
differentiation . The Gd-EOB-DTPA-enhanced MRI
findings of nodules (LGDNs, HGDNs, and HCCs),
which were histologically identified on cirrhotic and
explanted livers, indicated nodular hypointensity at the
hepatobiliary (HB) phase in 39/40 HCCs and 21/30
HGDNs but in none of the LGDNs, despite a lack of
significant differences among the enhancement ratios
[39]
(ERs) of HGDNs and HCCs at the HB phase . Another
study examined the ability of delayed phase imaging
(DPI) gadobenate dimeglumine-enhanced MRI in
addition to dynamic postcontrast imaging to improve
the characterization of small HCCs, HGDNs and
LGDNs. This study identified significant qualitative and
quantitative differences in the hypointensity on DPI
between LGDNs and the group consisting of HGDNs
[40]
and HCCs .
In one study, 62 of 215 nodules exhibited atypical
radiological behavior (atypical nodules refer to a lack
of hypervascularization in the arterial phase and/or
[38]
absent hypovasculature in portal phase ), and 19
out of 20 HGDNs/early HCC nodules were found to be
[41]
hypointense in the HB phase . Most HGDNs (20/30)
were reported to be iso/hypointense in the arterial
phase and hypointense in the late phase, where all
LGDNs were characterized by iso/hyperintensity in
both the arterial and late phases. The ERs of lesions
did not significantly quantitatively differ between
hypovascular HCCs and HGDNs in the arterial phase
or between hypointense HCCs and HGDNs in the HB
[39]
phase .
In addition, patients with chronic liver disease
showing a hypointense hypovascular nodule in the liver
on hepatocyte-phase Gd-EOB-DTPA-enhanced MRI are
[42]
at a high risk of developing HCC . Therefore, HGDNs,
which represent hypointense hypovascular nodules,
could be precancerous lesions of HCC.

HISTOPATHOLOGIC FEATURES
Compared with HGDNs, LGDNs lack appreciable
cytologic and architectural atypia based on the
following findings: (1) LCC is frequently observed
inside and outside of LGDNs as microscopic (< 1 mm)
[30]
DF. SCC is most frequently seen inside HGDNs ; (2)
The nuclear/cytoplasmic ratio is higher in HGDNs and
[2]
W-HCC than in LGDNs ; (3) HGDNs and HCC exhibit
more pronounced basophilia in the cytoplasm than
[31]
large regenerative nodules (LRNs) and LGDNs ; (4)
Hyperchromasia and nuclear atypia are observed in
[31]
HGDNs and HCC ; (5) A pseudoacinar pattern (or
acinar formation) and thickened trabeculae are never
seen in LGDNs but frequently appear in HGDNs and
[31]
HCC ; and (6) The number of portal tracts is normal
[32]
in LGDNs but reduced in HGDNs and early HCCs .
In addition, some HGDNs often contain one or more
microscopic foci of W-HCC, whereas nodule-in-nodule
lesions are absent in LGDNs, which suggests that
[20,33,34]
HGDNs might be precancerous lesions of HCC
.
In conclusion, these histopathologic features indicate
that HGDNs represent borderline lesions and closely
[35]
resemble W-HCCs .

“Washout” and arterial enhancement of HGDNs and
LGDNs on CT or MRI

IMAGING DIFFERENCES BETWEEN
HGDNs AND LGDNs

In one study, washout was observed in 5 HGDNs
(5/6) on CT and in 4 HGDNs (4/6) on MRI, whereas
washout or arterial enhancement was not observed
[25]
in patients with LGDNs . In another study, the
frequency of washout increased to 93.8% (45/48) in
HCCs and 69.3% (9/13) in HGDNs in cirrhotic livers,
and these incidences were higher than that of arterial
[43]
enhancement . These findings suggest that lesions
exhibiting washout or arterial enhancement in the
cirrhotic liver may be malignant nodules.
Furthermore, arterial hypervascularization with
washout in subcentimeter hypointense nodules in the
HB phase on Gd-EOB-DTPA-enhanced MRI in patients
with chronic liver disease has been shown to strongly
[44]
correlate with progression to hypervascular HCC .
Therefore, the imaging differences between HGDNs
and LGDNs indicate that HGDNs are closely associated
with progression to HCC and likely are more advanced
precursors of HCC than LGDNs.

Angiogenesis

Angiogenesis, such as sinusoidal capillarization and
unpaired arteries, gradually increases during hepato
carcinogenesis from HGDNs to classic hypervascular
[36]
HCC . Compared with LGDNs, HGDNs and W-HCC
contain more aberrant unpaired arterioles and capilla
[25]
rized sinusoids .

Gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid-enhanced magnetic resonance imaging findings

Gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA)-enhanced magnetic resonance
imaging (MRI) has been shown to improve the detection
and characterization of focal liver lesions. Specifically,
this approach can differentiate LGDNs from pre[37]
malignant HGDNs and early HCC .
The hypointense appearance in hepatobiliary phase
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MicroRNAs

BIOMARKERS FOR THE DISCRIMINATION
BETWEEN LGDNs AND HGDNs MOLECULAR GENETIC BIOMARKERS

MicroRNAs (miRNAs) are small noncoding RNA mole
cules that are thought to play an important role
[55]
in the regulation of gene expression . A growing
body of evidence indicates that the deregulation of
[56]
miRNAs plays a crucial role in hepatocarcinogenesis .
Specifically, some miRNAs, such as miR-145 and miR199b, are downregulated in the progression from
LGDNs to small HCC; miR-224 showed no expression
in LGDNs, moderate expression in HGDNs, and
[57,58]
strong expression in small HCCs
. These results
suggest that LGDNs are early lesions in the spectrum
of hepatocarcinogenesis and that HGDNs could be
considered advanced precursors of HCC within this
spectrum.

Allelic losses

Allelic losses in some regions were found to be correlated
[27]
to clinicopathologic features and HCC progression .
The overall fractional allelic loss (FAL) index represents
the frequency of allelic losses.
Genome-wide allelotyping has been adopted to
systematically evaluate allelic changes during hepatitis
B virus-associated hepatocarcinogenesis. Specifically,
these studies found that the overall FAL index of HGDNs
was significantly higher than that of LGDNs and was
[27]
very close to that of HCCs . This result indicates
that HGDNs are genetically closer to HCC in terms of
allelic losses, suggesting that their biological behavior
likely resembles that of early HCC. Another group
of researchers investigated the genetic differences
between macroregenerative nodules (MRNs), LGDNs,
and HGDNs via comparative genomic hybridization and
found that although allelic losses of 8p and gains of 1q
were observed in three out of six HGDNs, chromosomal
[45]
imbalances between LGDNs and MRNs were absent .
In addition, the array CGH analysis revealed that
HGDNs and HCCs exhibited a loss of heterozygosity at
[46]
5q13.2 and 8p23.1 , which suggests that the genetic
changes in HGDNs and HCCs are similar. Overall, these
studies provide genetic evidence to support the idea
that HGDNs are precancerous lesions.

Changes in DNA methylation

Epigenetic changes are reversible and heritable
and include changes in DNA methylation. Aberrant
epigenetic modifications occur at the earliest stages of
neoplastic transformation and are now believed to be
[59]
essential players in cancer initiation and progression .
The aberrant DNA methylation of CpG islands is
catalyzed by DNA methyltransferases (DNMTs). In
human hepatocarcinogenesis, the expression levels of
DNMT1, DNMT3a and DNMT3b mRNAs progressively
increase from LGDNs to HGDNs, HCCs in DNs, and
[60]
advanced HCCs , suggesting that DNMTs are involved
in hepatocarcinogenesis and that HGDNs may be more
advanced precancerous lesions than LGDNs.
DNMT3A: DNMT3A may play a role in hepatocellular
carcinogenesis by regulating the expression of some
[61]
tumor-suppressor genes, such as PTEN . Specifically,
nuclear immunoreactivity to Dnmt3a has not been
detected in non-neoplastic livers or LGDNs but was
[62]
observed in some HGDNs and HCCs .

Telomerase reverse-transcriptase

Telomerase reverse-transcriptase (TERT) promoter
mutations are the most frequent somatic genetic
alterations in human HCC arising from both cirrhotic
and normal livers. They are major early events in
tumorigenesis that occur at the precancerous stages in
[47-49]
cirrhosis
. One study found that TERT promoter
mutations were highly correlated with hepato
carcinogenesis: mutations were identified in 6% of
LGDNs, 19% of HGDNs, 61% of early HCCs and 42%
[50]
of small and progressive HCCs .
In addition, the human TERT (hTERT) mRNA levels,
as measured by real-time quantitative RT-PCR, positively
correlated with hepatocarcinogenesis, and a significant
induction in the transition between LGDNs and HGDNs
was observed. Most HGDNs strongly expressed hTERT
[51]
mRNA at levels similar to those of HCCs .
Telomerase expression and the maintenance of a
critical telomere length (TL) in cancer initiation indicate
that telomere shortening and telomerase expression
[52]
initiate cancer by inducing chromosomal instability .
Several studies have demonstrated that many HGDNs
have shorter telomeres and a higher telomerase activity
(TA) than LGDNs, and the TL and TA in HGDNs are
[53,54]
similar to those of DNs with HCC foci and HCCs
.
These results suggest that HGDNs are more similar to
HCCs than LGDNs.
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Ras association domain family 1 isoform A: Ras
association domain family 1 isoform A (RASSF1A)
is a tumor suppressor that is methylated in many
[63]
human cancers, including HCC . As human hepa
tocarcinogenesis progresses from chronic hepatitis/
cirrhosis to LGDNs, HGDNs, and finally, HCC, the
[63]
expression of RASSF1A tends to gradually decrease .
Moreover, aberrant DNA methylation and increased
DNMT expression have been demonstrated to be
[64]
features of tumor cells . Overall, the above-mentioned
findings indicate that HGDNs share some features with
HCC and are precancerous lesions of HCC.

BIOMARKERS FOR THE DISCRIMINATION
BETWEEN LGDNs AND HGDNs IMMUNOHISTOCHEMICAL BIOMARKERS
Vascular endothelial growth factor

Angiogenesis refers to the process of blood vessel
formation, and all tumors require new blood vessels
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to grow. Evidence from human studies suggests that
angiogenesis is not necessarily a characteristic of an
invasive tumor but may be an early event during the
[65]
pre-malignant stages of cancer . Angiogenesis may
be stimulated by several regulators, among which
vascular endothelial growth factor (VEGF) seems to
[66]
be the most important one . The expression of VEGF
[67]
is higher in HGDNs and early HCCs than in LGDNs ,
which suggests that VEGF expression may be a good
indicator of precancerous changes and may be useful
to better understand and prevent the transformation
of HGDNs to HCC.

without “washout’’ during the portal/late phases of
[80]
CEUS . Therefore, imaging findings on CEUS overlap
[81]
between DNs and W-HCCs . HCC or HGDNs can
be noninvasively diagnosed if arterial enhancement
and washout are found in a single dynamic imaging
examination; however, these findings are frequently
[25]
discordant on both CT and MRI . CEUS can be
effectively used as a useful problem-solving method by
utilizing its unique advantages when CT and MRI are
[82]
contraindicated or their results are indeterminate .
Similarly, nodules considered indeterminate after CEUS
have been evaluated by contrast-enhanced CT or
[83,84]
MRI for diagnosis
. Despite the above-mentioned
merits of these imaging modalities, the differentiation
between “early’’ HCC and an HGDN using only imaging
[80]
techniques is sometimes difficult . Moreover, a
recent study recommends performing a biopsy rather
than additional imaging when the first imaging is
[25]
inconclusive .
DNs, especially HGDNs, are borderline lesions,
and the biopsy of DNs is associated with a high
rate of false-negative findings due to histological
[85]
heterogeneity within the nodules . Therefore,
differentiating from HGDNs based on a small biopsy
[86]
specimen may be difficult or nearly impossible .
Consequently, the identification of potential biomarkers
that reliably detect or diagnose HGDNs or early HCC is
urgently needed.
An increasing body of evidence suggests that
epigenetic changes contribute to hepatocarcinogenesis.
Therefore, DNA methylation and miRNAs have been
[87]
proposed as promising biomarkers . Specifically,
changes in DNA methylation are ubiquitous in human
cancer and have been shown to occur early during
carcinogenesis. As such, these changes may serve as
[88]
biomarkers for the detection of HGDNs or early HCC .
The frequency of aberrant promoter methylation has
been confirmed to increase during the progression
[89]
from precancerous lesion to HCC . Therefore, DNA
methylation in precancerous or early neoplastic stages
may serve as a biomarker for screening patients
with an increased risk for HCC and detecting early
cancer. Moreover, the deregulation of miRNAs plays an
important role in human carcinogenesis. For example,
the down-regulation of miR-145 and miR-199b and upregulation of miR-224 are frequently observed in premalignant DNs, and these changes persist throughout
[57]
HCC development , suggesting that miRNA expression
may serve as a biomarker for the detection of HGDNs
or early HCC.
However, the above-mentioned biomarkers are
tissue markers for detecting HGDNs or early HCC in
liver biopsy specimens. In other words, a biomarker
will be useful for screening or the early detection of
cancer only if it can be detected in a noninvasive or
[88]
minimally invasive fashion without tissue biopsy .
Increasing evidence has verified that DNA methylation
and miRNAs in the blood or other bodily fluids may
serve as valuable biomarkers for the detection of early

Glypican-3

Glypican-3 (GPC3) is an oncofetal protein that plays
a key role in growth factor signaling to regulate the
[68]
proliferative activity of cancer cells . Several recent
studies have demonstrated high GPC3 protein expre
ssion in HCC but not in hepatic para-carcinomatous
[69-72]
and cirrhotic tissues
, indicating that GPC3 may
be used as an immunohistochemistry marker to
[73]
differentiate HCC from benign hepatocyte nodules .
To date, several studies have reported higher GPC3
[1,74,75]
protein expression in HGDNs than in LGDNs
.
These results suggest that GPC3-positive DNs, especially
GPC3-positive HGDNs, are indeed precancerous lesions
[74]
of HCC .

Micronucleus

Chromosomal damage and the formation of a micro
nucleus (MN) are believed to play a significant role in
[76]
the pathogenesis of many malignancies . An MN is a
small nucleus, and increases in the formation of MNs
are usually regarded as an indicator of chromosomal
damage. In one study, the micronuclei index was
significantly increased in HGDNs compared with
LGDNs. HCC exhibited the highest micronuclei index
compared with those of HGDNs and DNs with HCC
[77]
foci . Therefore, the micronuclei index may transition
from LGDNs to HGDNs, DNs with HCC foci and HCC,
suggesting that HGDNs harbor more chromosome
damage than LGDNs during hepatocarcinogenesis.

PROBLEMS AND PERSPECTIVES
For many years, the differentiation of dysplastic
lesions, particularly HGDNs, from early HCC has been
a challenge for clinicians, radiologists and pathologists.
A variety of imaging modalities are currently used
to evaluate patients with chronic liver disease and
suspected HCC. Of these modalities, CT, MRI and
contrast-enhanced ultrasound (CEUS) have largely
[78]
replaced biopsy for the diagnosis of HCC . However,
all imaging techniques may fail to detect and diagnose
[79]
small HCCs, particularly in the presence of cirrhosis .
The detection and diagnosis of small nodules, such as
DNs, by imaging techniques are also very difficult.
DNs are generally hypovascular in the arterial
phase, but they can sometimes be hypervascular
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[90]

HCC . Hopefully, DNA methylation or miRNAs in the
blood will be translated into clinical use in the near
future, which would facilitate the early diagnosis of atrisk patients and the accurate assessment of disease
[87]
progression . In addition, when combined with
imaging contrast, blood biomarkers will significantly
enhance our ability to diagnose HGDNs or early HCC
and screen patients who are at carcinogenetic risk.
These advances would allow patients to receive early
treatment and ultimately improve survival.
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MINIREVIEWS

Lipids in liver transplant recipients
Anna Hüsing, Iyad Kabar, Hartmut H Schmidt
to recent improvements in survival of liver transplant
recipients, the prevention of cardiovascular events has
become more important, especially as approximately
64% of liver transplant recipients present with an
increased risk of cardiovascular events. Management
of dyslipidemia and of other modifiable cardiovas
cular risk factors, such as hypertension, diabetes and
smoking, has therefore become essential in these patients.
Treatment of hyperlipidemia after liver transplantation
consists of life style modification, modifying the dose
or type of immunosuppressive agents and use of lipid
lowering agents. At the start of administration of lipid
lowering medications, it is important to monitor drugdrug interactions, especially between lipid lowering
agents and immunosuppressive drugs. Furthermore,
as combinations of various lipid lowering drugs can
lead to severe side effects, such as myopathies and
rhabdomyolysis, these combinations should therefore
be avoided. To our knowledge, there are no current
guidelines targeting the management of lipid meta
bolism disorders in liver transplant recipients. This paper
therefore recommends an approach of managing lipid
abnormalities occurring after liver transplantation.
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Core tip: Lipid disorders after liver transplantation
are common and can significantly increase the risk
of cardiovascular events in liver transplant recipients.
Furthermore, dyslipidemia may also impair graft
function and survival. Therefore management of
dyslipidemia is of great importance in preventing
cardiovascular diseases and graft dysfunction in these
patients. Knowledge of the different manifestations
of lipid disorders after liver transplantation, the role
of immunosuppressive agents and of drug-drug
interactions is therefore essential for management and

Abstract
Hyperlipidemia is very common after liver transplan
tation and can be observed in up to 71% of patients.
The etiology of lipid disorders in these patients is
multifactorial, with different lipid profiles observed
depending on the immunosuppressive agents admini
stered and the presence of additional risk factors,
such as obesity, diabetes mellitus and nutrition. Due
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follow-up of these patients.

management of dyslipidemias of the European Society
of Cardiology (ESC) and the European Atherosclerosis
[11]
Society (EAS) , in addition to the guidelines of the
American College of Cardiology (ACC) and the American
[12]
Heart Association (AHA) , and our practical experience
treating LT recipients, we here propose strategies to
manage dyslipidemia in this patient population.

Hüsing A, Kabar I, Schmidt HH. Lipids in liver transplant
recipients. World J Gastroenterol 2016; 22(12): 3315-3324
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i12/3315.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i12.3315

HLP classification

Various types of HLP have been identified, including
HLP with increased triglycerides (hypertriglyceridemia),
HLP with high LDL-C (hypercholesterolemia) and their
combination, HLP with both hypertriglyceridemia and
hypercholesterolemia. Statin treatment should be
tailored to the type of HLP, as these agents, when
administered independent of the type of HLP, may
result in reduced efficacy and metabolic control, a
secondary increase in triglycerides, and increased side
effects.

INTRODUCTION
Hyperlipidemia (HLP) is considered one of the most
important risk factors for the development of athero
sclerosis. The prevalence of HLP in liver transplant (LT)
recipients is high and has been estimated to vary from
[1,2]
27% to 71% .
Development of HLP is multifactorial, including in LT
recipients. Immunosuppressive agents administered
after liver transplantation may lead to lipid metabo
lism disorders and HLP. Although some studies have
reported that immunosuppressive therapy is not a risk
[1]
factor for cardiovascular events , others have found
that the adverse event profiles of immunosuppressive
agents can contribute to cardiovascular risk in transplant
[3,4]
recipients .
A meta-analysis reporting pooled estimates from
population-based and nested case-control studies
found that post-LT recipients have an approximately
64% greater risk of cardiovascular events than the
[5]
general population . Although the increased risk
for atherosclerosis-associated events in transplant
recipients suggests that all of these patients be
treated prophylactically with lipid lowering drugs, drug
interactions and other side effects limit this approach.
In practice many transplant physicians remain cautious
about treating LT recipients with lipid lowering drugs.
Cardiovascular diseases are emerging as the main
cause of non-graft-related mortality in LT recipients,
especially in older subjects, thus affecting their long[6,7]
term outcomes and causes of death
. Optimal
follow up of these patients should include continuous
observation and management of cardiovascular risk
factors such as dyslipidemia.
Post-LT HLP, however, occurs frequently after LT,
independent of administration of immunosuppressive
[8]
agents . Additional causes of HLP include increased
body weight, malnutrition, abnormal renal function,
impaired glucose metabolism and genetic predisposition.
Since genetically associated HLP also occurs in the
general population, HLP may also result from a
liver donor carrying, e.g., a low-density lipoproteincholesterol (LDL-C) receptor deficient variant or an
apolipoprotein E defective variant expressed by the
[9,10]
liver
. To date, guidelines have not been formulated
for the prevention and treatment of lipid metabolism
disorders after LT. Based on the recommendations of the
2011 guidelines formulated by the Task Force for the
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LDL-C and atherogenesis

Epidemiological studies have shown that HLP with
high serum LDL-C is a particular risk factor for the
[13,14]
development of atherosclerosis
. Table 1 shows
the relationship between LDL-C concentrations and
potential atherogenicity in the general population.
Indications for treatment of LT recipients with lipid
lowering drugs depend on each patient’s individual risk
profile.
Cardiovascular risk shows a greater association
with serum LDL-C than total cholesterol concentrations.
Hypercholesterolemia may also be due to increases
in serum high density lipoprotein-cholesterol (HDL-C)
concentrations, which have no clinical relevance.
Alterations in diet may show have moderate effects
on serum LDL-C concentrations, but they are often not
sufficient. Familial hypercholesterolemia, for example,
does not significantly respond to dietary approaches.
Cardiovascular events such as myocardial infarction can
occur as early as the fourth to sixth decade of life in the
absence of lipid lowering treatment. Most trials of lipidlowering agents have assessed response to therapy by
measuring serum LDL-C concentrations, indicating the
importance of reducing serum LDL-C concentrations
in managing dyslipidemia. A meta-analysis by the
Cholesterol Treatment Trialists’ Collaboration of several
trials involving > 170000 patients also showed that
lowering LDL-C concentration reduced the risk of
[15]
cardiovascular disease (CVD) . Moreover, reducing
LDL-C concentration to below 1.8 mmol/L (below
approximately 70 mg/dL), or to < 50% of baseline, was
[15]
optimal in reducing the risk of CVD .

HYPERTRIGLYCERIDEMIA AND ITS
METABOLIC IMPACT
Metabolic complications occur frequently in patients
with hypertriglyceridemia, with long-term hypertri
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LDL-C levels, hypertriglyceridemia can be influenced by
diet. A weight loss of 2-3 kg can result in a significant
reduction in serum triglyceride concentrations, of up to
[21]
200 mg/dL . In contrast, a weight loss of more than
10 kg may reduce serum LDL-C concentrations by only
30 mg/dL. Fruit juices and other high-carbohydrate
products, as well as small amounts of alcohol, may
exacerbate hypertriglyceridemia temporarily.

Table 1 Hypercholesterolemia and its estimated atherogenic
[25]
potential
LDL-cholesterol (mg/dL)
< 100
100-129
130-159
160-189
≥ 190

Optimal
Near/above optimal
Borderline high
High
Very high

COMBINED HLP

LDL: Low density lipoprotein.

Treatment of patients with combined HLP depends on
serum LDL-C and triglyceride concentrations and their
risks of atherosclerosis and metabolic symptoms. As
combinations of lipid-lowering agents may cause side
effects, including rhabdomyolysis, both atherosclerosis
and metabolic risks must be evaluated. Based on
a patient’s individual risk profile, we recommend
lipid lowering treatment targeting either LDL-C or
triglyceride concentrations. Combinations of drugs that
lower serum cholesterol and triglyceride concentra
tions should be avoided in LT recipients due to their
interactions with immunosuppressants. Liver enzymes
and creatinine kinase should be measured weekly in
patients started on both cholesterol and triglyceride
lowering drugs.

Table 2 Hypertriglyceridemia and its estimated atherogenic
[25]
potential
Triglycerides (mg/dL)
< 150
150-190
200-499
≥ 500

Optimal
Near/above optimal
High
very high

Table 3 Proposed targeted triglyceride serum concentrations
[42]
in liver transplant recipients
Triglyceride-targets and -limits
Triglyceride-targeted serum concentrations < 200 mg/dL
Triglycerides < 400 mg/dL with life-style intervention1: tolerable
Triglycerides < 500 mg/dL despite lipid-lowering medication before
start of immunosuppression: no initiation of therapy with mTORinhibitors
Triglycerides > 500 mg/dL under mTOR-inhibitors: if despite
therapy triglycerides < 500 mg/dL, change to different group of
immunosuppressant (or reduce doses)

Lipoprotein (a) and atherogenesis

Lipoprotein (a) [Lp(a)] is a risk factor for atherogenesis
and may play roles in plasma viscosity and the
[22-24]
coagulation cascade
. Lp(a) should be monitored
regularly in patients with myocardial infarction and
other cardiovascular end points such as cerebral insult.
Serum Lp(a) concentrations < 30 mg/dL are regarded
as normal. Elevated serum Lp(a) concentrations in
patients with hypertriglyceridemia may respond to
dietary modifications or treatment with nicotinic acid.
However, statin treatment of patients with elevated
Lp(a) and LDL-C does not significantly reduce Lp(a)
concentrations. LDL-apheresis may be successful in
treatment of patients with persistently high LDL-C and/
or Lp(a). In Germany, LDL-apheresis is currently used
to treat selected patients with manifest atherosclerosis
and Lp(a) > 60 mg/dL.

1

Life-style modification/ therapy (lipid-lowering medication): (1) weight
loss; (2) increase physical activity; (3) optimize glucose-metabolism; and (4)
lipid lowering agents. mTOR: Mammalian target of rapamycin.

glyceridemia often causing lipomatosis of the liver
[16]
and pancreas . These pathological alterations may
impair glucose metabolism, especially peripheral
[16]
insulin resistance, resulting in diabetes mellitus .
Table 2 shows a classification of serum triglyceride
concentrations in the general population, and Table
3 shows serum concentration limits and treatment
recommendations with mTOR inhibitors in LT recipients.
Specific treatment targets for hypertriglyceridemia
have not yet been determined. Moreover, serum
triglyceride concentrations are highly variable, increasing
during the day in most individuals. Treatment to reduce
the risk of pancreatitis, however, is recommended
when serum triglyceride concentrations exceed 1000
[17]
mg/dL . Causes of elevated serum triglyceride
concentrations include obesity, alcohol consumption,
high carbohydrate diet, diabetes mellitus, reduced
kidney function, nephrotic syndrome; treatment with
[18]
steroids , protease inhibitors, hormone substitutes,
[19]
[20]
calcineurin inhibiting drugs , mTOR inhibiting drugs ;
and predisposing genetic factors. In contrast to elevated
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HDL-C

Serum HDL-C concentration < 40 mg/dL is a known
[11,25]
risk factor for coronary heart disease
. High serum
HDL-C does not protect against atherosclerosis in
[26]
patients with high serum LDL-C (Table 4) . High
serum triglyceride concentrations, overweight, obesity
and a high carbohydrate diet may reduce serum HDL-C
concentrations. Life style modifications, triglyceride
lowering and antidiabetic interventions can improve
and normalize serum HDL-C.

DIAGNOSTICS OF LIPID STATUS
Serum lipid concentrations should be measured in a
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Table 4 Serum high density lipoprotein-cholesterol concentrations
[25]
and predicted atherogenic impact

CHARACTERISTICS OF LIVER
TRANSPLANT RECIPIENTS

HDL-cholesterol (mg/dL)

Risk factors for atherosclerosis and cardiovascular
events in LT recipients are qualitatively the same as
those in the non-transplant population. Quantitatively,
LT recipients are at abnormally high risk for the develop
ment of atherosclerosis and metabolic dysfunction
than the non-transplant population. For example,
the reported rate of coronary heart disease in LT
[27]
recipients is 30% , compared with 9% in the general
[28]
population .
Due to the increased life expectancy of LT recipients, it
has become a challenge to manage metabolic disorders,
which are also associated with immunosuppressive
agents in these patients. Therefore, recommendations
for lipid management in LT recipients are urgently
required, including the consideration of additional
cardiovascular risk factors and the effects of immuno
suppressive agents.
Table 6 shows targeted serum LDL-C concentrations
in LT recipients. These concentrations are dependent
on patient risk category. Long-term serum LDL-C con
centrations > 160 mg/dL should be avoided. Patients
should begin by modifying diet and life style for at least
three months; if serum LDL-C concentrations remain
higher than recommended, patients would be started
on lipid reducing agents.

> 60
40-60
< 40

Optimal
Near optimal
Atherogenic

HDL: High density lipoprotein.

Table 5 Criteria of the metabolic syndrome (3 of 5 criteria have
[25]
to be fulfilled)
Risk factor

Limit value

Abdominal obesity
Abdominal measurement
Men
> 120 cm
Women
> 88 cm
≥ 150 mg/dL
Triglycerides
HDL-cholesterol
Men
< 40 mg/dL
Women
< 50 mg/dL
≥ 130/≥ 85 mmHg
Blood pressure
≥ 110 mg/dL
Fasting blood sugar or insulin-glucose
tolerance test after 60, 120 and 180 min

fasting state. Postprandial synthesis of chylomicrons
may increase serum cholesterol and especially triglyceride
concentrations. Total serum cholesterol concentration
is the sum of serum HDL-C, LDL-C, and very low density
lipoprotein (VLDL)-C concentrations.
Targets for lipid lowering agents include serum
LDL-C, total cholesterol (TC) and non-HDL-C concen
trations. The 2011 ESC/EAS guidelines have reported
that most studies of lipid lowering therapy strategies
determine risk by measuring serum TC and LDL-C
concentrations. Many clinical trials have shown that
reducing TC or LDL-C, even in high-risk-patients, is
associated with statistically and clinically significant
[11]
reductions in cardiovascular mortality . In addition,
the 2013 ACC/AHA guidelines have targeted serum
LDL-C, TC and non-HDL-C in reducing the risk of ather
ogenesis.
Non-modifiable risk factors for coronary heart disease
include age, sex (male) and genetic factors (family
history). Modifiable risk factors for cardiovascular events
include arterial hypertension, nicotine consumption
(smoking), diabetes mellitus, dyslipoproteinemia (high
LDL-C, low HDL-C), obesity and physical inactivity.
Measurement of serum lipid concentrations, evaluation
of risk factors and diagnosis of glucose metabolism
disorders can identify patients with metabolic syndrome
(Table 5). Table 6 shows proposed target serum LDL-C
concentrations as a function of individual risk factors.
These patients have an increased risk of developing
insulin resistance and subsequent cardiovascular
events, suggesting they be regularly monitored for
cardiovascular risk factors.
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IMMUNOSUPPRESSIVE THERAPY AND
THE DEVELOPMENT OF HLP
HLP has been observed in up to 45% of LT recipients,
[8]
regardless of immunosuppressive medication , and
recent studies have reported HLP in 32%-49% of LT
[29-33]
recipients after 10-23 mo
. Hypercholesterolemia
has been reported in 13%-46% of LT recipients after
[34-36]
11-20 mo
, and hypertriglyceridemia has been
[35,36]
observed in 15%-50% of patients after 11-12 mo
.
Many factors can influence the development of HLP in
these patients, including nutrition, body weight, renal
function, glucose metabolism, and genetic factors.
Immunosuppressants, including steroids and calcine
urin inhibitors, have been shown to interfere with lipid
metabolism and increase the risk of hyperlipidemia.
Steroid treatment has been associated with both diabetes
[37]
mellitus and dyslipidemia . Steroids upregulate the
synthesis of fatty acids, resulting in peripheral insulin
resistance and increased VLDL-C synthesis within the
liver. This can result in both isolated hypertriglyceridemia
and combined HLP. Serum cholesterol concentrations
are increased by activation of multiple indirect pathways.
Hyperinsulinemia may stimulate VLDL-C synthesis in the
liver, as well as downregulating LDL receptors, possibly
[38]
by suppression of adrenocorticotropic hormone .
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Table 6 Proposed low density lipoprotein-cholesterol-serum concentrations and limits for therapeutic interventions
Risk category
CHD, PAD, CVD3
≥ 2 risk factors
0-1 risk factor

LDL-targeted serum concentration (mg/dL)

1,2

Life style modification

< 100
< 130
< 160

[25]

starting at LDL-serum concentrations
(mg/dL)

Medical treatment

≥ 100

≥ 130

≥ 130

≥ 160

> 160

> 190

1

Aspects of life style modification: (1) nutrition: (a) saturated fats < 7% of calories, dietary cholesterol < 200 mg/d; (b) increase of soluble fibers (10-25 g/d)
and sterols of vegetable origin (2 g/d) as an option of lowering LDL-levels; (2) weight management; and (3) physical activity; 2If LDL-serum concentrations
after 3 mo still elevated, consider medical treatment; 3Documented vascular atherosclerosis. CHD: Coronary heart disease; CVD: Cardiovascular disease;
LDL: Low density lipoprotein; PAD: Peripheral artery disease.

A calcineurin inhibitor based regimen may induce
[39]
HLP independently of concurrent use of steroids .
Cyclosporine was shown to dose-dependently increase
serum lipid concentrations. Moreover, increased
total and LDL-C, along with reduced HDL-C, have
been observed in patients with elevated cyclosporine
[19]
blood levels . Tacrolimus may have advantages
over cyclosporine-based regimens in that the former
does not increased serum lipid concentrations in LT
recipients. Indeed, a study in which patients were
switched from a cyclosporine- to a tacrolimus-based
regimen found that serum LDL-C and triglyceride
concentrations were reduced compared with a control
[40]
group maintained on cyclosporine . However, tacro
limus has been associated with hyperinsulinemia, which
may result in HLP, especially hypertriglyceridemia. Both
immunosuppressors have therefore been found to result
in HLP in LT recipients.
The introduction of mTOR inhibitors as immuno
suppressive agents has enhanced options in the
treatment of transplant recipients. Both sirolimus
and everolimus are very promising mTOR inhibitors
in transplant patients, but also increase the risk for
[41]
development of HLP . Overall all these immuno
suppressants may result in HLP, mostly hypertri
glyceridemia and combined hyperlipidemia. HLP
associated with mTOR inhibitors may, however, be
transient in some patients. Although mTOR inhibitors
affect lipid metabolism and are therefore more likely
to result in HLP, patients with pre-existing HLP still can
be treated using mTOR inhibitors. These agents do not
exacerbate HLP in all of these patients. Furthermore,
mTOR inhibitors may enhance renal recovery, im
proving lipid status by reducing calcineurin inhibitor
concentrations.

triglyceride serum concentrations > 1000 mg/dL
may lead to acute or chronic pancreatitis. Immunosu
ppressive regimens using mTOR inhibitors should be
avoided if triglyceride serum concentrations exceed
500 mg/dL despite changes in diet and lifestyle
and despite administering lipid-lowering agents. In
addition, mTOR inhibitors should not be administered
to LT recipients, especially those with atherosclerosis,
if their serum LDL-C concentrations are > 250 mg/dL
despite treatment with lipid lowering agents and
lifestyle modifications. mTOR inhibitors may also result
in proteinuria, aggravating any preexisting HLP. Careful
patient monitoring is therefore required to determine
the clinical significance of proteinuria and associated
HLP.

COMBINED HLP AFTER LIVER
TRANSPLANT
Liver transplant recipients with severe combined
HLP, including hypercholesterolemia and hypertri
glyceridemia, should be preferentially treate for high
serum LDL-C concentrations. However, if fasting serum
triglyceride concentrations exceed 500 mg/dL, this
condition should be treated first due to the increased
risk of pancreatitis. If patients exhibit proteinuria >
1 g/d during treatment with mTOR inhibitors, these
agents should be reduced or switched. HLP associated
with immunosuppressants, including mTOR inhibitors,
responds well to all lipid lowering interventions, inclu
ding changes in diet, weight loss in obese patients,
optimization of serum glucose concentrations and
modulation of diabetes mellitus, dose reduction of comedications, modification of immunosuppressants
[42]
used, and lipid lowering agents . It is not yet clear
whether reducing the doses of mTOR inhibitors will
[43]
lower serum lipid concentrations .
Patients with high serum triglyceride concentrations
despite lifestyle interventions should be treated, if
possible, with fenofibrate or nicotinic acid. Patients
with high serum LDL-C concentrations can be treated
[44]
with statins . Statins have been shown safe in LT
[45]
recipients , with pravastatin or fluvastatin showing
fewer interactions than other statins with cytochrome
P 450 3A4 and thus a reduced risk for interactions with
immunosuppressants (Table 7).

HLP IN LIVER TRANSPLANT RECIPIENTS
TREATED WITH MTOR INHIBITORS
Table 3 shows recommended target serum concen
trations and upper limits of triglycerides in LT patients
who receive mTOR inhibitors as immunosuppressive
agents. Long-term triglyceride serum concentrations
> 400 mg/dL should be avoided to prevent long
term metabolic disorders such as non-alcoholic fatty
liver diseases and insulin resistance. Furthermore,
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Table 7 Lipid lowering agents, their impact on lipoprotein metabolism, and potential interaction profiles
Agent (daily dose)

Interactions

[49]

Comment

HMG-CoA reductase inhibitors (statins)
Lovastatin (20-80 mg)
Lovastatin, Simvastatin, Atorvastatin are mainly catabolized via
Class of drugs with the highest lipid lowering effect
Pravastatin (20-40 mg)
Contraindications:
hepatic CYP3A4: Caution in case of use of CYP3A4-Inhibitors (e.g.,
Simvastatin (20-80 mg)
(1) advanced liver diseases;
Itraconazole, Ketoconazole, HIV-protease-inhibitors Erythromycin,
Fluvastatin (20-80 mg)
(2) Rosuvastatin: simultaneous use of Cyclosporine;
Clarithromycin, Telithromycin, Nefazodon).
Atorvastatin (10-80 mg)
Caution if fibrates or nicotinic acid are simultaneously used: high risk
and (3) Statin intolerance
Rosuvastatin (5-40 mg)
Caution: serious interactions due to competitive
of myopathies.
Simultaneous use of calcineurin-inhibiting agents might reduce the
inhibition of CYP450 3A4-metabolism cannot
elimination of statins: high risk of myopathies and rhabdomyolysis.
be ruled out: Prefer Fluvastatin or Pravastatin
Monitoring is necessary and low statin doses at the beginning are
for treatment due to absence of CYP450 3A4
recommended.
metabolisis.
Caution with dose escalation. No interactions have been observed
between Sirolimus and
Atorvastatin and between Everolimus and Atorvastatin respectively
Pravastatin.
Bile acid binding anion exchange resins
Colestyramine (4-16 g)
Caution: may reduce or retard gastrointestinal absorption of
Lowering of LDL-cholesterol, also used in
Colesevelam (2.5-3.75 g)
simultaneous orally administered agents.
combination with Statins or Ezetemibe
If interactions are possible, agents should be taken > 1 before or > 4 h
Contraindications:
Ileus or occlusion of bile ducts
after Colestyramine intake. Colesevelam should be taken 4 h before or
after taking other drugs.
Blood level monitoring is required for agents with a narrow therapeutic
window.
Caution with simultaneous use of immunsuppressants or lipid
lowering agents.
e.g., bioavailability of mycophenolic acid can be reduced due to the
simultaneous use of bile acid binding anion exchange resins (40%
in case of MMF + Colestyramine). Intervals of medication intake
mentioned above are obligatory.
Nicotinic acid
Sustained-release tablets
In some cases simultaneous use of nicotinic acid and HMG-CoA
Lowering of LDL and triglyceride serum
(Niaspan®) (1-2 g)
reductase inhibitors was associated with myopathies/rhabdomyolysis:
concentrations
Nicotininc acid/
Contraindications
careful assessment of risks and benefits is required. Tredaptive®
(1) advanced liver diseases;
Laropiprant (Tredaptive®)
(according to medicinal product's professional information use was
(2) acute peptic ulcer;
(1-2 g)
only evaluated in combination with Simvastatin): small increase
and (3) arterial bleeding
of AUC and Cmax of Simvastatin (probably without any clinical
relevance).
Hot drinks, alcohol and spicy foods may favor flush. Simultaneous use
with nicotinic acid should be avoided.
Fibrates
Gemfibrozil (2 × 600 mg)
Caution: Simultaneous treatment with HMG-CoA reductase inhibitors Reducing triglycerides. Avoid combination with
leads to an increased risk for myopathies and rhabdomyolysis. Statin
HMG-CoA reductase inhibitors.
Fenofibrate (200 mg)
Contraindications
serum concentrations can rise: no combination with statins or monitor
Bezafibrate (200-600 mg)
(1) advanced liver dysfunction;
patients closely.
and (2) severe renal impairment
Combination with Calcineurin-Inhibitors and mTOR-Inhibitors leads to
an increased risk for rhabdomyolysis and other side effects: monitoring
is required.
Cholesterol resorption reducing agents
Ezetemibe (Ezetrol®)
Caution: Simultaneous treatment with HMG-CoA reductase inhibitors
Lowering of LDL cholesterol:
(1) advanced liver diseases;
(10 mg)
leads to an increased risk of myopathies and rhabdomyolysis and
and (2) persistent elevated liver enzymes
elevation of liver enzymes: close monitoring of liver function is
Rare interactions (no induction of CYP450 enzymes)
required.
No combination with fibrates: tolerability and effectiveness were not
evaluated.
Combination with Fenofibrate leads to an increased risk for
cholelithiasis and gall bladder diseases.
Caution with the simultaneous use of Cyclosporine: AUC of
Ezetemibe rises, no data concerning changes in Cyclosporineblood levels available. No clinical effects and interactions with other
immunosuppressants have been observed to date. Monitoring of
immunosuppressive agents is required[50].
AUC: Area under the curve; CYP: Cytochrome P; LDL: Low density lipoprotein; HIV: Human immunodeficiency virus; HMG-CoA: 3-hydroxy-3methylglutaryl-coenzyme A; MMF: Mycophenolate mofetil; mTOR: Mammalian target of rapamycin.
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GENERAL TREATMENT
RECOMMENDATIONS FOR HLP IN LIVER
TRANSPLANT RECIPIENTS

MANAGEMENT OF LIPID LOWERING
AGENTS AND PHARMACOLOGICAL
INTERACTIONS

The evidence showing that reducing total cholesterol
and LDL-C can prevent atherogenic end points is
strong, based on results from multiple randomized
controlled trials. Serum total cholesterol and LDL-C
concentrations remain the primary targets of therapy.
Integrating these findings with the ESC/EAS guide
[11]
lines for life style changes suggest : Reductions in
serum LDL-C concentrations require dietary changes,
especially reductions in dietary saturated fatty acids,
which have the greatest impact on serum LDL-C
concentrations. Dietary trans-fats and cholesterol
should also be avoided, and dietary fiber increased.
Excessive body weight should be reduced. Habitual
physical activity should be increased. Serum triglyceride
concentrations may be reduced by normalization of
body weight, reduced alcohol intake (forbidden for LT
recipients) and reduction of mono- and disaccharides,
along with increased physical activity and reduced total
dietary carbohydrates. Ingestion of n-3-polysaturated
fats should be eliminated and replaced by mono- or
polyunsaturated fats. Omega-3-fatty acids may also
improve severe hypertriglyceridemia in transplant
patients since no drug-drug-interactions have been
described. The latter are available over the counter and
are approved by the FDA for the treatment of patients
with very high triglyceride serum concentrations (>
[46]
500 mg/dL) . However, omega-3-fatty acids may
increase serum concentrations of LDL-C and TC.
Serum HDL-C concentrations may be increased by
reducing dietary trans-fats. Increased physical activity,
reduced body weight and replacement of dietary
carbohydrates by unsaturated fats can also increase
serum HDL-C concentrations.
Depending on additional individual risk factors
for cardiovascular events, in addition to LT, medical
treatment of hypercholesterinemia should be consi
dered. The ESC/EAS guidelines utilize the SCORE
system to estimate the 10-year risk of a first fatal
atherosclerotic event (heart attack, stroke, or other
occlusive arterial disease, including sudden cardiac
death). This 10-year risk of CVD death can be estimated
using tables on the ESC/EAS homepage (http://www.
escardio.org/Guidelines-&-Education/Clinical-PracticeGuidelines/Dyslipidaemias-Management-of). The
current joint European Guidelines on CVD prevention in
clinical practice also recommend the use of the SCORE
system because it is based on large, representative
[47]
European cohort data sets . The 2013 ACC/AHA
guidelines, which also describe the elevated risk for
CVD in LT recipients CVD, recommend statin treatment.
These guidelines have found a net benefit from statin
treatment when 10-year atherosclerosis CVD risk was
as low as 5%.

If an LT recipient receiving immunosuppressive
therapy has a risk profile indicating the use of lipid
lowering agents such as statins, serum concentrations
of creatine kinase (CK) and liver enzymes should
measured one, two, four, eight and 12 wk after starting
a lipid lowering treatment, as severe side effects, such
as rhabdomyolysis, may occur. Subsequent blood
controls may be performed every 3 mo or whenever
a new drug is introduced. A tolerable elevation of
creatine kinase has defined as an increase to five
times the upper limit of normal on two occasions. How
statins affect skeletal muscle is not clear. Myopathy
often occurs in persons, such as LT recipients, taking
multiple medications. Myalgia without CK elevation
has been reported to occur in 5%-10% of patients.
Patients taking statins should be instructed to promptly
report unexpected muscle pain or weakness. However,
patients complaining of myalgia without elevated
serum CK concentrations can continue taking statins
if their symptoms are tolerable. If the symptoms are
not tolerable or are progressive, the drug should be
[11]
discontinued .
Table 7 highlights additional important and frequently
observed drug-drug interactions. Due to the high risk
of rhabdomyolysis, combinations of lipid lowering
agents should be avoided. Bile acid binding agents
may impair the absorption of some co-medications.
Therefore, comedications should be administered a
least one hour before or four hours after taking bile
[48]
acid binding agents .
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CONCLUSION
HLP can include hypercholesterolemia and/or hypertri
glyceridemia. High serum LDL-C is associated
with the development of atherosclerosis whereas
hypertriglyceridemia may have metabolic conse
quences. As hypertriglyceridemia originates at least
partially from malnutrition and obesity, high serum
triglyceride concentrations may be reduced by lifestyle
modifications, which may also increase serum HDL-C
concentrations. Dietary measures have little effect in
reducing high serum LDL-C concentrations. Because
many LT recipients are at risk for CVD, lipid lowering
medication is frequently required in this patient cohort.
Modification of immunosuppressive agents according
to their side-effect profiles and the early initiation of
statin treatment to achieve targeted serum LDL-C
concentrations may have a positive impact on primary
prevention of cardiovascular events in LT patients.
HLP in LT recipients may result from different etiologies,
including immunosuppressive agents. Immunosuppression
using mTOR inhibiting agents should be administered
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Status of risk
Presence of coronary heart
1
desease (CHD)

Risk factors (RF):
Smoking
Hypertension (≥ 140/90 mmHg
or antihypertensive therapie)

Triglycerides (mg/dL)

Therapeutic measures

LDL-cholesterol (mg/dL)

< 200
Tolerable until < 400

Life style changes

> 100 (CHD)

After 12 wk without improvement

> 130 (> 2 risk factors)

Medical treatment
LDL-chol.: statins; triglyc.: fibrates, nic.
acid, fish oil

> 130 (CHD)

Without improvement
(therapy duration > 4 wk)

> 160 (> 2 risk factors)

Reducing immunosuppression or
change of immunosuppressant

> 190 (0-1 risk factor)

> 400

> 500
with lipid lowering therapy

Medical history
Age (men > 45, women >55 yr)
HDL-cholesterol < 40 mg/dL

Figure 1 Algorithm for the diagnosis and treatment of hyperlipidemia in liver transplant recipients[49]. 1Presence of cerebrovascular sclerosis or sclerosis of
peripheral arteries. CHD: Coronary heart disease; LDL: Low density lipoprotein.

carefully to patients with known HLP, but should not be
avoided generally. Serum lipid concentrations are not
always impaired and may sometimes even improve
during the use of mTOR inhibitors. LT recipients with
serum triglyceride concentrations > 500 mg/dL and
those with high serum LDL-C concentrations despite
treatment with lipid lowering agents should not be
administered mTOR inhibitors. Moreover, care should be
taken in administering these pagents to patients with
high serum LDL-C concentrations. mTOR inhibitors may
also result in proteinuria (CAVE: nephrotic syndrome),
which in turn increases serum lipid concentrations.
Therefore, proteinuria should be monitored regularly in
patients receiving these agents.
Patients should be regularly monitored for drugdrug interactions between lipid lowering and immuno
suppressive agents. For example, combining calcineurin
inhibitors, mTOR inhibitors and statins may increase
the serum concentrations of these drugs. Due to
increased risk of rhabdomyolysis, combinations of lipid
lowering agents should be avoided in LT recipients.
HLP in LT recipients receiving immunosuppressive
agents is treatable and responds well to lipid lowe
ring regimens. Transplant recipients should also be
monitored for secondary causes of HLP, including
hypothyroidism, diabetes and nephrotic syndrome.
The latter is characterized by proteinuria exceeding
3.5 g/24 h combined with hypoalbuminemia, edema,
hyperlipidemia and lipiduria. Excessive combined
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hyperlipidemia, mostly type V HLP, occurs in patients
with nephrotic syndrome. Therefore, treatment of
nephrotic syndrome is important in LT recipients.
We recommend that fasting lipid panel (total
cholesterol, LDL-C, HDL-C and triglycerides) be mea
sured in LT recipients before initiating statin therapy.
Patients should be followed-up after one, two, four,
eight, and 12 wk, and every three months therafter,
to assess safety and efficacy. This is consistent with
the ACC/AHA guidelines on the Treatment of Blood
cholesterol to Reduce Atherosclerotic Cardiovascular
[12]
Risk in Adults . Figure 1 provides an overview, based
on these recommendations and our experiences in
following up LT patients, on the diagnosis and possible
therapeutic interventions in lipid management of LT
recipients. As cardiovascular disease is the leading
cause of long term mortality in LT recipients, additional
prospective studies are warranted to confirm these
findings and determine whether these risk-reduction
strategies can attenuate the increased cardiovascular
risk seen in this population.
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MINIREVIEWS

Liver transplantation for hepatocellular carcinoma beyond
the Milan criteria: A review
Dong-Wei Xu, Ping Wan, Qiang Xia
effective therapy for hepatocellular carcinoma (HCC).
The Milan criteria (MC) are widely used across the
world to select LT candidates in HCC patients. However,
the MC may be too strict because a substantial subset
of patients who have HCC exceed the MC and who
would benefit from LT may be unnecessarily excluded
from the waiting list. In recent years, many extended
criteria beyond the MC were raised, which were proved
to be able to yield similar outcomes compared with
those patients meeting the MC. Because the simple use
of tumor size and number was insufficient to indicate
HCC biological features and to predict the risk of tumor
recurrence, some biological markers such as Alphafetoprotein, Des-Gamma-carboxy prothrombin and the
neutrophil-to-lymphocyte ratio were useful in selecting
LT candidates in HCC patients beyond the MC. For
patients with advanced HCC, downstaging therapy is
an effective way to reduce the tumor stage to fulfill the
MC by using liver-directed therapy such as transarterial
chemoembolization, radiofrequency ablation and
percutaneous ethanol injection. This article reviews the
recent advances in LT for HCC beyond the MC.
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Core tip: The Milan criteria (MC) were widely used
in selecting liver transplantation (LT) candidates in
hepatocellular carcinoma (HCC) patients. Because a
substantial subset of HCC patients exceeding the MC
and who would benefit from LT may be unnecessarily
excluded from the waiting list, many extended criteria
beyond the MC were raised. To predict the risk of
tumor recurrence, some biological markers were also
useful in HCC patients beyond the MC. Downstaging
and adjuvant therapies are effective ways to reduce
the tumor stage and the risk of recurrence. This
article reviews the recent advances in LT for HCC

Abstract
Liver transplantation (LT) has been accepted as an
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beyond the MC.

prognosis of HCC patients undergoing LT, Marsh et
[15]
al
investigated 307 transplant recipients with HCC
and found that the depth of vascular invasion, tumor
size, lobar distribution and lymph node status were
independent predictors of tumor free survival, while
tumor number did not affect the prognosis. On the
basis of these results, they proposed the modified
TNM criteria (also known as the Pittsburgh criteria),
which significantly expanded the indication of LT for
[17]
HCC. Chen’s study
showed that the Pittsburgh
Modified TNM Criteria were more reliable for prognostic
prediction in HCC patients undergoing LT than the
International Union Against Cancer (UICC) pTNM
staging system. However, lymph node metastasis and
tumor vascular invasion is difficult to diagnose before
surgery in many cases, which limited its application.

Xu DW, Wan P, Xia Q. Liver transplantation for hepatocellular
carcinoma beyond the Milan criteria: A review. World J
Gastroenterol 2016; 22(12): 3325-3334 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i12/3325.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i12.3325

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common cancer and the second cause of cancerrelated death all over the world. Liver transplantation
(LT) has been accepted as an effective therapy for HCC
with decompensated liver cirrhosis. In the early stage
of HCC treatment, however, the high tumor recurrence
rate and poor survival outcomes after LT aroused
[1-4]
[5]
attention . Mazzaferro et al in 1996 reported that
patients with a single tumor ≤ 5 cm in diameter,
or no more than three tumors ≤ 3 cm, displayed a
favorable long-term prognosis. The 4-year overall and
recurrence-free survival rates were 85% and 92%,
respectively, which were comparable to LT recipients
with benign diseases. The MC have been verified
by several centers around the world since then and
adopted by the United Network for Organ Sharing as
the main basis for selecting patients with early-stage
HCC for LT. However, many extended criteria beyond
the MC were proposed recently because only a fraction
of HCC patients are suitable for LT according to the
MC. Because the simple use of tumor size and number
were insufficient to precisely represent HCC biological
features, some biological markers were used in many
studies to evaluate the risk of tumor recurrence after
LT for patients with HCC beyond the MC. Moreover,
downstaging therapy to bring tumors to fulfill the
MC has also become an alternative to treatment for
patients with advanced HCC.

The UCSF criteria
[7]

Yao et al retrospectively analyzed 70 consecutive
transplant recipients and proposed the UCSF criteria:
solitary tumor ≤ 6.5 cm or ≤ 3 nodules with the
largest lesion ≤ 4.5 cm and a total tumor diameter
≤ 8 cm (Table 1). The 1- and 5-year survival rates of
the patients meeting the UCSF criteria were 90% and
75.2%, respectively, which is similar to the patients
fulfilling the MC. Patients meeting UCSF criteria but
exceeding the MC had a 2-year survival rate of 86%,
and the UCSF criteria added the LT candidates by
51.5% without compromising the survival.
In recent years, many centers have testified to the
value of the UCSF criteria. The University of California
[18]
at Los Angeles Transplant Center
in 2007 reported
467 cases of transplant recipients and 5-year survival
rates of patients meeting the MC and UCSF criteria
were 79% and 64%, respectively, with no significant
difference found between the use of the MC and UCSF
criteria. However, in this series, the 5-year survival
rate of patients exceeding UCSF criteria was less than
50%.

The up-to-7 criteria

In another attempt to expand the MC, Mazzaferro
[8]
et al proposed the up-to-7 criteria [the sum of
the tumor number and the size of the largest tumor
(in cm) was not larger than 7] on the basis of 1556
patients from 36 centers (Table 1). In this study, 283
patients without microvascular invasion but met the
up-to-7 criteria achieved a 5-year overall survival of
71.2%. The model established in this study firstly
stratified HCC patients in a continuum of outcome
probabilities, and offered consistent data to estimate
the outcome of LT recipients for HCC. However, the
up-to-7 criteria did not apply tumor grading, etiology
of cirrhosis, cause of death, response to pretransplant
treatments or some genomic markers that may predict
the outcomes of HCC patients. Moreover, the size and
the number of tumors may be inaccurate when using
imaging techniques, which may cause understaging or

EXTENDED CRITERIA OF LT FOR HCC
Because the use of MC unnecessarily exclude a
substantial subset of patients with HCC exceeding the
MC who might benefit from LT from the transplant
waiting list, several extended criteria beyond the MC
have been reported recently, such as the Pittsburgh
criteria, the University of California at San Francisco
(UCSF) criteria, the up-to-7 criteria, among other
criteria. Although these criteria greatly expanded the
indication of LT for HCC, most studies showed that the
newly added patients using extended criteria could
achieve similar outcomes compared with patients
[6-16]
within the MC
.

The Pittsburgh criteria

To establish a more precise system to predict the

WJG|www.wjgnet.com

3326

March 28, 2016|Volume 22|Issue 12|

Xu DW et al . Liver transplantation for HCC beyond MC
Table 1 Selection criteria in different centers for hepatocellular carcinoma beyond the Milan criteria
Criteria

Year

Country

Sample size
DDLT

[7]

UCSF

2001

America

70

Contents of criteria

LDLT
0

Up-to-7[8]

2009

Italy

1404

121

Tokyo[9]

2007

Japan

0

78

Hangzhou[12]

2008

China

195

0

Kyoto[6]

2007

Japan

0

125

Shanghai[14]

2009

China

1074

4

Asan[11]

2008

South Korea

0

221

Tumor ≤ 6.5 cm, or ≤ 3 nodules with the
largest ≤ 4.5 cm and a total tumor ≤ 8 cm
The sum of the tumor number and the size of
the largest tumor no larger than 7 cm
Tumors no larger than 5 cm and no more
than 5 nodules
Tumor ≤ 8 cm, or tumor > 8 cm,
histopathologic grade I or II and preoperative
AFP ≤ 400 ng/mL
Tumor ≤ 10 nodules, all ≤ 5 cm and a serum
DCP level ≤ 400 mAU/mL
Tumor ≤ 9 cm, or ≤ 3 lesions with the
largest ≤ 5 cm, tumor ≤ 9 cm without
macrovascular and lymph node invasion and
extrahepatic metastasis
Tumor ≤ 5 cm in diameter, ≤ 6 in nodule
number, and free of gross vascular invasion

Survival (5-yr)
OS

RFS

75.2%

None

71.2%

None

75.0%

94% (3-yr)

78.3%

62.4%

86.7%

None

78.1%

52.6%

81.6%

None

UCSF: University Of California San Francisco; LDLT: Living donor liver transplantation; DDLT: Deceased donor liver transplantation; OS: Overall survival;
RFS: Relapse free survival.

Other criteria from Asian countries

overstaging.

Kyushu University reported that patients with an
HCC ≤ 5 cm and a serum Des-Gamma-carboxy
prothrombin (DCP) level ≤ 300 mAU/mL could
[13]
achieve a 5-year survival rate of 82.7%
(Table 2).
At Kyoto University, a 5-year survival rate of 86.7%
was achieved in patients with an HCC ≤ 10 nodules;
all nodules were ≤ 5 cm in diameter and had a serum
[6]
DCP level lower than 400 mAU/mL (Table 2). The
study from the Asan Medical Center in South Korea
showed that the 5-year survival rate of patients with
an HCC ≤ 5 cm in diameter, ≤ 6 in nodule number,
[11]
and free of gross vascular invasion was 81.6% .
Furthermore, the Shanghai criteria include a
solitary lesion ≤ 9 cm in diameter or no more than
three lesions with the largest being ≤ 5 cm with a
total tumor diameter ≤ 9 cm without macrovascular
invasion, lymph node invasion and extrahepatic
metastasis, and this criteria achieved a 5-year overall
[14]
survival of 78.1% . In another study conducted in
Shanghai, a new promising grading system for HCC
[20]
exceeding the MC was established by Wan et al .
Patients with grade I (maximum tumor size ≤ 10 cm,
preoperative AFP ≤ 400 ng/ml and no vascular and
extrahepatic invasions) could achieve similar survival
outcomes compared with patients fulfilling the MC
(Table 2).

The Tokyo criteria

The 5-5 rule (tumors no larger than 5 cm and no
more than 5 nodules), the first well-defined criteria
for potential candidates for living donor liver trans
plantation (LDLT), was proposed by University of Tokyo
[9]
in 2007 (Table 1). In the study, 78 adult patients
underwent LDLT were investigated, and the 3-year
recurrence-free survival rate of patients fulfilling and
exceeding the criteria was 94% and 50%, respectively.
Compared with patients fulfilling the MC, patients
within the 5-5 rule showed equivalent recurrencefree survival rates. Due to the short median followup period and the small patient number, however, a
further large-scale study is necessary to verify the
general application of the 5-5 rule.

The Hangzhou criteria

Nearly half of HCC cases in the world are from China.
Data from the China Liver Transplant Registry (CLTR)
showed that more than 23000 patients with HCC
[19]
underwent LT before 2012 . The Hangzhou center,
established by Chinese researchers, adopted the
histopathologic grade and biological marker alpha
fetoprotein (AFP) for selection of LT candidates. The
Hangzhou criteria included a total tumor diameter less
than or equal to 8 cm or a total tumor diameter more
than 8 cm, with a histopathologic grade Ⅰ or Ⅱ and a
preoperative AFP level less than or equal to 400 ng/ml
(Table 1). Notably, a 5-year survival rate of 72.3% was
achieved in HCC patients within the Hangzhou criteria.
A recent study that reviewed 6012 HCC patients based
on the CLTR data reported that the Hangzhou criteria
added to the LT candidates by 51.5% compared with
[19]
the use of the MC .

WJG|www.wjgnet.com

BIOMARKERS USED TO PREDICT HCC
RECURRENCE AFTER LT
Most of the extended criteria above are established
based on tumor size and number, which are more
objective and convenient for clinical application, but
insufficient to precisely indicate HCC biological features
and to predict the risk of tumor recurrence. Many
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Table 2 Tumor markers and the cut-off of different selection criteria
Markers

Authors

Cut-off

AFP

Zheng et al[12]
Toso et al[27]
Wan et al[20]

AFP ≤ 400
AFP ≤ 400
AFP ≤ 400

DCP

Ito et al[6]
Soejima et al[13]
Xiao et al[43]
Wan et al[30]
Na et al[47]
Todo et al[35]
Shindoh et al[36]

DCP ≤ 400
DCP ≤ 300
NLR < 4
AFP ≤ 400, CA199 ≤ 400
NLR < 6.0 or CRP < 1.0
DCP ≤ 100, AFP ≤ 200
AFP ≤ 250, DCP ≤ 450

NLR
AFP/CA199
NLR/CRP
DCP/AFP

Other content

Survival (5-yr)

Hangzhou criteria
Total tumor volume ≤ 115 cm3
Tumor ≤ 10 cm, no vascular and extrahepatic
invasions
Tumor size ≤ 10 cm
Tumor size ≤ 5 cm
None
None
None
Milan criteria
Tokyo criteria

OS

RFS

78.3%
None
73.7%

62.4%
None
74.4%

86.7%
None
61.5%
74.6%
None
None
84.0%

None
93.8% (3-yr)
60.7%
78.5%
None
96.4%
96.8%

AFP: Alpha fetoprotein; DCP: Des-Gamma-carboxy prothrombin; NLR: Neutrophil-to-lymphocyte ratio; OS: Overall survival; RFS: Relapse free survival.

[32]

centers have demonstrated that vascular invasion
and poor tumor differentiation are the most important
[18,21,22]
factors affecting HCC recurrence
. Large or
multiple HCCs were not always associated with poor
biological behavior, indicating that tumor size and
number could not completely predict vascular invasion
and tumor grade. Although some studies have added
the histopathologic characteristics of the tumor when
[7,12,14,15]
evaluating the risk of tumor recurrence
, the
histopathologic results are usually difficult to obtain
before LT. However, many biomarkers and their
dynamic changes were demonstrated to be promising
predictors for the prognosis of HCC patients after LT.

et al
confirmed patients beyond the MC with tumor
3
growth < 1.61 cm /mo experienced less recurrence
than those beyond the MC with tumor growth > 1.61
3
cm /mo.

DCP

DCP, also known as protein induced by vitamin K
absence or antagonist Ⅱ (PIVKA-Ⅱ), has also been
used as an important HCC biological marker. Correla
tions between DCP levels and HCC microvascular
invasion and metastasis have been reported in several
[33,34]
studies
. In the transplantation field, centers
from Japan first used the DCP levels in LT candidate
[6,13]
[35]
selection
. Todo et al conducted a study involving
49 centers of 653 patients and reported that recipients
beyond the MC but with serum AFP levels ≤ 200
ng/mL and serum PIVKA-Ⅱ levels ≤ 100 mAU/mL had
a 5-year disease-free survival rate of 84.3%. Recently,
[36]
Shindoh et al
also confirmed the predictive value of
pre-transplant AFP and DCP levels for post-transplant
HCC recurrence. After investigating 124 patients who
underwent LDLT for HCC, they proposed a new scoring
system that was composed of AFP (≤ 250 ng/ml),
DCP (≤ 450 mAU/ml) and the Tokyo criteria (≤ 5
tumors with each tumor ≤ 5 cm). Patients fulfilling all
or two of the three factors (AFP, DCP and the Tokyo
criteria) had better 5-year disease-free survival rates
than patients fulfilling only one, or none of the three
factors.

AFP

AFP is the most common prognostic maker that has
been studied extensively in HCC. Several centers
have identified the value of preoperative AFP
concentrations in predicting prognosis after LT for
[10,12,23-25]
HCC patients
. A recent study by Berry et
[26]
al
also showed that preoperative AFP level could
independently predict the prognosis of HCC patients
[27]
after LT. In 2009, Toso et al
investigated 6478
recipients of the Scientific Registry of Transplant
Recipients (SRTR) and proposed that the total tumor
volume (TTV) and preoperative AFP level could
independently predict patient survival. Recently, they
reconfirmed the previously proposed viewpoint and
expanded the criteria to HCC patients with TTV (≤
3
[28]
115 cm )/AFP (≤ 400 ng/mL) . A systematic review
[29]
conducted by Hakeem et al
has shown that a
preoperative AFP level > 1000 ng/mL was associated
with poorer outcomes of recipients with HCC. A study
[30]
by Wan et al showed that the use of serum AFP and
carbohydrate antigen 19-9 (CA19-9) level will greatly
improve the prognostic prediction of HCC patients
[31]
after LT. Xu et al
investigated the AFP data before
and after LT in 97 patients and reported that posttransplant AFP levels that did not decrease to ≤ 20
ng/ml within 2 mo were indicative of higher risk of
recurrence. Another study conducted by Hanouneh

WJG|www.wjgnet.com

Neutrophil-to-lymphocyte ratio

Neutrophil-to-lymphocyte ratio (NLR), also known
as an index of systemic inflammation, has been
reported to be associated with the prognosis of HCC
[37]
patients . Several studies have highlighted the value
of preoperative NLR in predicting outcome after LT
[38-41]
[42]
for HCC
. A study conducted by Harimoto et al
showed that the 3-year survival rate after recurrence
in patients with NLR < 4 (43.6%) was higher than
[43]
patients with NLR ≥ 4 (0%). Xiao et al
determined
that NLR ≥ 4 was the main predictor of tumor
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[59]

recurrence in HCC patients after LT. A recent study,
however, reported that NLR was not significantly
associated with post-LT HCC recurrence. Another study
also showed that increased NLR was associated with
[44]
worse overall survival and recurrence-free survival .

successfully reduced HCC to within the MC . Lei et
[60]
al
investigated 72 patients with advanced HCC and
reported that recipients fulfilling the MC or UCSF criteria
after accepting successful preoperative downstaging
therapy in LDLT can achieve similar outcomes. Yao et
[61]
al also confirmed that after successfully downstaging
to within the MC, HCC recipients could achieve low
HCC recurrence rates and excellent post-transplant
survival which was comparable to those fulfilling the
[62]
MC without downstaging therapy. Agopian et al
performed a retrospective review of 501 patients
who received neoadjuvant therapies and found
that compared with recipients without cPR, patients
with cPR had significantly lower MELD scores and
significantly superior 1-, 3-, and 5-year recurrencefree and disease-specific survival.
TACE has been widely used as an optional
treatment for patients with unresectable HCC. The
initial experience showed conflicting outcomes in
[63,64]
treating HCC patients awaiting LT with TACE
.
Recently more studies highlighted the importance
[65-69]
of TACE in downstaging therapy and cPR
. In a
[65]
retrospective report by Chapman et al , patients
successfully downstaged by TACE alone achieved
excellent midterm disease-free rates and overall
survival. In another study, 77% T3N0M0 HCC patients
successfully reduced their tumor stage to fulfill the
[67]
MC by TACE . Several studies regarded that TACE
mediates its effect by inducing complete histological
necrosis, with reported rates of cPR in 27% to 57% of
[68,69]
patients with TACE
.
RFA has also been verified as an effective treatment
[70]
for HCC by many studies . In the transplantation
field, RFA was used as a bridge treatment to LT in
[71-73]
[71]
many centers
. Yao et al
reported HCC patients
exceeding the conventional criteria achieved an
excellent survival rate after LT when combining RFA
[74]
with other loco-regional therapies. Tsuchiya et al
recently reported that recurrence within 1 year after
initial locally curative RFA therapy and AFP levels >
100 ng/mL were independently associated with earlier
recurrence in patients exceeding the MC.
Although more and more centers have highlighted
the value of various downstaging therapies, the posttransplant HCC recurrence rates are higher than patients
[59]
fulfilling MC without pre-transplant therapies . To
further study the role of these downstaging therapies
in patients with advanced HCC, more randomized data
comparing these therapies are also necessary.

C-reactive protein

Serum C-reactive protein (CRP), another inflammation
maker, has also been shown to be related to the
[45]
prognosis of HCC patients. Both An et al
and Kim
[46]
et al
determined that, the high CRP level was an
independent factor in predicting poor outcomes in HCC
patients beyond the MC, but not in patients within
[47]
the criteria. Na et al
investigated 224 patients and
reported that the disease-free survival and overall
survival in patients with NLR levels ≥ 6.0 or CRP levels
≥ 1.0 were significantly worse than those of patients
with NLR levels < 6.0 or CRP levels < 1.0. Chung et
[48]
al
also confirmed that the intra-operative decline
of CRP was related to the occurrence of gross posttransplant outcomes. However, another study reported
that the pre-transplant CRP level was not significantly
[36]
associated with disease-free survival . The clinical
relevance and prognostic value of these inflammatory
markers are still being debated, and further studies
are needed to confirm their role in LT.

Fluorine-18-fluorodeoxyglucose

Fluorine-18-fluorodeoxyglucose (FDG) positron
emission tomography (PET) has been verified to be
effective in predicting the outcome of HCC patients
after liver resection and detecting extrahepatic
[49-52]
metastases and recurrent HCC
. In the trans
[53]
plantation field, Yang et al
first reported that the
recurrence-free survival rate of PET (-) recipients was
significantly higher than that of PET (+) recipients.
Several centers successively highlighted the value
of preoperative FDG-PET in the assessment of
tumor aggressiveness and in the prediction of tumor
[54-57]
recurrence after LT
. A recent study conducted by
[58]
Kornberg et al
showed the 5-year recurrence-free
survival rate of recipients exceeding the MC with PET (-)
was comparable to that of recipients within MC (81%
vs 86.2%), but it was significantly higher than that of
recipients exceeding MC with PET (+) (n = 14, 21%, P
= 0.002).

HCC DOWNSTAGING ADJUVANT
THERAPY BEFORE LT
Downstaging has been proved to be an effective
way for patients with advanced HCC to reduce the
tumor stage to fulfill the MC and achieve a complete
pathologic response (cPR) by undergoing neoadjuvant
therapies such as transarterial chemoembolization
(TACE), radiofrequency ablation (RFA) and percutaneous
ethanol injection. A recent systemic review including
950 patients reported that more than 40% of patients

WJG|www.wjgnet.com

LDLT VS DDLT FOR HCC BEYOND THE
MC
Currently, approximately 70% of LDLT recipients
are from Asian countries due to the shortage of
deceased donation, which was caused by many social
and cultural reasons. There are several advantages
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including reducing the pretransplantation waiting
time of patients with HCC, alleviating the ischemiareperfusion injury because of shortened ischemic
time, providing a an optimal donor graft for those
with end-stage liver disease and even a timely graft
for patients with fulminant hepatic failure promote
the development of the approach. Although LDLT is
criticized for its higher rate of surgical complications
post-transplantation(biliary complications, vascular
[75,76]
complications) than DDLT
, it has been generally
recognized by most studies that LDLT could achieve a
comparable long-term survival rate in adult patients
[77-79]
compared with DDLT
.
The criteria from western countries were mainly
based on a single-center experience with DDLT.
[6,9,13]
[11]
Centers from Japan
and South Korea , however,
proposed appropriate criteria for patients undergoing
[80]
LDLT. Shirabe et al
recently investigated 109
consecutive HCC recipients undergoing LDLT and
reported that compared with the other expanded
criteria (UCSF, Tokyo, Kyoto University and Up-toseven criteria), the Kyushu University criteria were the
most powerful predictive criteria for HCC recurrence
after LT.
For patients with HCC exceeding the MC, whether
recurrence and survival rate in LDLT are different from
[81]
those in DDLT remains controversial. Woo et al
reviewed 37 patients exceeding the MC and reported
that a tumor size > 6 cm, progressive disease after
pre-transplant treatment and a tumor exposed to the
liver surface may be useful for identifying those with
high HCC recurrence potential after LDLT. A study
[82]
from Bhangui et al
confirmed the advantage of
shorter waiting time in LDLT; they also verified that
patients exceeding the MC and UCSF criteria showed
a trend toward worse outcomes with LDLT compared
with those of DDLT. Recently, a study conducted in
Hangzhou, however, showed that outcomes after LDLT
are better than those after DDLT for HCC patients who
[83]
did not meet the Hangzhou criteria .
For patients within the MC, the long-term survival
rate was comparable between DDLT and LDLT.
However, to further verify the value of LDLT in HCC
recipients exceeding the MC, further case-controlled
research with larger patient number needs to be
conducted to propose more appropriate selection
criteria.

with capecitabine, SFN could reduce or delay tumor
recurrence after LT and improve patient survival.
In a case-control study designed in Taiwan, HCC
patients exceeding the MC after OLT treated with
adjuvant sorafenib had better disease-free and overall
[85]
survival rate than those in the control group . Other
[86-88]
studies
also confirmed the role of SFN in the
treatment of HCC recurrence.
Calcineurin inhibitors (CNIs) were widely used
in LT. However, the short and long term adverse
effects including renal dysfunction and a dosedependent increase in the post-transplant risk of
[89-91]
HCC recurrence drew attention
. The mammalian
target of rapamycin inhibitors (mTORi), such as
everolimus or sirolimus, might represent an alternative
immunosuppressive agent; the antineoplastic effect of
[92]
mTORi has also been confirmed by several studies .
Two meta-analyses have reported that compared with
CNIs or SRL-free regimens, sirolimus is associated
with significantly lower HCC recurrence rates after
[93,94]
LT
. A more recent meta-analysis including 42
studies of 3666 patients confirmed that compared
with CNIs, mTORi was associated with lower rates of
[95]
HCC recurrence after LT . Moreover, the rates of HCC
recurrence in HCC patients within the MC were lower
in mTORi (3.8% vs 9.2%, P = 0.03), but no difference
was observed among patients who had HCC exceeding
[95]
the MC (29.5% vs 29.2%, P = 1.0) .

CONCLUSION
As various therapies mature, the treatment of HCC
has progressed greatly. Because a large number of
patients who exceeded the MC were unnecessarily
excluded according to the MC, several extended
criteria beyond the MC were proposed to benefit
these recipients. Moreover, many biological markers
such as AFP, DCP, NLR and CRP have been verified
to be closely associated with HCC patients’ prognosis
and the risk of post-transplant recurrence. Although
downstaging tumors to fulfill the MC allows patients
with advanced HCC to potentially have an opportunity
for LT, the high tumor recurrence rate after LT reported
in some studies has raised attention. Moreover, SFN
and mTORi may be useful to reduce the risk of HCC
recurrence and to treat recurrent HCC after LT. As for
the selection of graft type, the outcomes of LDLT for
patients beyond the MC remains controversial.

POSTTRANSPLANT ADJUVANT
TREATMENT FOR HCC
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Abstract
AIM: To investigate whether the expression of platelet+
derived growth factor receptor-α-positive (PDGFRα )cells is altered in Hirschsprung’s disease (HD).
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METHODS: HD tissue specimens (n = 10) were
collected at the time of pull-through surgery, while
colonic control samples were obtained at the time of
colostomy closure in patients with imperforate anus (n
+
= 10). Immunolabelling of PDGFRα -cells was visualized
using confocal microscopy to assess the distribution of
these cells, while Western blot analysis was undertaken
to quantify PDGFRα protein expression.
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RESULTS: Confocal microscopy revealed PDGFRα+cells within the mucosa, myenteric plexus and smooth
muscle in normal controls, with a marked reduction in
+
PDGFRα -cells in the HD specimens. Western blotting
revealed high levels of PDGFRα protein expression in
normal controls, while there was a striking decrease in
PDGFRα protein expression in the HD colon.
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CONCLUSION: These findings suggest that the altered
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distribution of PDGFRα -cells in both the aganglionic
and ganglionic HD bowel may contribute to the motility
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that PDGF-A and the PDGFRα are important in
gastrointestinal development, as mice lacking PDGF-A
or PDGFRα develop abnormal gastrointestinal mucosal
lining, which is also associated with a loss of PDGFRαpositive mesenchymal cells underlying the intestinal
epithelium.
Hirschsprung’s disease (HSCR) is a congenital gut
motility disorder with an incidence of 1 in 5000 live
[8]
births . It is characterized by an absence of ganglia
[9]
within the distal colon for varying distances . Most
cases present in the newborn period with a failure
to pass meconium, abdominal distension and bilious
vomiting. A disruption of neural crest cell migration
during the early stages of embryonic development is
thought to be the main cause of this condition, with
neural crest cells failing to complete their cranio-caudal
colonization of the gastrointestinal tract. In addition
to a lack of ganglia, many studies have documented
deficiencies in smooth muscle proteins, extracellular
matrix molecules, ion channels and various other
[10]
important molecules in HSCR colon . Our group
has previously reported a reduction of ICCs in HSCR
[11]
colon .
In recent years, several animal studies have reported
+
the expression of the PDGFRα -cells in the various
regions of the gastrointestinal tract. However, there
+
is little information available regarding PDGFRα -cells
distribution in gastrointestinal diseases. We designed
+
this study to test the hypothesis that PDGFRα -cell
distribution is altered in Hirschsprung’s disease.

Core tip: Hirschsprung’s disease is a congenital
condition characterised by an absence of ganglia
in the distal colon. Platelet-derived growth factor
+
receptor-α-positive (PDGFRα )-cells are a novel cell
type recently found to be involved in gastrointestinal
neurotransmission and smooth muscle contractility. Our
+
study has revealed a striking decrease in PDGFRα -cell
expression in Hirschsprung’s disease colon compared to
normal control colon. These results suggest an exciting
+
new role for PDGFRα -cells in the pathophysiology of
this complex condition.
O’Donnell AM, Coyle D, Puri P. Deficiency of platelet-derived
growth factor receptor-α-positive cells in Hirschsprung’s disease
colon. World J Gastroenterol 2016; 22(12): 3335-3340 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i12/3335.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i12.3335

INTRODUCTION
Gastrointestinal smooth muscle contraction is con
trolled by co-ordinated interaction of three main
cell types: enteric nerve cells, interstitial cells of
Cajal (ICCs) and smooth muscle cells (SMCs). In
recent years, a fourth cell type has been described
as forming part of this complex network, namely
platelet-derived growth factor receptor alpha-positive
+
+
cells (PDGFRα -cells). These PDGFRα -cells were, for
many years, known as “fibroblast-like cells” or “ICClike” cells, as they resembled ICCs morphologically,
[1]
but were c-kit negative . More recently, enhanced
green fluorescent protein (eGFP) labelling of these
cells, as well as commercial availability of antibodies
directed against PDGFRα, has enabled specific and
[2]
+
reliable identification of this cell type . PDGFRα -cells
form discrete networks in the region of the myenteric
plexus and within the circular and longitudinal
[3]
+
muscle layers . PDGFRα -cells express the small2+
+
conductance Ca -activated K channel (SK3), which is
an important mediator of purinergic neurotransmission
[3,4]
in gastrointestinal smooth muscle .
Platelet-derived growth factors (PDGFs) comprise
four subtypes (A, B, C, and D), and their receptors,
PDGFRs, have two subtypes, PDGFRα and PDGFRβ.
It is known that PDGFs exist in epithelial cells, en
dothelial cells, and fibroblasts of adult mammals.
They play an important role in cell proliferation,
[5,6]
survival, and migration . PDGFs are also present
in the extracellular matrix and participate in tissue
remodeling. It has been demonstrated that the
PDGF/PDGFR signaling pathway plays a crucial role in
embryonic development, especially in organogenesis,
including alveogenesis, glomerulogenesis, angiogenesis
[5]
and spermatogenesis . This signaling pathway is
also essential for interstitial cell and mesenchymal
[7]
cell proliferation. Bonner have previously shown
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MATERIALS AND METHODS
Tissue samples

This study was approved by the Ethics Medical
Research Committee, Our Lady’s Children’s Hospital,
Dublin, Ireland (Ref. GEN/292/12) and tissue samples
were obtained with informed parental consent. HD
specimens from 10 patients who underwent pullthrough surgery were studied. These specimens
were divided into aganglionic and ganglionic samples.
Patients were aged 6 ± 3 mo old. No additional health
issues existed in these patients. Colonic control samples
included 10 specimens from patients who underwent
colostomy closure following surgical correction of
imperforate anus. Control samples were taken from
patients who were 11 ± 4 mo old. None of the
imperforate anus patients had HD. Tissue specimens
were either snap-frozen in liquid nitrogen and stored
at -80 ℃ for protein extraction or embedded in OCT
Mounting Compound (VWR International, Leuven,
Belgium) for immunofluorescence and stored at -80 ℃
until use.

Immunofluorescence staining and confocal microscopy

Frozen blocks of HD colon and control samples were
sectioned transversely at a thickness of 10 μm, mounted
®
on SuperFrost Plus slides (VWR International, Leuven,
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Belgium) and fixed with 10% buffered formalin for 5
min. Sections underwent cell membrane permeabilization
with 1% TritonX-100 for 20 min at room temperature.
After blocking with 10% normal goat serum (Sigma
Aldrich Ltd, Arklow, Ireland) for 30 min to avoid nonspecific absorption, sections were incubated with
primary antibodies: Primary antibodies including: rabbit
anti- PDGFRα (Abcam, Cambridge, United Kingdom),
mouse anti-HuC/HuD (Molecular Probes), mouse antiα-smooth muscle actin, mouse anti-c-kit mouse antiTLR4, mouse anti-TLR5 (Abcam, Cambridge, United
Kingdom), and mouse anti-P2YR1 (Abnova, Taiwan) all
used at dilution 1:100, overnight at 4 ℃. Sections were
then washed in PBS + 0.05% Tween and incubated with
corresponding secondary antibodies (goat anti-rabbit
®
Alexa Fluor 488, dilution 1:200 and goat anti-mouse
®
Alexa Fluor 647, dilution 1:200, Abcam, Cambridge,
United Kingdom) for 1 h at room temperature. After
washing, sections were counterstained with DAPI
antibody, dilution 1:1000 (Roche Diagnostics GmbH,
Mannheim, Germany) for 10 min, washed, mounted and
cover-slipped with Fluorescent Mounting Medium (DAKO
Ltd, Cambridgeshire, United Kingdom). All sections were
independently evaluated by two investigators with a
LSM 700 confocal microscope (Carl Zeiss MicroImaging
GmbH, Jena, Germany).

Cambridge, United Kingdom) as an additional loading
control.

RESULTS
Immunofluorescence staining and confocal microscopy
+

Confocal microscopy revealed PDGFRα -cells within
the mucosa, myenteric plexus and smooth muscle in
+
colonic controls, with a marked reduction in PDGFRα cells in the HD specimens (Figure 1). As other authors
+
have reported, we noticed that PDGFRα -cells and their
projections were located adjacent to and surrounding
both enteric neurons and fibres, as well as alongside
ICCs in the myenteric plexus and within the smooth
muscle layers. In the colonic mucosa, we found
+
PDGFRα -cells expressed the toll-like receptors 4
and 5, as well as the purinergic receptor, P2Y2R1, as
has previously been reported in the murine colonic
[2]
mucosa .

Western blot

Western blotting revealed high levels of PDGFRα
protein expression in colonic controls, while there was
a striking decrease in PDGFRα protein expression in
both ganglionic and aganglionic regions of HD (Figure
2). Equal expression was observed in ganglionic vs
aganglionic segments.

Protein extraction and Western blot

Specimens of HD colon and healthy control colon were
homogenized in RIPA buffer (Radio Immunoprecipitation
Assay, Sigma-Aldrich Ltd., Wicklow, Ireland) containing
1% protease inhibitor cocktail (Sigma-Aldrich Ireland
Ltd., Wicklow, Ireland). Protein concentrations were
determined using a Bradford assay (Sigma-Aldrich
Ireland Ltd., Wicklow, Ireland). A total volume of 20
μL Laemmli sample buffer (Sigma-Aldrich Ireland Ltd.,
Wicklow, Ireland) containing 10 μg of protein was
loaded in the 10% SDS-PAGE gel (NuPAGE Novex
Bis-Tris gels, Invitrogen, Carlsbad, United States) for
electrophoretic separation. The electrophoresis was
performed in MES SDS running buffer (Invitrogen,
Carlsbad, United States). Proteins were then transferred
to 0.45 μm nitrocellulose membrane (Millipore
Corporation, Billerica, United States) by western
blotting. Following western blotting, the membranes
were blocked in 3% BS-0.05% Tween for 30 min before
antibody detection. A primary antibody, rabbit antiPDGFRα (Abcam, Cambridge, United Kingdom), dilution
1:1000, was used and incubation was performed
o
overnight at 4 C. Following extensive washing (four
times in PBS-0.05% Tween) the membranes were
incubated with the appropriate secondary antibody (goat
anti-rabbit IgG, HRP-linked Antibody, dilution 1:10000,
Abcam, Cambridge, United Kingdom) followed by
washing (four times in PBS-0.05% Tween). Detection
was performed with the ECL plus chemiluminescence
kit (Thermo, Fisher Scientific, Dublin, Ireland). We used
GAPDH (mouse anti-GAPDH, dilution 1:1000, Abcam,
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DISCUSSION
+

The location of PDGFRα -cells alongside enteric
nerves, ICCs, their close proximity to nerve varicosities
and the fact that they are coupled by gap junctions
to SMCs, strongly suggest a role for these cells in
[12-14]
enteric neurotransmission
. ICCs are the enteric
pacemaker cells, which also function as mediators
of neurotransmission, and are important regulators
of GI motility. C-kit, which is structurally similar to
PDGFRs, is mainly expressed in ICCs of the GI tract.
C-kit and PDGFRα are both receptor tyrosine kinases.
+
We postulate that in HD colon, the role of PDGFRα cells in purinergic neurotransmission is disrupted
leading to bowel dysmotility in both the ganglionic and
aganglionic segments.
Many studies have investigated the expression of
+
PDGFRα -cells in the gastrointestinal tract of various
[1]
animals in recent years. Iino et al were the first
+
authors to examine PDGFRα -cells in the murine
gastrointestinal tract. They observed these cells in the
musculature in all regions of the gastrointestinal tract,
closely associated with intramuscular ICCs and enteric
+
nerve fibres. In the myenteric plexus, PDGFRα -cells
were seen to form a cellular network with their ramified
processes and encompassed myenteric ganglia.
+
Numerous PDGFRα -cells were also observed in the
[1]
sub-serosal plane and showed a multipolar shape .
+
They also analyzed the distribution of PDGFRα -cells
in the ICC-deficient W(v)/W(v) mutant mice and
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Figure 1 Immunofluorescent staining of platelet-derived growth factor receptor-α-positive-cells. Immunofluorescent staining of platelet-derived growth factor
receptor-α-positive (PDGFRα+)-cells (green) in the myenteric plexus of normal control (A), aganglionic (B) and ganglionic (C) colon, arrow shows cell body. Nuclei
were stained with DAPI (blue). Mucosal PDGFRα+-cells (green) were seen to co-express TLR4 (red) (D) (arrow), TLR5 (red) (E) (arrow) and P2RY1 (red) (F) (arrow).
A-F: Magnification × 40.
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N
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+
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found that the expression pattern of PDGFRα -cells
was the same as that in wild-type mice, suggesting no
+
[1]
interdependence between ICCs and PDGFRα -cells .
The authors also reported different morphological
+
features of PDGFRα -cells dependent on which region
+
of the GI tract they assessed; for example PDGFRα cells in the myenteric plexus of the gastric fundus had
wider cell bodies than those in other GI regions, while
+
PDGFRα -cells in the circular muscle layer of the small
and large intestines had wider cell bodies and more
[1]
cytoplasmic extensions than those of the stomach .
[12]
A later study by Cobine et al
examined the
+
distribution of ICCs, PDGFRα -cells and nitric-oxidesynthase-positive neurons and nerve fibres in the
internal anal sphincter of both wild-type mice and
KitW/Wv mice, in which ICC numbers are greatly
reduced in many regions of the GI tract. They found
+
that PDGFRα -cells made up 18% of the total tissue
volume within the circular muscle layer of the mouse
internal anal sphincter, compared to ICC-IM which
made up only 5% of tissue volume. They also noted
+
PDGFRα -cells distributed within the submucosa and
along the serosal and myenteric surfaces. They also
noted a close morphological arrangement between
+
inhibitory motor neurons, ICC-IM and PDGFRα( )-IM,
which suggested functional interaction between these
[12]
cell types in the internal anal sphincter .
[13]
Kurahashi et al
were the first group to confirm

-180 kDa (PDGFRa)

-36 kDa (GAPDH)

Relative density pDGFRa/GAPDH

B

a
9
8
7
6
5
4
3
2
1
0

a

Normal control

Aganglionic

Ganglionic

Figure 2 Western blot of platelet-derived growth factor receptor-α pro
tein expression. A: Platelet-derived growth factor receptor-α (PDGFRα)
protein expression was high in normal controls and markedly decreased in
both ganglionic and aganglionic specimens. The loading control GAPDH was
similarly expressed in normal controls, ganglionic and aganglionic specimens;
B: Densitometry analysis showed the range of PDGFRα protein expression
among the samples studied. aP values are significant vs normal control.
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+

a functional role for PDGFRα cells in gastrointestinal
smooth muscle using transgenic mice with constitutive
expression of enhanced green ﬂuorescent protein
+
(eGFP) in PDGFRα -cells, which allowed the authors
+
to isolate and study the function of PDGFRα -cells.
+
They found that PDGFRα -cells expressed appropriate
receptors and effectors to receive and transduce
[13]
purinergic neural signals . In 2012, another study by
[3]
Kurahashi et al used immunohistochemical techniques
to study the phenotype and intercellular relationships
+
PDGFRα -cells widely distributed throughout the tunica
muscularis of the human colon. They reported that
+
PDGFRα -cells form discrete networks in the region
of the myenteric plexus and within the circular and
longitudinal muscle layers of the human colon. These
cells were seen to be distinct from ICCs and were
closely associated with varicose processes of neurons
expressing the excitatory neurotransmitter substance P
or the inhibitory neurotransmitter neuronal nitric oxide
+
synthase. They also found that PDGFRα -cells express
+
+
small conductance Ca(2 )-activated K( ) channels
(SK3), which are likely to mediate purinergic neural
[3]
regulation of colonic muscles . Our group has also
recently confirmed SK3 channel expression is decreased
[4]
in HD .
Furthermore, another recent study by Peri et
[15]
al
confirmed that SK3 channels are strongly
+
enriched in PDGFRα -cells and that the expression
of these channels in this cell type far exceeded their
expression in either ICCs or SMCs. Analysis showed
that P2X receptor genes were expressed more highly
+
+
in PDGFRα -cells than SMCs. PDGFRα -cells showed
high expression of P2rx1, P2rx3, P2rx4, P2rx5, P2rx6,
+
and particularly P2rx7. In addition, PDGFRα -cells
showed high expression of P2ry1, P2ry2, P2ry12,
+
and P2ry13. Therefore, PDGFRα -cells might be a
target for extracellular ATP acting on ionotropic P2X
receptors, as well as P2Y receptors which are activated
[15]
by adenine, pyridine, and pyrimidine nucleotides .
[2]
Kurahashi et al , also revealed a unique population
+
of PDGFRα -cells in the mucosal layer of colon. These
+
authors found that sub-epithelial PDGFRα -cells in the
mouse colonic mucosa expressed toll-like receptor
genes, purinergic receptor genes, 5-hydroxytryptamine
[14]
4 receptor gene, and hedgehog signaling genes .
In our current study, we have verified that the
+
mucosal PDGFRα -cells in the human colon also
express TLR4, TLR5 and P2RY1, as has been observed
in the mouse colonic mucosa, suggesting a role for
these cells in the immune response and in purinergic
neurotransmission. The results of our study have
+
revealed a striking decrease in PDGFRα -cell expression
in both ganglionic and aganglionic regions of HD
compared to normal control colon. We have previously
also shown a marked decrease in the expression of
both ICCs and SK3 channels in HD colon compared
[11,16]
+
to controls
. The reduced volume of PDGFRα cell expression indicates a deficiency in inhibitory
neurotransmission in HD bowel and may further our
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understanding of the mechanism by which aganglionic
bowel remains in a state of tonic contraction. These
+
results suggest an exciting new role for PDGFRα -cells
in the pathophysiology of this complex condition.
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Background

Gastrointestinal smooth muscle contraction has been thought to be controlled
by co-ordinated interaction of three main cell types: enteric nerve cells,
interstitial cells of Cajal and smooth muscle cells. In recent years, a fourth
cell type has been described as forming part of this complex network, namely
platelet-derived growth factor receptor-α-positive (PDGFRα+)-cells.

Research frontiers

PDGFRα+-cells have been studied in normal human colon, but as yet have not
been analysed in human disease. Hirschsprung’s disease is the most common
congenital gut motility disorder. Although the characteristic pathological findings
in HSCR are well understood (aganglionosis and nerve cell hypertrophy), the
mechanism underlying motility disturbance is not completely understood.

Innovations and breakthroughs

PDGFRα+-cells have been studied in normal human colon but, as yet, their
expression in gastrointestinal disease has not been analysed. The authors
report the first investigation of PDGFRα +-cell expression in the colon of
Hirschsprung’s Disease, and show a deficiency of these cells in this condition.

Applications

In demonstrating reduced expression of PDGFRα+-cells in Hirschsprung’s
Disease, this study provides the basis for future functional studies that may
seek to determine their exact role in colonic dysmotility in HSCR and potentially
in other gut motility disorders.

Terminology

PDGFRα+-cells are a type of interstitial cell involved in neurotransmission in the
gastrointestinal tract. Along with interstitial cells of Cajal, enteric neurons and
smooth muscle cells, PDGFRα+-cells help maintain peristalsis of the colon.

Peer-review

The authors have explored the expression of PDGFRα +-cells in colon
specimens of Hirschsprung’s disease patients. They found, for the first time,
a deficiency of PDGFRα+-cells in both the aganglionic and ganglionic colon
compared to normal controls. These results suggest a role for PDGFRα+-cells
in the pathophysiology of Hirschsprung’s Disease.
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Abstract
AIM: To investigate whether the regulation of aquaporin
3 (AQP3) and AQP9 induced by Auphen and dibutyryl
cAMP (dbcAMP) inhibits hepatic tumorigenesis.

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 Zhongshan
Hospital (IACUC protocol number: SCXK2013-0016).

METHODS: Expression of AQP3 and AQP9 was
detected by Western blot, immunohistochemistry (IHC),
and RT-PCR in HCC samples and paired non-cancerous
liver tissue samples from 30 hepatocellular carcinoma
(HCC) patients. A xenograft tumor model was used
in vivo . Nine nude mice were divided into control,
Auphen-treated, and dbcAMP-treated groups (n = 3
for each group). AQP3 and AQP9 protein expression
after induction of xenograft tumors was detected
by IHC and mRNA by RT-PCR analysis. The terminal
deoxynucleotidyl transferase-mediated dUTP nick end
labeling assay and histological evaluation were used to
detect apoptosis of tumor cells, and the concentration
of serum α-fetoprotein (AFP) was measured using RTPCR and an ELISA kit.
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RESULTS: The volumes and weights of tumors
decreased significantly in the Auphen- and dbcAMP-
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treated mice compared with the control mice (P < 0.01).
The levels of AQP3 were significantly lower in the Auphen
treatment group, and levels of AQP9 were significantly
higher in thedbcAMP treatment mice than in the control
mice (P < 0.01). The reduction of AQP3 by Auphen and
increase of AQP9 by dbcAMP in nude mice suppressed
tumor growth of HCC, which resulted in reduced AFP
levels in serum and tissues, and apoptosis of tumor
cells in the Auphen- and dbcAMP-treated mice, when
compared with control mice (P < 0.01). Compared with
para-carcinoma tissues, AQP3 expression increased in
tumor tissues whereas the expression of AQP9 decreased.
By correlating clinicopathological and expression levels,
we demonstrated that the expression of AQP3 and AQP9
was correlated with clinical progression of HCC and
disease outcomes.

small, hydrophobic, integral, transmembrane, water
channel proteins, which have an important role in the
control of water movement, fluid transport, and cell
[3]
migration . AQPs are closely associated with cancer
biological functions and have been identified in > 20
[4]
human cancer cell types . AQP expression is positively
correlated with tumor type, grade, proliferation,
[5-7]
migration, angiogenesis, or tumor-associated edema ,
which can be considered a diagnostic and therapeutic
target in anti-cancer treatment. Thus, analyzing the
expression and distribution of AQPs in liver tumors is of
great significance.
AQP3 and AQP9, in particular, are considered to be
closely associated with cancer development because
of their dramatically changed levels in various cancers,
[8]
including HCC . AQP3 and AQP5 are overexpressed
in HCC, which are related to tumor grade, stage,
metastasis and prognosis, and may be helpful in
diagnosis of HCC when combined with serum α-feto
[9]
protein (AFP) . AQP9 expression is reduced in HCC
[10]
and mainly located in non-tumorigenic liver tissue .
Furthermore, AQP3 has been found to be involved in
cell proliferation in many cell types such as those in
[11]
the skin, colon, and cornea. Serna et al
found that
AQP3 was positively associated with cell proliferative
activity. Several in vivo and in vitro experiments
have shown that AQP3 can promote cell proliferation
[12-15]
and migration
. Some researchers suggest that
AQP9 could be a novel target for drug therapy in
liver cancer patients because its transport activities
do not extend to charged neutral molecules, such as
purine, pyrimidine, and urea, including permeability
[16]
to 5-fluorouracil. Besides, Jablonski et al
found
that decreased AQP9 expression in HCC can increase
resistance of HCC cells to apoptotic stimulation, and
AQP9 expression decreases with the degree of tumor
cell differentiation. Thus, the targeted regulation of
AQP3 and AQP9 may provide significant therapeutic
benefits to HCC patients.
Recently, agents modulating the expression of AQPs
[17-20]
have been reported, which contain heavy metals
,
[21-23]
[24]
quaternary ammonium salts
, or mineral salts .
Although these agents are valuable in characterizing the
effect of AQP regulation in cells, they are not suitable
for clinical application because of their toxic side effects
and poor selectivity. These modulators have various
therapeutic traits, such as anticancer, antirheumatic,
and antibiotic properties. Au(Ⅲ) compounds and
isoelectronic and isostructural Pt(Ⅱ) compounds can
[25-27]
be used as anti-tumor drugs
. An Au(Ⅲ) complex
has been shown to have effective antiproliferative
traits in vitro against various cancer cells with high
cytotoxic potency and selectivity. It is possible that
these properties arise from their possible inhibition of
[28]
[29]
histone deacetylase . Martins et al
reported that
an Au(Ⅲ) complex was a selective and potent inhibitor
of AQP3. In addition, Auphen showed antiproliferative
[30-32]
[33]
traits in tumor cells in vitro
. Yamamoto et al

CONCLUSION: AQP3 increases in HCC while AQP9
decreases. Regulation of AQP3 and AQP9 expression
by Auphen and dbcAMP inhibits the development and
growth of HCC.
Key words: Hepatocellular carcinoma; Nude mice;
Auphen; Dibutyryl cAMP; Aquaporin 3; Xenograft tumor
model; Aquaporin 9
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study intending to evaluate
the antioncogenic effects of Auphen and dibutyryl
cAMP (dbcAMP) in vivo and investigate whether their
underlying mechanism involves regulating aquaporin 3
(AQP3) and AQP9 expression. An in-depth description
of AQP3 and AQP9 regulation by Auphen and dbcAMP
will provide a better understanding of the mechanisms
of hepatocarcinogenesis, which could be used in
the development of novel therapeutic drugs. This
work further confirms the significance of AQP-driven
hepatocarcinogenesis, emphasizing the importance
of both basic and clinical knowledge of the roles of
aquaporins in hepatocellular carcinoma.
Peng R, Zhao GX, Li J, Zhang Y, Shen XZ, Wang JY, Sun JY.
Auphen and dibutyryl cAMP suppress growth of hepatocellular
carcinoma by regulating expression of aquaporins 3 and 9 in vivo.
World J Gastroenterol 2016; 22(12): 3341-3354 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i12/3341.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i12.3341

INTRODUCTION
Hepatocellular carcinoma (HCC) is a highly malignant
cancer worldwide; however, the mechanism of hepato
carcinogenesis is unknown, and a reliable prognosis is
[1,2]
still lacking . Thus, novel treatment regimens that
allow for the prevention and retardation of HCC still
need to be identified. Aquaporins (AQPs) consist of 13
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prepared at a concentration of 3 mmol/L using NS. The
purity of the complex was > 98% based on elemental
analysis.

Table 1 Clinicopathological data of the hepatocellular
carcinoma cohort
Clinicopathologic parameters
All cases
Gender
Male
Female
Age (yr)
< 50
> 50
Tumor size (cm)
<5
>5
Serum HBsAg
Positive
Negative
Serum AFP (ng/mL)
< 25
> 25
Cirrhosis
Presence
Absence
UICC stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Metastasis/Recurrence
Yes
No
Edmondson grade
Low (Ⅰ/Ⅱ)
High (Ⅲ/Ⅳ)

Frequency

%

Patients and specimens

30
23
7

76.7
23.3

5
25

16.7
83.3

8
22

26.7
73.3

24
6

80.0
20.0

4
26

13.3
86.7

27
3

90.0
10.0

13
17

43.3
56.7

18
12

60.0
40.0

10
20

33.3
66.7

All patients were recruited between 2002 and 2012
at the Liver Cancer Institute and Zhongshan Hospital
(Fudan University, Shanghai, China). In accordance
with the protocol approved by the Zhongshan
Hospital Research Ethics Committee, all patients
participating in this study provided informed consent.
HCC specimens and paired normal liver tissues from
30 patients, and their clinicopathological information
were obtained from the Liver Cancer Institute and
Zhongshan Hospital (Table 1). The collected HCC
tissues had no selection bias. All patients had: (1)
a pathological diagnosis of HCC; (2) tumor stages
diagnosed based on the 2002 TNM staging system
of the Union for International Cancer Control; and (3)
tumor differentiation determined using the Edmondson
grading system. All patients were not being treated
with any anti-tumor mediations before collecting the
biopsy samples.

Immunohistochemistry

Endogenous peroxidase was blocked with 3% H2O2.
Sections were treated with a primary antibody against
AQP3 (1:50; Abcam, Cambridge, MA, United States)
or AQP9 (1:50; Abcam), and were washed three times
in phosphate-buffered saline. Then, sections were
incubated with a biotinylated goat anti-rabbit IgG
(1:250 dilution; Abcam). The reaction was visualized
using a diaminobenzidine (DAB) substrate chromo
gen solution (Gene Technology, Shanghai, China). The
sections were counterstained with Mayer’s hematoxy
lin, and the slides were examined under an optical
microscope.

found a protein kinase A (PKA) activator (dibutyryl
cAMP; dbcAMP) and a PKA inhibitor (cycloheximide)
can increase and reduce the expression of AQP9,
respectively, thereby demonstrating that PKA-based
approaches can increase AQP9 expression. There are
currently no reports describing the effects of Auphen on
AQP3 and dbcAMP on AQP9 in HCC in vivo. Therefore,
we used nude mice subcutaneously xenografted with
human HCC SMMC-7721 cells to study their effects.
In the present study, we assessed the antioncogenic effects of Auphen and dbcAMP in vivo and
investigated whether their underlying mechanisms
regulate AQP3 and AQP9 expression. We also
analyzed the correlation between AQP3 and AQP9
expression and clinicopathologic features of HCC,
which demonstrated that both AQP3 and AQP9 play an
important role in HCC tumor development and clinical
prognoses. Taken together, our results significantly
contribute to the evaluation of the anti-oncogenic
effects of Auphen and dbcAMP in vivo.

Total RNA extraction and real-time PCR

Total RNA was prepared from tumor tissues using
RNAiso Plus (TaKaRa, Tokyo, Japan), and reverse
transcribed using PrimeScript RT Master Mix (TaKaRa)
with the GeneAmp-PCR system 7500 (Applied
Biosystems, Foster City, CA, United States). The cDNA
obtained was amplified using SYBR Premix Ex Ta
(TaKaRa) on the Master cycler ep realplex4 PCR system
(Eppendorf, Hamburg, Germany) with the primers
listed in Table 2. The cycling parameters were: 1 min at
95 ℃, followed by 40 cycles of 95 ℃ for 5 s and 60 ℃
for 30 s. The mRNA expression levels were computed
after normalization against β-actin mRNA levels using
-ΔΔCt
the 2
method. Each assay was performed in
triplicate.

MATERIALS AND METHODS
Drugs

Auphen was synthesized according to a previously
[31]
described method
and prepared at a concentration
of 1 mmol/L by adding dimethylsulfoxide (DMSO)
and normal saline (NS). dbcAMP was purchased
from Calbiochem (San Diego, CA, United States) and

WJG|www.wjgnet.com

Xenograft tumor model in nude mice
9

SMMC-7721 cells (5 × 10 cells) were injected
subcutaneously into each flank of nine male BALB/c
nude mice (Shanghai Slac Laboratory Animal Co.
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Table 2 Primer sequences used for the amplification of different genes by quantitative PCR
Gene
AQP3
AQP9
AFP
β-actin

Forward primer sequence

Reverse primer sequence

5'-CACAGCCGGCATCTTTGCTA-3'
5'-CTTAACAATTCACAAGGCACTT-3'
5'-ACCCTGGTGTTGGCCAGTGC-3'
5'-TCACCCACACTGTGCCCATCTACGA-3'

5'-TGGCCAGCACACACACGATA-3'
5'-TCTCAGCCAGCTACTGATCTTC-3'
5'-GCAGCGCTACACCCTGAGCT-3'
5'-CAGCGGAACCGCTCATTGCCAATGG-3'

deparaffinized, the samples were mixed with 3% H2O2
for 10 min at room temperature, then incubated in a
wet box with fluorescein dUTP for 1 h at 37 ℃. After
treatment with horseradish peroxidase, the tissues
were stained with DAB and counterstained with methyl
green. The matched groups had the same treatment
except for treatment with the fluorescein dUTP. A light
microscope was used to visualize the nuclei of the
tissue, which showed a brown color as a positive result.

Ltd., Shanghai, China) with an age of 4 wk and a
weight of 18-20 g. Tumor diameters were measured
in three dimensions with a Vernier caliper to diagnose
tumorigenesis at 21 d. A nodal diameter up to 0.5
cm was defined as a tumor. The frequency of tumor
production was 100% at 21 d after inoculation. The
protocol for the treatment of animals was approved by
the Ethics Committee of Zhongshan Hospital. When
the tumor diameters measured at least 1-2 cm, the
nude mice with tumors were divided into three groups
with no selection bias (n = 3); group 1 was treated
with a placebo; group 2 with Auphen at a dose of
1 mmol/L; and group 3 with dbcAMP at a dose of 3
mmol/L. Tumor volumes were measured with calipers
2
using the formula: (width) × length/2. Mice were
followed for 2 wk. All mice were euthanized after 4 wk,
and the tumors were removed and used for further
analysis. The inhibition rate of tumor progression
was calculated using the following formula: inhibition
rate (%) = [NS treated tumor weight (g) - drug
treated tumor weight (g)/NS treated tumor weight
(g) × 100%]. Part of the tumor tissues were stored
at -80 ℃. The remaining tissues were fixed in 10%
formalin, embedded in paraffin, and used for real-time
PCR.

Histological evaluation

Tissues were immobilized in formalin, embedded in
paraffin, and cut into 4 μm sections. The sections
were then stained with hematoxylin and eosin (HE) as
[34]
previously described .

Statistical analysis

Fisher’s exact test for nonparametric variables and
Student’s t-test (two-tailed) for parametric variables
were used. Changes in animal survival were estimated
by the Kaplan-Meier method and analyzed using Cox
regression analysis and univariate analysis. Data are
presented as the mean ± SD. Statistical analysis of
data was performed with one-way analysis of variance
among three groups using SPSS, version 19.0 software
(SPSS, Armonk, NY, United States). A P-value < 0.05
was regarded as statistically significant.

ELISA for measurement of AFP in serum of nude mice

Blood collected from the tail vein under aseptic
conditions was centrifuged at 2600 rpm at 10 ℃ for
10 min. The level of AFP was detected using an ELISA
kit from HUMAN (GmbH, Wiesbaden, Germany). The
ELISA method was based on the affinity of biotin to
streptavidin immobilized on the surface of a microtiter
well. A complex was formed by mixing the enzymeantibody conjugate with the serum. The zymolyte
was added following incubation and washing to
develop a color. The strength of the color was directly
proportional to the concentration of AFP in serum. An
ELISA reader was used at 450 nm to detect the optical
density of the reaction.

RESULTS
Expression of AQP3 and AQP9 differs in HCC

We investigated AQP3 and AQP9 levels in HCC
tumor samples and their coupled non-neoplastic
counterparts. Representative mRNA images show that
AQP3 (Figure 1A) was overexpressed whereas AQP9
(Figure 1B) was expressed at a low level in HCC tissues
compared with their non-neoplastic counterparts,
although the levels of AQP3 and AQP9 were similar
in both tumors and noncancerous tissues (Figure 1A,
samples 2 and 20; Figure 1B, samples 22 and 26).
The results were confirmed by positive staining and
protein expression analyses of AQP3 (Figure 2) and
AQP9 (Figure 3). As shown by immunohistochemical
analyses, HCC samples showed intense staining of
AQP3 in the membrane and cytoplasm, and weak
membrane staining of AQP9, while the noncancerous
tissues presented mainly weak expression of AQP3 and
strong expression of AQP9, indicating that AQP3 was

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling assay

After fixation with 10% formalin for 4 h, the tumor
tissues were embedded in paraffin. Transferasemediated dUTP nick end labeling (TUNEL) assay was
performed according to the manufacturer’s instructions
(KGI Biotechnology, Nanjing, China). After being
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Figure 1 mRNA levels of AQP3 and AQP9 in hepatocellular carcinoma and normal liver tissues. A: mRNA levels of AQP3 in 30 paired HCC tissues and
normal liver tissues measured by RT-PCR; B: mRNA levels of AQP9 in 30 paired HCC tissues and normal liver tissues measured by RT-PCR. HCC: Hepatocellular
carcinoma; N: Normal liver tissues; T: HCC tissues.

overexpressed and AQP9 was reduced in HCC tissues.

HCC-tailored treatment or not. The results suggest that
AQP3/AQP9 could be used for assessing the clinical
prognosis of HCC. The parameters used to assess the
influence on overall survival involved AQP3 and AQP9
expression, age, gender, tumor size, liver cirrhosis,
serum HBsAg, serum AFP, tumor stage, metastasis,
and tumor differentiation. The data according to the
Cox proportional hazards test showed that AQP3
and AQP9 expression, tumor stage, metastasis, and
tumor differentiation were independent prognostic
parameters of survival (Table 4). Hence, the results
show that AQP3 or AQP9 expression correlated with a
poor prognosis in HCC patients.

Correlation of AQP3 and AQP9 expression with
clinicopathologic traits and prognosis

To explore the relevance between AQP3 and AQP9
expression and clinicopathologic traits and prognosis,
we analyzed the expression data in Table 3, and
found that AQP3 and AQP9 expression correlated
with liver neoplasm stage (P = 0. 029 and P = 0.003,
respectively), metastasis (P = 0.026 and P = 0.031,
respectively), andtumor differentiation (P = 0.016 and
P = 0.047, respectively). Other clinical characteristics,
including age, gender, tumor size, hepatic sclerosis,
serum hepatitis B surface antigen (HBsAg), and serum
AFP were not correlated with the expression of AQP3
or AQP9 (Table 3).

Effect of Auphen and dbcAMP on expression of AQP3
and AQP9 in tumor-bearing nude mice

To obtain a better understanding of the regulation of
AQP3 and AQP9 in HCC, we determined the effect of
Auphen and dbcAMP on the expression of AQP3 and
AQP9 in vivo. Expression of AQP3 in Auphen-treated
tumors was lower than that in the control mice.
Expression of AQP9 in dbcAMP-treated tumors was
higher than that in the control mice. Decreased levels
of AQP3 and increased levels of AQP9 were confirmed
at both the mRNA level (Figure 5A and B), and the
protein level by Western blot (Figure 5C and D), and

Correlation of AQP3 and AQP9 expression with overall
survival

We explored whether AQP3 and AQP9 expression
correlated with the clinical progression and prognosis
of HCC, by examining patients’ overall survival rates.
The overall survival of the patients with low AQP3/high
AQP9 was greater than that of the patients with high
AQP3/low AQP9 (P = 0.045, P = 0.020) (Figure 4A and
B), which was independent of whether they received
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Figure 2 Levels of AQP3 in hepatocellular carcinoma of different differentiation. A: Analysis of AQP3 protein expression by immunohistochemistry. a: AQP3
expression decreased in normal liver tissues; b: AQP3 expression was weak in well-differentiated HCC samples; c: AQP3 expression decreased in normal liver tissues;
d: AQP3 expression was moderate in moderately differentiated HCC samples; e: AQP3 expression decreased in normal liver samples; f: AQP3 expression was high
in poorly differentiated HCC samples. B: The protein levels of AQP3 in HCC of different degrees of differentiation corresponded to their immunohistochemistry results.
Tumor 1, well-differentiated HCC sample; tumor 2, moderately differentiated HCC sample; and tumor 3, poorly differentiated HCC sample. HCC: Hepatocellular
carcinoma.

an immunohistochemical assay (Figure 5E).

and dbcAMP-treated mice when compared with the
control mice (P < 0.01; Figure 6), and the weights of
tumors in the three groups were 0.06 ± 0.01, 0.07
± 0.01, and 0.19 ± 0.03 g, respectively. There were
significant differences between the Auphen- and
dbcAMP-treated mice and the control mice (P < 0.01).
The results suggest that low expression of AQP3 and
high expression of AQP9 suppressed tumor growth of
HCC in vivo. Our study clearly indicates that Auphen
and dbcAMP reduced the serum AFP density in mice

Effect of regulation of AQP3 and AQP9 on hepatic tumor
growth

To gain further insights into the roles of AQP3 and
AQP9 in growth of HCC, we characterized the roles
of Auphen and dbcAMP in vivo. The growth rates and
volumes of Auphen- and dbcAMP-treated tumors were
found to be lower than those in the controls. There
was a marked decrease in tumor size in the Auphen-
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Figure 3 Levels of AQP9 in hepatocellular carcinoma of different differentiation. A: Analysis of AQP9 protein expression by immunohistochemistry. a: AQP9
expression was high in normal liver samples; b: AQP9 expression was weak in well-differentiated HCC samples; c: AQP9 expression was high in normal liver
samples; d: AQP9 expression was moderate in moderately differentiated HCC samples; e: AQP9 expression was high in normal liver samples; f: AQP9 expression
was low in poorly differentiated HCC samples (magnification × 200, bar = 50 μm). B: The protein levels of AQP9 in HCC of different differentiation corresponded to
their immunohistochemistry results: Tumor 1, well-differentiated HCC sample; tumor 2, moderately differentiated HCC sample; and tumor 3, poorly differentiated HCC
sample. HCC: Hepatocellular carcinoma.

compared with the control mice (P < 0.01; Figure 7A
and B). The TUNEL assay revealed more apoptotic
changes in tumor tissues in the Auphen and dbcAMP
groups (Figure 7C). Light microscopy was employed
to detect the results of HE staining (Figure 7D). The
Auphen and dbcAMP groups showed more apoptotic
cells, which were revealed as karyopyknosis, and had
a cytoplasmic red color.

WJG|www.wjgnet.com

DISCUSSION
HCC is the fifth most fatal malignant tumor worldwide,
with no effective therapy. Thus, it is particularly
important to identify novel targets for more effective
treatments for this disorder. AQPs are known to be
[35]
related to carcinogenesis and cancer malignancy . Hu
[36]
et al showed that AQPs had strong correlations with
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Table 3 Correlation of AQP3 and AQP9 expression levels (low and high) to clinico-pathological data
OR (95%CI)

P value

1
4

7.111 (0.686-73.76)

0.138

3
22

2
3

0.205 (0.024-1.771)

0.183

0.300

6
19

2
3

0.474 (0.063-3.540)

0.589

1.316 (0.124-13.98)

1.000

21
4

3
2

1.185 (0.166-8.475)

1.000

2
22

11.00 (1.271-95.23)

0.041

4
21

0
5

2.302 (0.107-49.54)

1.000

6
0

21
3

2.116 (0.096-46.56)

1.000

11
14

2
3

6.000 (0.780-46.17)

0.102

4
2

4
20

10.00 (1.341-74.55)

0.029

2
23

4
1

0.022 (0.002-0.300)

0.003

1
5

17
7

0.082 (0.008-0.839)

0.026

17
8

1
4

12.67 (1.177-136.4)

0.031

3
3

3
21

14.00 (1.741-112.6)

0.016

7
18

4
1

0.097 (0.009-1.029)

0.047

Factors

AQP3

Gender
Male
Female
Age (yr)
< 50
> 50
Tumor size (cm)
<5
>5
Serum HBsAg
Positive
Negative
Serum AFP (ng/mL)
< 25
> 25
Cirrhosis
Presence
Absence
UICC stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Metastasis/recurrence
Yes
No
Edmondson grade
Low (Ⅰ/Ⅱ)
High (Ⅲ/Ⅳ)

OR (95%CI)

Low

High

4
2

19
5

0.526 (0.074-3.748)

1
5

4
20

3
3

P value

AQP9
Low

High

0.603

16
9

1.000 (0.091-11.03)

1.000

5
19

3.800 (0.580-24.90)

5
1

19
5

3
3

[40]

modulus . Nevertheless, these processes are compu
tationally intensive, and water permeability modulus
has no connection with inhibitory potency. Various
chemotherapeutic drugs depend on high doses of toxic
compounds to destroy cancer cells completely, and are
frequently associated with serious side effects, tumor
relapse, and progression to highly malignant states.
Gold-based complexes have been reported to depress
[29,41]
AQP3, with Auphen being the most efficient
. Auphen
has a greater ability to depress glycerol permeation via
AQP3 than water permeation. Computational modeling
has shown that gold-containing inhibitors have a
mutual action to control cancer cell migration, with
[29]
Cys40 located in the extracellular domain of AQP3 .
These advantageous properties of Auphen indicate its
potential suitability for use in adoptive therapy against
cancer. The PKA pathway is one of the main signal
transduction pathways that regulate cell proliferation,
mRNA expression, and enzyme activation, and dbcAMP
increases the expression of AQP9 via the activation of
[33]
[42]
PKA . Lee et al found that dbcAMP can inhibit cancer
cell migration, thereby suggesting that cAMP-mediated
PKA and CAMP (EPAC)-mediated Ras related protein 1
(RAP1) could be therapeutic targets.
Our previous studies have revealed that Auphen
inhibited AQP3 and dbcAMP increased AQP9 in HCC cells
in a dose-dependent manner in vitro. However, whether
regulating AQP3 and AQP9 can be used as potential
targets for HCC treatment has not been confirmed.

Table 4 Cox regression analysis of patients with hepatocellular
carcinoma
Variables

Univariate

AQP3 expression (1 = low, 2 = high)
AQP9 expression (1 = low, 2 = high)
Gender (1 = Male, 2 = Female)
Age (1 < 50, 2 ≥ 50)
Tumor size (1 < 5 cm, 2 ≥ 5)
Serum HBsAg
(1 = Positive, 2= Negative)
Serum AFP
(1 < 25 ng/mL, 2 ≥ 25 ng/mL)
Cirrhosis
(1 = Presence, 2 = Absence)
UICC stage (1 = I + Ⅱ, 2 = Ⅲ + Ⅳ)
Metastasis/Recurrence
(1 = Yes, 2 = No)
Edmondson grade
[1 = Low (I/Ⅱ), 2 = High (Ⅲ/Ⅳ)]

P value

HR

95%CI

4.948
10.835
2.681
2.579
1.261
0.575

1.037-23.605
1.488-78.877
0.852-8.436
0.332-20.049
0.334-4.759
0.153-2.154

0.045
0.019
0.092
0.365
0.732
0.411

1.102

0.293-4.146

0.886

1.401

0.373-5.268

0.618

0.115
0.228

0.027-0.485
0.065-0.804

0.003
0.021

0.560

0.175-1.791

0.328

tumor proliferation and metastasis. Also, it is suggested
that AQPs are of great diagnostic and prognostic value
[37,38]
in tumor tissues
. Modulation of AQP expression
has a wide range of clinical applicability, as suggested
by the results from mice with AQP gene deletions and
[39]
from humans with functional mutations in AQPs .
More sophisticated molecular dynamics-based
methods have been explored to simulate AQP regu
lation, involving the computation of water permeability
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Figure 4 High AQP3 and low AQP9 expression predict worse survival in hepatocellular carcinoma patients. A and B: Survival of 30 hepatocellular carcinoma
patients, including both untreated and HCC-treated patients using Kaplan-Maier analysis. High AQP3 and low AQP9 levels resulted in lower patient survival. HCC:
Hepatocellular carcinoma.

B
-ΔΔct

4

2

e

Expression of AQP9 mRNA (2

-ΔΔct

Expression of AQP3 mRNA (2

6

0

SMMC-7721

Auphen

SMMC-7721

dbcAMP

b-actin
1.0

AQP3

0.5
b-actin

b

AQP9

0.0
SMMC-7721

D

C

1.5

)

8

)

A

Auphen

SMMC-7721

a

b

c

d

dbcAMP

Figure 5 Effects of Auphen and dibutyryl cAMP on AQP3 and AQP9 expression. A: mRNA levels of AQP3 in tumors from nude mice; B: mRNA levels of AQP9 in tumors
from nude mice; C: Protein levels of AQP3 and AQP9 in tumors from nude mice; D: Immunohistochemical analysis of a subcutaneous tumor: a: Analysis of AQP3 expression
in the control group; b: Analysis of AQP3 expression in the Auphen group; c: Analysis of AQP9 expression in the control group; d: Analysis of AQP9 expression in the dbcAMP
group. (magnification × 200, bar = 50 μm). All data represent the mean ± SD (n = 3). bP < 0.01 vs the control; eP < 0.001 vs the control. dbcAMP: Dibutyryl cAMP.
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Figure 6 Auphen and dbcAMP suppress hepatocellular carcinoma tumor growth. A: Tumor volumes of control (NS), Auphen-treated (Auphen), and dbcAMPtreated (dbcAMP) groups; B: Tumor volumes of control, Auphen-treated, and dbcAMP-treated groups; C: Tumor weights of control, Auphen-treated, and dbcAMPtreated groups; D: Tumor suppression rates of Auphen-treated, and dbcAMP-treated groups; E: Body weights of control, Auphen-treated, and dbcAMP-treated groups.
All data represent the mean ± SD (n = 3). bP < 0.01 vs the control. dbcAMP: Dibutyryl cAMP.

Hence, in the present study, we characterized the
functions of AQP3 and AQP9 in vivo.
As shown by the immunohistochemical assays,
90.7% of the HCC samples showed strong membrane
and cytoplasmic staining for AQP3 and weak mem
brane staining for AQP9, while the noncancerous
tissues presented mainly weak expression of AQP3 and
strong expression of AQP9, indicating that AQP3 and
AQP9 could play important roles in the development
of HCC. In addition, we have confirmed that AQP3
and AQP9 expression correlated with liver neoplasm
stage, metastasis, and tumor differentiation. There
was no significant correlation between AQP3 and
AQP9 expression and age, gender, tumor size, serum

WJG|www.wjgnet.com

HBsAg, or serum AFP. Our results indicated that AQP3
and AQP9 expression is related to tumor biological
characteristics, such as rapid tumor development.
These findings suggest that clinicopathologic features
together with expression of AQP3 and AQP9 in tumor
tissues could be valuable in prognosis assessment and
design of individual treatment strategies for HCC.
To understand the functions of AQP3 and AQP9, we
tested whether regulating AQP3 and AQP9 by Auphen
and dbcAMP suppressed tumor growth in vivo. Doses
of 1 mmol/L Auphen and 3 mmol/L dbcAMP suppressed
tumor growth, with decreases of tumor sizes and
weights. The Auphen-treated group had lower AQP3
expression and the dbcAMP-treated group had higher
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Figure 7 Effects of Auphen and dbcAMP on hepatocellular carcinoma in vivo. A: mRNA levels of α-fetoprotein (AFP) in tumors from nude mice; B: AFP
concentration in blood of control (NS), Auphen-treated (Auphen), and dbcAMP-treated (dbcAMP) groups. All data represent the mean ± SD (n = 3). bP < 0.01 vs the
control; eP < 0.001 vs the control; C: Testing of apoptosis by TUNEL assay in tumor samples of nude mice in different treated groups (magnification, × 400). The nuclei
of positive cells were stained brown; D: Tumor samples from nude mice in different treated groups (HE, magnification, × 400). Pathological traits of positive cells were
revealed as karyopyknosis, and had a cytoplasmic red color.

AQP9 expression than the control group. Our study also
is the first confirmation of the tumorigenic abilities of
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AQP3 and AQP9 in vivo. Inhibiting AQP3 and increasing
AQP9 expression showed increased suppression of
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tumor growth in nude mice. AFP has previously been
reported to be a target for diagnosing and monitoring
HCC. Collectively, our findings demonstrate that Auphen
and dbcAMP decreased AFP expression and secretion in
vivo. TUNEL assays revealed more apoptotic changes
in tumor tissues in the Auphen and dbcAMP groups.
We assume that this was the result of the anti-tumor
activities of Auphen and dbcAMP. All these studies
confirmed our findings that AQP3 and AQP9 exerted
oncogenic effects in HCC. Our study also showed
no differences in body weight, appetite, or behavior
between Auphen- and dbcAMP-treated mice and the
control mice, indicating the efficiency and nontoxicity
of Auphen and dbcAMP. Combined with previous
in vitro results showing inhibition of hepatoma cell
proliferation, we conclude that Auphen and dbcAMP
have anti-cancer effects both in vitro and in vivo. The
results also showed that the Auphen-treated group
had smaller tumors than the dbcAMP-treated group. It
may be that AQP3 has a more important function than
AQP9 in the development of HCC, although this still
needs more research.
In summary, our in vivo and in vitro results provide
a useful platform to study tumor growth and possible
anti-tumor treatments. In the present study, the
association of clinicopathologic and the expression
results suggest that overexpression of AQP3 and low
expression of AQP9 correlate with clinical prognosis of
HCC. Because of the small sample size in our study,
the relationship between AQP3 and AQP9 expression
and metastasis still needs more studies in larger
cohorts. Studies are ongoing to develop targeted and
effective delivery systems for administering AQP3 and
AQP9 in HCC patients. These studies should further
emphasize the significance of AQP3 and AQP9 in
HCC development. Our findings are consistent with
previous results indicating that regulation of AQP3 and
AQP9 levels in HCC cells leads to a decrease in cell
proliferation. In general, the results we obtained from
the regulation and control of function tests in vitro will
be important in the implementation of future studies to
explore tumor cell behavior, in vivo, to gain additional
understanding into the function of AQP3 and AQP9 in
hepatocarcinogenesis.
In conclusion, combining human clinical data and
in vivo experiments, our study strongly suggests AQP3
and AQP9 as key players inHCC development. Further
research should verify AQP3 and AQP9 as diagnostic
biomarkers for HCC occurrence. Furthermore, an indepth description of AQP3 and AQP9 regulation by
Auphen and dbcAMP will provide a better understanding
of the mechanisms of hepatocarcinogenesis, which
could be used in the development of novel therapeutic
drugs. Finally, our work further confirms the significance
of AQP-driven hepatocarcinogenesis, emphasizing the
importance of both basic and clinical knowledge of the
roles of AQPs in HCC.
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Hepatocellular carcinoma (HCC) is a highly malignant cancer worldwide;
however, the mechanism of hepatocarcinogenesis is unknown, and a reliable
prognosis is still lacking. Aquaporin (AQP) expression is positively correlated
with tumor type, grade, proliferation, migration, angiogenesis, or tumorassociated edema, which can be considered a diagnostic and therapeutic
target in anti-cancer treatment. AQP3 and AQP9, in particular, are considered
to be closely associated with cancer development because of their dramatically
changed levels in various cancers, including HCC. However, their influence on
the development of HCC is poorly understood. This suggests that AQP3 and
AQP9 may be promising targets for HCC therapy.

Research frontiers

Previous experiments have already proved that AQP3 was overexpressed
and AQP9 was decreased in HCC compared to normal liver tissues. AQP3
and AQP9 are considered to be closely associated with cancer development.
Auphen and dibutyryl cAMP (dbcAMP) can regulate the expression of AQP3
and AQP9. Moreover, Auphen and dbcAMP showed antiproliferative traits in
tumor cells in vitro, which have high cytotoxic potency and selectivity. More
sophisticated molecular dynamics-based methods have been explored to
simulate AQP regulation. Nevertheless, these processes are computationally
intensive, and water permeability modulus has no connection with inhibitory
potency. Various chemotherapeutic drugs depend on high doses of toxic
compounds to destroy cancer cells completely, and are frequently associated
with serious side effects, tumor relapse, and progression to highly malignant
states. The potency and specificity properties of Auphen and dbcAMP indicate
their potential suitability for use in adoptive therapy against cancer.

Innovations and breakthroughs

This is the first study intending to evaluate the antioncogenic effects of Auphen
and dbcAMP in vivo and investigate whether their underlying mechanism
involves regulating AQP3 and AQP9 expression. The authors used Auphen and
dbcAMP to determine the role of AQP3 and AQP9 during HCC development,
and to explore the function and mechanism of targeting AQP3 and AQP9 in
HCC therapy.

Applications

This study demonstrated that both AQP3 and AQP9 play a major role in HCC
and are related to tumor development and clinical prognosis. In addition, these
results contribute to the evaluation of the antioncogenic effects of Auphen
and dbcAMP in vivo. An in-depth description of AQP3 and AQP9 regulation by
Auphen and dbcAMP will provide a better understanding of the mechanisms
of hepatocarcinogenesis, which could be used in the development of novel
therapeutic drugs.
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Authors demonstrated that Auphen and dbcAMP have antioncogenic effects
in HCC and their underlying mechanism involves regulating AQP3 and AQP9
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Abstract
AIM: To present our initial experience regarding the
feasibility of ultrasound virtual endoscopy (USVE) and
its measurement reliability for polyp detection in an in
vitro study using pig intestine specimens.

Institutional animal care and use committee statement: The
porcine intestine specimens used in this study were commercially
available at an abattoir.

METHODS: Six porcine intestine specimens containing
30 synthetic polyps underwent USVE, computed
tomography colonography (CTC) and optical colonoscopy
(OC) for polyp detection. The polyp measurement
defined as the maximum polyp diameter on twodimensional (2D) multiplanar reformatted (MPR) planes
was obtained by USVE, and the absolute measurement
error was analyzed using the direct measurement as the
reference standard.

Conflict-of-interest statement: The authors declare no conflicts
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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
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: USVE detected 29 (96.7%) of 30 polyps,
remaining a 7-mm one missed. There was one falsepositive finding. Twenty-six (89.7%) of 29 reconstructed
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[9]

images were clearly depicted, while 29 (96.7%) of 30
polyps were displayed on CTC with one false-negative
finding. In OC, all the polyps were detected. The
intraclass correlation coefficient was 0.876 (95%CI:
0.745-0.940) for measurements obtained with USVE.
The pooled absolute measurement errors ± the
standard deviations of the depicted polyps with actual
sizes ≤ 5 mm, 6-9 mm, and ≥ 10 mm were 1.9 ± 0.8
mm, 0.9 ± 1.2 mm, and 1.0 ± 1.4 mm, respectively.

radiation . Ultrasound virtual endoscopy (USVE) is a
new technique that simulates views of CTC. It allows
for the reconstruction of inner bowel-surface structures
from the dynamic three-dimensional (3D) ultrasound
data sets. Based on a surface reconstruction algorithm
by interactive settings of threshold values and surface
displays, endoscopic views can be obtained within
seconds. Similar ultrasound virtual endoscopy imaging
has been used for detection of carotid atherosclerosis
[10-12]
and portal vein thrombus
. But, USVE has never
been used for polyp detection. It has several potential
advantages for CRC screening over other modalities.
USVE is dynamic, non-invasive, radiation-free, and
cost-effective. Therefore, this new method shows great
promise for the screening and surveillance of CRC.
The likelihood that a given polyp develops into
malignancy or demonstrates high-grade dysplasia is
[13-15]
directly related to its size
. This risk is estimated to
be less than 1% for lesions 5-mm or smaller, whereas
the risk increases to approximately 10%-25% for
lesions 10 mm or larger. Polyps of 6-9 mm are also
almost always benign. Advanced adenomas, deﬁned
as lesions 10 mm or larger, are the target of CRC
[16]
screening and should be referred for polypectomy .
However, radiologists suggested 6-mm as the
[17]
minimum size for reporting polyp lesions . Hence,
understanding of the polyp size measurement error by
USVE is very important for accurate polyp matching in
the diagnostic performance.
Currently, there is no published report regarding the
role of USVE in polyp detection, and its sensitivity and
specificity for the detection of polyps are unknown. In
this ideal in vitro study, we investigated the detection
rate of simulated polyps using USVE compared with
CTC and OC. We estimated the conspicuity of the
reconstructed endoscopic images. Additionally, we
evaluated the reliability of the two-dimensional (2D)
optimized polyp measurements of USVE using the
direct measurement as the reference standard. The
goal of this study was to report our initial experience
regarding the feasibility of USVE and its measurement
reliability in an in vitro study using porcine intestine
specimens.

CONCLUSION: USVE is reliable for polyp detection
and measurement in in vitro study.
Key words: Three-dimensional ultrasound; In vitro ;
Virtual endoscopy; Intestinal polyps; Technical feasibility
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We present our initial experience regarding
the feasibility of ultrasound virtual endoscopy (USVE)
and its measurement reliability for polyp detection in
an in vitro study using pig intestine specimens. USVE
is a new technique that simulates views of computed
tomography colonography (CTC). We found that USVE
is an accurate screening method for simulated polyp
detection and compares favorably to CTC and optical
colonoscopy. As a dynamic, non-invasive, radiationfree, cost-effective method, USVE shows great promise
for the screening and surveillance of colorectal cancers.
Liu JY, Chen LD, Cai HS, Liang JY, Xu M, Huang Y, Li W, Feng
ST, Xie XY, Lu MD, Wang W. Ultrasound virtual endoscopy:
Polyp detection and reliability of measurement in an in vitro
study with pig intestine specimens. World J Gastroenterol 2016;
22(12): 3355-3362 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i12/3355.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i12.3355

INTRODUCTION
Colorectal cancer (CRC), which generally develops
from benign adenomatous polyps, is a major cause of
[1,2]
morbidity and mortality worldwide . Evidence-based
[3,4]
guidelines recommend CRC screening
because
the early detection and removal of polyps has been
shown to reduce both the incidence and the mortality
[5,6]
of CRC . Optical colonoscopy (OC) is the primary
method employed for CRC screening and the removal
of polyps. As a primary imaging test, computed
tomography colonography (CTC) is performed in
average-risk individuals, particularly when endoscopy
[4,7]
is contraindicated or incomplete
. It is highly
sensitive for CRC screening with a sensitivity of 96.1%
[8]
according to a meta-analysis . Unfortunately, these
tests have some drawbacks, such as OC related
invasiveness, procedure-related discomfort, the
risk of bowel perforation, and CTC related ionizing

WJG|www.wjgnet.com

MATERIALS AND METHODS
Specimen preparation

Six porcine small intestine specimens, each appro
ximately 50 cm long, were acquired from fresh pig
intestines that were commercially available at an
abattoir. Each specimen was cleansed to remove fecal
matter, and no polyploid structures were found on the
mucosal surface. Thirty simulated sessile polyps with
maximum diameters of 4-13 mm were created from
pork wrapped by other intestinal mucosa with sutures.
The maximum diameter of the polyp was confirmed by
means of physical measurement with a caliper and a
millimeter marked ruler. Then, the polyps were sutured
to the mucosa of the inverted specimens and randomly

3356

March 28, 2016|Volume 22|Issue 12|

Liu JY et al . USVE for intestinal polyp detection

A

B

Figure 1 A pig intestine specimen and simulated polyps. A: A porcine intestine specimen with a flexure configuration was placed on a black sponge. One end
was double-tied with sutures. A catheter used for intestinal distention during the USVE and CTC was placed through the other end. Optical colonoscopy was also
performed through the latter end after removal of the catheter; B: A simulated polyp with a maximum diameter of 8 mm (arrows) was sutured to the inverted intestine
specimen. USVE: Ultrasound virtual endoscopy; CTC: Computed tomography colonography.

placed with different distances between adjacent
polyps. Either the number or the size of the polyps was
randomized in each specimen. A detailed polyp map of
the specimen was recorded. Next, each specimen was
re-inverted, and the distal end was double-tied with
sutures. An 18-F urinary catheter was inserted into
the open proximal end, which was then closed with a
double-tied suture (Figure 1). A 50-ml syringe with a
3-way stopcock was attached to the urinary catheter.

workstation (Fly Thru 3.0, Toshiba Medical Systems),
which was capable of producing 2D multiplanar
reformatted (MPR) images and 3D endoluminal surface
renderings (Figure 2, Video 1). Virtual endoscopic
images were shown by setting optimal threshold
values based on a surface reconstruction algorithm.
To prevent holes in the intestinal wall and intraluminal
artifact, a threshold value (0-150) was selected for all
reconstructions with other defined settings as follows:
transparency, 20; and filter, 3. All machine parameters
remained unchanged between the examinations and
were verified before the imaging.

US virtual endoscopy

A 0.9% saline solution was introduced through the
syringe, and the specimen was maximally distended
to a diameter of approximately 3.5 cm. Then, it was
placed in a plastic container containing water. The wall
and the bottom of the container were covered with
2-mm-thick black sponges that helped absorb the
ultrasound and reduce echo reﬂection.
The USVE was performed with an ultrasound
scanner (Aplio 500, Toshiba, Otawa, Japan) equipped
with a volume transducer (7-14 MHz) (PLT-1204MV,
Toshiba Medical Systems). Imaging was performed
by one radiologist (Wang W) who was unaware of the
locations, numbers and sizes of the polyps in each
specimen. After optimal 2D images were obtained,
3D scan mode was initiated, and volume data
were acquired, including the following parameters:
longitudinal scanning orientation (running along the
longitudinal axis of the specimen); 3D frequency, 8
MHz under the difference mode; 3D gain, 70%-80%;
dynamic range, 40-50 dB; depth (distance between
the probe and the proximal colon wall), approximately
30 mm; focus, placed in the middle of the lumen;
0
3D Aplipure, on; and 3D scanning angle, 60 . Each
specimen was scanned from the distal to the proximal
end, and 3D volume data were obtained once
approximately every 5 cm because of the sweeping
length of the PLT-1204MV volume transducer. There
fore, one specimen was artificially separated into
several approximately 5-cm-long segmentations. Then,
the data from the scanning were loaded to the Fly Thru
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Interpretation of the findings and measurements with
USVE

Two independent readers (Chen LD and Xu M), who
did not know the size ranges and numbers of polyps,
reviewed all the ultrasound examinations and recorded
the numbers, positions (distance between adjacent
polyps) and sizes of the simulated polyps. To achieve a
valid match between virtual endoscopy and specimen,
a polyp had to appear with the same segment, same
position and similar diameters.
Lesion size is best deﬁned as the single largest
[17]
diameter of the polyp head, excluding the stalk .
With electronic calipers, the two readers independently
measured the polyp size on an optimized 2D MPR
plane, on which the maximum polyp diameter was
viewed. The measurements were determined to the
nearest millimeter. For the same polyp, the mean
measured size was the average of measurements from
the two readers. For the analysis of measurement
accuracy, the absolute measurement error referred
to the difference between the actual size and the
mean measured size. The standardized polyp size was
defined as the mean measured optimized 2D diameter
divided by the reference diameter, multiplied by 100%.
An overall ranking of image quality of the USVE
protocol was performed. Both radiologists graded
conspicuity and evaluated the images together to
resolve any disagreements. The image conspicuity of
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Table 1 Detection rate for the simulated polyps by ultrasound virtual endoscopy, computed tomography colonography and optical
colonoscopy
Actual polyp size,
mm

Referenced
No. of polyps

≤5

OC

USVE

Sensitivity

No. of detected
polyps

Sensitivity

No. of detected
polyps

Sensitivity

9
15
6
30

100%
100%
100%
100%

8
15
6
29

88.9%
100%
100%
96.7%

9
14
6
29

100%
93.3%
100%
96.7%

9
15
6
30

6-9
≥ 10
All

CTC

No. of detected
polyps

USVE: Ultrasound virtual endoscopy; CTC: Computed tomography colonography; OC: Optical colonoscopy.

5

images were read by the above radiologists, who
synchronously recorded the locations, numbers and
sizes of the simulated polyps.

4

OC

Number of polyps

6

The OC of the six specimens was performed with a
colonoscope (CF-H260AI, CV-260, Olympus, Tokyo,
Japan) by two independent endoscopists (Liang JY and
Xie XY) immediately after CT scanning. The oil mixture
was removed. The gastroenterologists were unaware
of the locations, numbers and sizes of the polyps in
each specimen, but were aware of the presence of
polyps. The colonoscope was introduced through the
open proximal end after the urinary catheter was
removed. The examination was started, and endoscopy
views of the entire specimen were acquired. The same
endoscopists recorded the locations, numbers and
sizes of the simulated polyps.

3
2
1
0

4

5

6

7
8
9
10
11
Reference polyps size (mm)

  12

13

Figure 2 Polyp size and number.
[18,19]

each polyp was graded on a three-point scale
:
grade 1 = not visible or very poorly depicted; grade
2 = poorly depicted, with some artifacts that but do
not affect diagnosis; and grade 3 = clearly depicted,
without artifacts.

Statistical analysis

The relationship between conspicuity grades and polyp
sizes was examined using Pearson’s Chi-square test
(SPSS 18, IBM Corporation, New York, NY, United
States). A P value of less than 0.05 was considered
to indicate a statistically signiﬁcant difference. The
intraclass correlation coefficient (MedCalc version
10.2.0.0, Medalc Software, Mariakerke, Belgium) was
applied to analyze the inter-observer agreement for
polyp measurement.

CTC

After US examination, the six specimens were trans
ferred to the CT suite. They were placed in a plastic
container and then manually distended with room
air using a syringe. Five liters of 93.7% soybean oil
was poured into the container until the specimen
[20]
was completely submerged . To avoid flotation, the
specimen was fastened to the bottom of the container
by adhesion of plastic tape, before the oil was poured
into the container.
Blinded to the locations, sizes and numbers of
polyps, two independent radiologists (Feng ST and
Cai HS), performed the CT examinations with a
64-detector row CT scanner (Aquillion 64, Toshiba,
Japan). The images were obtained with these
parameters: 120 kV; 200-250 mA; section thickness,
0.5 mm; beam collimation, 64 mm × 0.5 mm;
reconstruction interval, 0.5 mm; reconstructed section
thickness, 0.5 mm; beam pitch, 0.828; gantry rotation
time, 0.4 second; and ﬁeld of view, 5 cm. The scanning
matrix was 512 × 512. Then, the data were loaded
to a workstation (HP workstation XW8200, Vitrea 2,
Version 3.7). The reconstructed virtual endoscopic
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RESULTS
Simulated polyps detection

The reference polyp size and the number of the 30
simulated polyps for evaluating the detectability are
shown in Figure 3. The polyps were classified into three
groups according to size (≤ 5 mm, 6-9 mm, and ≥
[21,22]
10 mm)
. The detection rates for each group of the
three modalities are shown in Table 1. With USVE, 29
(96.7%) of the 30 polyps were detected; only a 7-mm
polyp was missed. There was one false-positive finding
(identified as a 10-mm polyp). An initial analysis of the
polyp conspicuity data revealed that no observation
was assigned a grade of 1. Twenty-six (89.7%) of
29 polyps were clearly depicted (grade 3) (Figure 4),
whereas the remaining 3 (10.1%) polyps were poorly
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Figure 3 The 3D endoluminal reformatted image of ultrasound virtual endoscopy clearly depicting an 8-mm polyp. We could observe the polyp on the 2D
transversal, sagittal and coronal ultrasonography simultaneously.

Table 2 Relationship between conspicuity grade and polyp
size n (%)

Table 3 Mean error of the optimized two-dimensional multi
planar reformatted measurement and the pooled standardized
polyp size with ultrasound virtual endoscopy

Actual polyp size, Conspicuity grade 2 Conspicuity grade 3 P value
mm
≤ 5 (n = 9)

1 (11.1)
2 (14.3)
0 (0)
3 (10.3)

6-9 (n = 14)
≥ 10 (n = 6)
All (n = 29)

8 (88.9)
12 (85.7)
6 (100)
26 (89.7)

Actual polyp size,
mm

0.627

depicted (grade 2). There was no significant interaction
between polyp conspicuity grade and polyp size (P =
0.638) (Table 2).
Twenty-nine (96.7%) of the 30 polyps were de
picted on the CTC. All of the polyps 6 mm or larger
were detected. One 5-mm polyp, which was located
behind a fold, was not prospectively detected by the
observer on any of the images but was depicted in
a retrospective review. There was one false-positive
finding (identified as a 6-mm lesion) as well. All of the
polyps were clearly detected by OC.

Pooled standardized
polyp size ± SD, %

≤ 5 (n = 9)

1.9 ± 0.8

142.5 ± 18.7

6-9 (n = 14)

0.9 ± 1.2

111.2 ± 16.7

≥ 10 (n = 6)

1.0 ± 1.4

109.2 ± 12.2

≥ 6 (n = 20)

0.9 ± 1.3

110.5 ± 14.6

with actual sizes of 5-mm or smaller, 6-9-mm, and
10-mm or larger were 142.5% ± 18.7%, 111.2% ±
16.7%, and 109.2% ± 12.2%, respectively (Table 3).

DISCUSSION
This study demonstrates, for the first time, that USVE
is technically feasible in an in vitro intestinal specimen.
We found that 96.7% (29/30) of the simulated polyps
with different sizes ranging from 4 to 13 mm in
diameter were depicted using USVE. Thus, USVE is an
accurate screening method and compares favorably
with CTC and OC for polyp detection. With USVE, the
pooled error ± standard deviation and the pooled
standardized polyp size of the optimized 2D MPR
measurements were 0.9 ± 1.3 mm and 110.5% ±
14.6% for polyps ≥ 6 mm, respectively. These results
indicate that USVE is reliable for polyp measurement.
Gastrointestinal tract ultrasonography is challenging.

Polyp measurement

The intraclass correlation coefficient was 0.876 (95%
confidence interval: 0.745, 0.940) for measure
ments obtained with USVE. The pooled absolute
measurement errors ± standard deviations of the
depicted polyps with actual sizes of 5-mm or smaller,
6-9-mm, and 10-mm or larger were 1.9 ± 0.8 mm,
0.9 ± 1.2 mm, and 1.0 ± 1.4 mm, respectively. The
pooled standardized polyp size of the depicted polyps

WJG|www.wjgnet.com

Mean measurement
error ± SD, mm
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A

B

C

D

Figure 4 A 6-mm created polyp is clearly depicted on two-dimensional ultrasonography (A), ultrasound virtual endoscopy (B), computed tomography
colonography (C) and optical colonoscopy (D).

Gas and fecal residue within the colonic lumen make
visibility difficult. The value of abdominal ultrasound
[23-26]
in the diagnosis of CRC has previously studied
.
Following the standard bowel preparation, including
colonic cleansing and oral administration of a solution
[19]
for adequate luminal distention , transabdominal
ultrasound is capable of acquiring 3D data of the colon
which then generates virtual endoscopic imaging.
Additionally, transabdominal ultrasound can observe
the presence of lymphadenopathy, the extracolonic
extension of a mass, and the presence of distant
metastases.
In 2001, a study reported on ultrasound virtual
[27]
endoscopic imaging , using a curved array probe or
a linear array probe with a position-sensing sweeper
device. A series of 2D images were manually scanned
and then stored in a graphics workstation. In our study,
however, we used a new 3D image processing system,
called the Fly Thru workstation, and a 3D volume
probe. The new method is simpler, more convenient,
and has higher spatial resolution. In this ideal pig
intestine specimen, USVE was capable of efficiently
depicting polyps as small as 4-mm in diameter. In
total, 89.7% of the reconstructed images were clearly
depicted (Grade 3), which was approximately equal
[18]
to the polyp conspicuity of CTC . Furthermore, the
detection rate of polyps ≥ 6-mm on USVE approached
100% with only sporadic failures, which was similar
[28]
to the detection rate of in vitro CTC . With the high
resolution and high sensitivity of detecting polyps ≥
6-mm, USVE is expected to be a new colon neoplasm
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screening and surveillance modality.
Neither of the observers found one of the four 7-mm
polyps during the retrospective reviews of USVE. In
contrast, a 10-mm polyp, which was located at the
division of two adjacent scan areas, was depicted
twice and was regarded as a false-positive finding by
both observers. These missing depiction and falsepositive findings resulted from the limited sweeping
range of the 3D volume transducer. When performing
USVE, this transducer scanned approximately 5-cm of
the intestine specimen for each acquisition. Thus, as
one specimen was artificially separated into several
segmentations, the polyps located at the division of
adjacent scan areas could be repeatedly depicted or
even missed. Based on our preliminary experience, we
conclude that the limited scanning range is a major
limitation of USVE.
The achievement of precise polyp matching is critical
for the sensitivity of USVE. According to previous in vitro
studies of CTC, the optimized 2D MPR measurement was
[20,29]
as accurate as the 3D endoluminal measurement
.
In our study, we adapted the optimized 2D MPR
measurement as the standard method of measurement.
The mean absolute optimized 2D measurement errors
and the mean standardized polyp sizes in the ≥ 6-mm
[20,29]
group were generally consistent with values of CTC
.
This important finding demonstrates that the optimized
2D MPR measurement of USVE is reliable for clinical
practice.
This study has some limitations. First, we assessed
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polyps in the in vitro specimens. It is a good alternative for colorectal polyp
screening.

the technical accuracy of USVE performed under ideal
conditions, which includes the absence of patient
motion or peristaltic bowel activity, the clean, debrisfree mucosal surface without folds, and maximal
lumen distention. The study was not able to reflect
an in vivo examination on human. The polyps, either
their morphologic features or locations, may show
more variability in patients. Also, polyp detection and
measurement can be affected by colonic curvature,
haustral folds, and even different degrees of colonic
distention. Additionally, we did not attempt to create
flat adenomas in our specimens. Second, polyp size
was not measured on the 3D view because the system
is currently not able to obtain 3D measurements.
Typically, 3D polyp measurements are closer to the
“truth” than 2D measurements as the maximum
diameter of a polyp is straightforward with the former
measurement. Although 2D measurements would
optimize polyp diameter by comparing measurements on
MPR planes, even using nonstandard oblique planes, this
[29]
complex procedure would prolong the measurement .
In summary, USVE enables the reliable detection
and measurement of small simulated mucosal polyps
in our in vitro model. It is a good potential alternative
for colorectal polyp detection. Further in vivo studies
are required to determine its sensitivity and specificity
for polyp detection in patients.

Terminology

USVE is a novel trans-abdominal ultrasonic technique that simulates views
of CTC. It allows for the reconstruction of inner bowel-surface structures from
dynamic three-dimensional ultrasound data sets.

Peer-review

This is an in vitro study that reports the feasibility of a new, non-invasive,
radiation-free technique (USVE) in detecting and measuring polyps. The
authors compared USVE with CTC and colonoscopy, as the reference
standard, with interesting results. The authors performed a well-designed study.
It is detailed, easy to read and the subject (with all of the important limitations
of a preliminary approach) may be relevant in medicine in future. In vivo studies
were encouraged.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Wenzhou Medical University Institutional
Review Board.

AIM: To investigate the role of tolvaptan in regulating
aquaporin (AQP)-2 expression and fecal water content
in cirrhotic rats with ascites.

Institutional animal care and use committees statement:
All procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Wenzhou
Medical University in 2013 (NO. wydw2013-0071).

METHODS: Cirrhosis with ascites was induced in
rats by repetitive dorsal injection of CCl4 for 14 wk. In
total, 84 cirrhotic rats with ascites divided into three
groups (vehicle, 3 mg/kg and 5 mg/kg tolvaptan), and
then further divided into five subgroups (days 1, 2, 3,
4, and 5). Blood samples were obtained to measure
vasopressin and sodium concentrations. Rats were
killed and colonic mucosa was scraped for analysis of
protein expression and AQP-2 transcriptional level.
The whole layer was fixed for hematoxylin&eosin (HE)
staining and feces were collected for determination of
fecal water content.
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CONCLUSION: Compared with vehicle, vasopressin
decreased significantly in the tolvaptan groups from
day 2 to a similar level in each treatment group. AQP-2
showed significant upregulation in cirrhotic rats with
ascites compared with an untreated control group
(100% ± 22.9% vs 22.2% ± 10.23%, P < 0.01). After
administration of tolvaptan, AQP-2 expression began
to decrease significantly from day 2 in each treatment
group, but no significant difference was finally found
between the treatment groups. Fecal water content in
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the distal colon was increased by 5 mg/kg tolvaptan
on day 1 (66.8% ± 9.3% vs 41.4% ± 6.3%, in the
vehicle group, P < 0.05). Fecal water content returned
to baseline at day 4 at the latest in both treatment
groups, and did not correspond to the change in AQP-2
expression. HE staining of the colonic mucosa showed
no mucosal damage related to tolvaptan.

major AQPs in the colon include AQP-1, 2, 3, 4, and
[3-5]
8 . AQP-2 is mainly expressed in the kidneys, and
[6,7]
was first discovered by Preston et al
in 1992. Since
then, it has been found in human and rat colons. In
the kidneys, activation of the vasopressin V2 receptor
increases water reabsorption, both by short- and long[1]
term regulation . Whether AQP-2 regulates the water
balance in the intestinal tract remains obscure.
Tolvaptan is a novel vaptan and is characterized as
a highly effective and selective non-peptide V2 receptor
antagonist. It binds to the V2 receptor and induces
[8]
aquaresis in humans and rats after oral administration .
Tolvaptan increases free water clearance and shows
its unique curative effect in kidney and cardiovascular
[9-11]
diseases
. Tolvaptan has been shown to alleviate
the syndrome of inappropriate antidiuretic hormone or
[12-14]
ascites
.
In our clinical cases, some patients with hyponatremia
appeared to have diarrhea during aquaretic therapy.
We suspected that they might respond to tolvaptan
administration, and we designed the present animal
study to investigate the correlation between tolvaptan
and fecal water content.

CONCLUSION: Upregulation of AQP-2 in the distal colon
is found in cirrhotic rats with ascites. Tolvaptan inhibits
its expression and may decrease water reabsorption and
induce diarrhea.
Key words: Tolvaptan; Aquaporin-2; Cirrhosis; Ascites
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Aquaporin (AQP)-2 is mainly expressed in
the kidneys, although it has been detected in the
distal colon. We confirmed its expression in the distal
colon and its upregulation in cirrhotic rats with ascites.
Tolvaptan is a highly potent and selective AQP-2
antagonist and is used to treat cirrhotic ascites and
hyponatremia. It blocked AQP-2 expression in the
distal colon after oral administration, and temporarily
increased fecal water content. Fecal water content
returned to baseline quickly. The results suggest that
tolvaptan inhibited AQP-2 expression in the distal colon
and may induce diarrhea to clear water.

MATERIALS AND METHODS
All procedures involving animals were reviewed and
approved by the Institutional Animal Care and Use
Committee of Wenzhou Medical University in 2013 (No.
wydw2013-0071). Tolvaptan was a gift from Otsuka
Pharmaceutical Company, Japan.

Chen C, Chen RP, Lin HH, Zhang WY, Huang XL, Huang ZM.
Tolvaptan regulates aquaporin-2 and fecal water in cirrhotic rats
with ascites. World J Gastroenterol 2016; 22(12): 3363-3371
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i12/3363.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i12.3363

Modeling

The study was performed in 84 conscious adult male
Sprague-Dawley rats with cirrhosis and ascites induced
by dorsal subcutaneous injection of CCl4 (1 mg/kg)
dissolved in paraffin (1:1; v/v) twice weekly (Monday
and Friday) for 14 wk. Rats weighing 200-250g were
fed ad libitum with standard chow and filtrated water
containing phenobarbital (0.3g/L) as drinking fluid.
After 1 wk phenobarbital induction, CCl4 treatment
began. One hundred and thirty rats were submitted
to the model protocol, but 46 of these could not be
included in the study for the following reasons: 20 died
during the protocol and 26 failed to develop ascites.
After developing ascites, all rats were observed for one
more week to judge the stability of the ascites. All the
animals with ascites were kept in metabolic cages for
3 d before tolvaptan (dissolved in 1% hydroxypropyl
methylcellulose) treatment.

INTRODUCTION
Ascites is a serious complication often seen in patients
with advanced liver cirrhosis with portal hypertension.
The onset and development of cirrhotic ascites are
multifactorial. Liver function deterioration, portal
hypertension, and systemic vasodilation lead to
activation of the renin-angiotensin-aldosterone system,
[1]
sympathetic nervous system, and vasopressin .
Ascites and water retention are associated with
[2]
increased mortality rates , and redistribution of
liquid is a major component of the physiological and
pathological changes.
The colon is a vital organ for regulating water
and salt balance. A total of 6-8 L of digestive fluids
is secreted into the intestinal tract every day, and
mainly comes from plasma and tissue fluid, but little
is excreted. Water and salt homeostasis are mainly
regulated by the colonic epithelium. The aquaporin
(AQP) family plays an important role in modulating
absorption and secretion of water and electrolytes. The

WJG|www.wjgnet.com

Experimental protocols

In total, 84 cirrhotic rats with ascites were included in
this protocol and randomly assigned to three groups
(vehicle, 3 mg/kg and 5 mg/kg tolvaptan). Each
group was further divided into five subgroups (1, 2,
3, 4, and 5 d). Tolvaptan was applied by oral gavage.
Body weight was measured daily at 09:00 am prior to
treatment.
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Tissue preparation

epithelium samples using TRIzol reagent (Invitrogen,
Carlsbad, CA, United States). Reverse transcription
was carried out using a Fist-Strand cDNA Synthesis
kit (Thermo Scientific) in a total volume of 20 µL. The
resultant cDNA was amplified using a SYBR Green
qPCR kit (Applied Biosystems, Carlsbad, CA, United
States), and quantified using an ABI PRISM 7500
sequence detection system (Applied Biosystems). For
PCR, the following sense and antisense primers were
designed from rat AQP-2 cDNA sequence: sense,
5’-TGGGTTGCCATGTCTCCTTC-3’; and antisense,
5’-GCGTTGTTGTGGAGAGCATT-3’. The PCR system
consisted of 1 µL cDNA, 0.5 µL each of specific primers
(10 µmol/L), 5 µL 2 × SYBR Green Mix and 3 µL
water in a total volume of 10 µL. The PCR cycling
conditions for AQP-2 and GAPDH were as follows: an
initial denaturation and activation at 95 ℃ for 10 min,
followed by 40 amplification cycles of 95 ℃ for 15 s
and 60 ℃ for 60 s. mRNA expression of the target
genes was standardized by reference gene GAPDH.
The relative expression of each gene was calculated
-ΔΔCt
by the comparative Ct method. The 2
method
was adopted to quantify the mRNA expression level
between each group, and ΔΔCt was defined by the
following equation: ΔΔCt = [(Ct of AQP-2 - Ct of
GAPDH)tolvaptan - (Ct of AQP-2 - Ct of GAPDH)vehicle].

At the end of the experiment, rats were anesthetized
intraperitoneally with 10% chloral hydrate; blood
samples were obtained by postcaval puncture, and
the descending colon was removed rapidly, feces were
collected, and the colon was washed with phosphatebuffered saline at 4 ℃ three times. Animals were
then killed by cervical dislocation. Colonic mucosa
was isolated from underlying serosa by scraping with
a glass slide and placing it into liquid nitrogen and
then storingat -80 ℃ for western blotting and realtime polymerase chain reaction (PCR); the whole
layer was fixed in 4% paraformaldehyde for 24 h and
prepared for hematoxylin&eosin (HE) staining. Blood
was collected in centrifuge tubes containing EDTA (1.5
mg/mL) and proteinase inhibitor (Roche, Switzerland),
and then kept on ice until centrifugation at 4 ℃ to
obtain plasma. The plasma was stored at -20 ℃ for
subsequent assay of plasma vasopressin and ion
concentrations.

Hormone determination

Hormone levels were determined by avidin-biotin
ELISA using commercially available kits, vasopressin
ELISA kit (Westang Bio-Tech, Shanghai, China) for
+
plasma vasopressin concentration. Na concentration
was determined using a potentiometric method
(AU5800; Beckman Coulter, CA, United States).

HE staining

Colonic mucosal epithelium samples from cirrhotic
rats with ascites were fixed overnight in 4% para
formaldehyde at 4 ℃ and routinely processed for
paraffin embedding. Histological sections (5 μm) were
then prepared and stained with HE. Images (× 400
magnification) of the distal colon were acquired with
a biological imaging microscope (Olympus, Tokyo,
Japan).

Western blotting

Colonic mucosal epithelium was obtained by scraping
with a glass slide, and homogenized in lysis buffer
(Beyotime Institute of Biotechnology, Shanghai,
China) with a glass homogenizer. The successive
process followed the instructions of the Mem-PER
Eukaryotic Membrane Protein Extraction Kit (Thermo
Scientific). The supernatant was collected and its
protein concentration was analyzed by BCA kit (Tiangen
Biotech, Beijing, China), and then diluted with loading
buffer (FUDE Biological Technology, Hangzhou, China)
to 4 µg/µL. Each mixture was boiled at 100 ℃ for 5
min and chilled on ice. The mixture was stored at
-20 ℃ and equal volumes were loaded in SDS-PAGE,
together with molecular markers. The protein was
transferred from the gel to a PVDF membrane, and the
membrane was blocked for 1h at room temperature
using 5% bovine serum albumin. Membranes were
incubated with AQP-2 antibody (Cell Signaling
Technology, Danvers, MA, United States) overnight at
4 ℃. After washing the membrane with Tris-buffered
saline containing 0.1% Triton X-100, horseradish
peroxidase was added for color development. Images
were obtained by darkroom development techniques
for chemiluminescence by ECL Plus (Advansta, Menlo
Park, CA, United States).

Fecal water content

Fecal samples were collected at the time of sacrifice,
and dried in anoven at 60 ℃ for 24 h. The fecal
water content was calculated based on the following
equation: [wet weights (g)-dry weights (g)]/wet
weights (g) × 100%.

Statistical analysis

The results were expressed as the mean ± SEM, and
the analyses were performed using SPSS version 17.0
software. The Student t test was used for two-group
comparisons. Differences were considered statistically
significant at P < 0.05. All the statistical analyses were
performed by a biomedical statistician.

RESULTS
In the pathological examination, all liver specimens
from cirrhotic rats with ascites showed cirrhosis, but we
failed to distinguish any significant differences between
rats receiving tolvaptan or vehicle. HE staining of the

mRNA detection for target genes

Total RNA was isolated from the colonic mucosal
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Day 2

Day 3

Day 4

Day 5

5 mg/kg

3 mg/kg

Vehicle

Day 1

Figure 1 Hematoxylin and eosin staining of the distal colon of cirrhotic rats with ascites receiving different doses of tolvaptan for different periods (× 400).
No mucosal damage was attributable to administration of tolvaptan.

Table 1 Body weight, vasopressin and serum sodium in baseline conditions in cirrhotic rats prior to receiving tolvaptan (3 mg/kg),
tolvaptan (5 mg/kg) or vehicle

Body weight (g)

Vasopressin(pg/L)

Serum sodium (mol/L)

Vehicle
Tolvaptan (3 mg/kg)
Tolvaptan (5 mg/kg)
Vehicle
Tolvaptan (3 mg/kg)
Tolvaptan (5 mg/kg)
Vehicle
Tolvaptan (3 mg/kg)
Tolvaptan (5 mg/kg)

1d

2d

3d

4d

5d

486.7 ± 12.57 (5)
502.3 ± 11.91 (6)
493.4 ± 16.34 (6)
13.25 ± 1.24 (5)
15.29 ± 0.93 (6)
14.85 ± 1.39 (6)
141.2 ± 1.31 (5)
139.2 ± 1.27 (6)
141.2 ± 1.21 (6)

492.1 ± 10.12 (5)
487.3 ± 12.43 (6)
485.2 ± 20.21 (6)
14.15 ± 1.41 (5)
13.37 ± 1.22 (6)
14.23 ± 0.81 (6)
141.2 ± 1.11 (5)
141.3 ± 1.20 (6)
140.9 ± 1.12 (6)

472.8 ± 18.21 (5)
465.6 ± 16.59 (6)
490.1 ± 13.12 (6)
15.44 ± 1.38 (5)
16.87 ± 0.73 (6)
15.12 ± 1.21 (6)
139.2 ± 0.75 (5)
138.2 ± 1.85 (6)
142.2 ± 1.22 (6)

475.2 ± 9.21 (5)
465.6 ± 13.24 (6)
472.1 ± 12.12 (6)
14.99 ± 0.94 (5)
15.16 ± 1.17 (6)
13.21 ± 1.21 (6)
140.1 ± 0.92 (5)
140.1 ± 1.23 (6)
138.1 ± 2.21 (6)

482.8 ± 13.24 (5)
476.3 ± 16.00 (5)
490.1 ± 11.12 (6)
13.05 ± 0.85 (5)
14.33 ± 0.99 (5)
15.23 ± 0.81 (6)
140.2 ± 1.31 (5)
138.2 ± 1.87 (5)
139.1 ± 1.55 (6)

Data are mean ± SEM (number of rats); no significant difference was found between different doses of tolvaptan and vehicle.

colon tissue sections showed no mucosal damage to
the colon attributable to the administration of tolvaptan
(Figure 1).
Table 1 shows the effect of different doses of
tolvaptan at different times on cirrhotic rats, and we
chose the first 5 d to observe plasma vasopressin,
sodium concentration, and body weight. No significant
differences were observed in body weight and no
change was identified for sodium and vasopressin
concentrations based on different doses of tolvaptan
and vehicle.
After administration of both doses of tolvaptan,
there was a significant decrease in body weight on
day 1, as well on successive days (Table 2). After
drug treatment for 4-5 d, ascites was eliminated
(confirmed by abdominal laparotomy when sacrificed).
Vasopressin decreased from day 2, and the successive
days.
AQP-2 expression in the distal colon was detected
in each group. Two bands of AQP-2 protein were
detected by western blotting. One band appeared
at 23 kDa and the other at 39 kDa, representing
the nonphosphorylated and phosphorylated forms,
respectively. The total expression of the two bands

WJG|www.wjgnet.com

was analyzed as the protein level in the distal colon
(Figure 2). The protein expression level of AQP-2 after
1 d tolvaptan administration showed no significant
difference compared to that with vehicle. Compared
with vehicle, significant AQP-2 downregulation was
found on day 2 (3 mg/kg: 100% ± 22.9% vs 54.7% ±
11.7%, P < 0.05; 5 mg/kg: 100% ± 22.9% vs 53.0%
± 9.4%, P < 0.01), and on successive days with
both doses of tolvaptan. However, no difference was
found in AQP-2 expression between the 3 mg/kg and
5 mg/kg groups. Transcriptional AQP-2 in the distal
colon was also measured (Figure 3). Compared with
vehicle, there was a significant reduction on day 1 with
tolvaptan (3 mg/kg: 100 ± 16.3% vs 68.5 ± 10.0%,
P < 0.05; 5 mg/kg: 100 ± 16.3% vs 34.1 ± 15.1%,
P < 0.01), as well as on successive days. Expression
of AQP-2 mRNA before and after administration of
tolvaptan showed a consistent trend to reflect protein
expression.
Fecal water content after tolvaptan administration
increased on days 2 and 3 with both doses of tolvaptan,
but only the higher dose caused an increase on day 1
(Figure 4). After 3 d of tolvaptan administration, the
fecal water content returned to baseline.
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Table 2 Body weight, vasopressin, and serum sodium in cirrhotic rats after tolvaptan (3 mg/kg), tolvaptan (5 mg/kg), or vehicle
1d
Body weight (g)

Vasopressin (pg/L)

Serum sodium (mol/L)

Vehicle
Tolvaptan (3 mg/kg)
Tolvaptan (5 mg/kg)
Vehicle
Tolvaptan (3 mg/kg)
Tolvaptan (5 mg/kg)
Vehicle
Tolvaptan (3 mg/kg)
Tolvaptan (5 mg/kg)

2d

492.6 ± 11.22 (5)
482.2 ± 20.21 (5)
460.2 ± 12.31 (5)a
12.97 ± 0.92 (5)
12.25 ± 0.82 (5)
12.01 ± 1.21 (5)
140.2 ± 1.25 (5)
143.2 ± 2.32 (5)
144.1 ± 1.22 (5)a

3d

498.5 ± 12.21 (5)
466.2 ± 10.19 (6)a
455.1 ± 16.12 (5)a
13.81 ± 1.30 (5)
11.41 ± 0.62 (6)
10.12 ± 0.92 (5)a
140.2 ± 1.51 (5)
144.2 ± 1.17 (6)a
147.1 ± 2.51 (5)a

4d

490.3 ± 16.21 (5)
450.1 ± 18.21 (5)a
440.2 ± 23.12 (6)a
15.91 ± 0.89 (5)
10.21 ± 0.91 (5)a
8.12 ± 1.22 (6)a
141.2 ± 0.65 (5)
146.1 ± 1.13 (5)a
147.9 ± 2.21 (6)a

500.1 ± 16.21 (5)
443.1 ± 20.12 (6)a
437.3 ± 22.21 (5)a
16.97 ± 1.38 (5)
9.77 ± 1.21 (6)a
7.01 ± 1.63 (5)b
141.1 ± 1.61 (5)
147.2 ± 2.11 (6)b
146.2 ± 1.71 (5)a

5d
493.1 ± 11.12 (5)
440.1 ± 20.12 (5)a
446.1 ± 21.21 (4)a
14.02 ± 0.98 (5)
7.12 ± 1.32 (5)b
7.33 ± 1.13 (4)a
142.2 ± 0.81 (5)
146.1 ± 2.47 (5)a
147.2 ± 1.12 (4)b

Data are mean ± SEM (number of rats); aP < 0.05, tolvaptan vs vehicle, respectively; bP < 0.01, tolvaptan vs vehicle, respectively.
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Figure 2 Phosphorylated (39 kDa) and nonphosphorylated (23 kDa) protein expression of AQP-2 in distal colon in cirrhotic rats with ascites treated by oral
gavage of tolvaptan (3 or 5 mg/kg) or vehicle. After 1 d of both doses of tolvaptan, no significant difference was found between each group. Compared with vehicle,
AQP-2 protein expression showed significant reductions on day 2 (3 mg/kg: 100% ± 22.9% vs 54.7% ± 11.7%, P < 0.05; 5 mg/kg: 100% ± 22.9% vs 53.0% ± 9.4%,
P < 0.01) and on successive days. AQP-2 expression in a control group (no treatment) was also measured, and was significantly lower than that on day 2 compared
with vehicle (22.2% ± 10.23% vs 100% ± 22.9%, P < 0.01). No significant difference was found between the cirrhotic groups treated with different dosesof tolvaptan.
Data are mean ± SEM; aP < 0.05, tolvaptan vs vehicle; bP < 0.01, tolvaptan vs vehicle. AQP: Aquaporin.
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Figure 3 Relative mRNA expression of AQP-2 in the distal colon in the tolvaptan and vehicle groups. AQP-2 transcription in the distal colon in cirrhotic rats
with ascites treated with different doses of tolvaptan (3 and 5 mg/kg) was measured. Compared with vehicle, a significant difference was detected on day 1 (3 mg/kg:
100% ± 16.3% vs 68.5% ± 10.0%, P < 0.05; 5 mg/kg: 100% ± 16.3% vs 34.1% ± 15.1%, P < 0.01) and on successive days. There was no significant difference
between the respective tolvaptan groups. Data are mean ± SEM; aP < 0.05, tolvaptan vs vehicle; bP < 0.01, tolvaptan vs vehicle.

rats helps regulate transepithelial water transport from
the intestinal side to the vascular side. This mechanism
was strongly involved in water absorption and fecal
dehydration.
In our study, colonic expression of AQP-2 was
confirmed and we found that it was upregulated in
cirrhotic rats with ascites. Ascites is a state of water
retention, which is a combined effect of endocrine and
hemodynamic systems. We attributed the increase in
AQP-2 expression to the development of ascites. A high
hemodynamic state accelerates hypothalamus secretion
[21]
of excessive vasopressin , and deterioration of liver
function reduces the vasopressin and aldosterone
metabolism. Both of these contribute to the high levels
of vasopressin and aldosterone in the bloodstream.
Excessive vasopressin stimulates V2 receptors and
activates adenylyl cyclase, which increases the con
centration of cAMP in the cytoplasm, thus facilitating
phosphorylation of AQP-2. The accumulation of AQP-2
is induced by vesicle trafficking from storage vesicles
to apical surface membranes within several tens of
[22-25]
minutes (short-term regulation)
, and in the longterm, upregulation of AQP-2 in response to vasopressin
[26,27]
plays a major role
.
Tolvaptan is a highly effective and selective nonpeptide V2 receptor antagonist. It was reported that

DISCUSSION
The effect of tolvaptan on AQP-2 in the distal colon
has been reported in rats in order to explore the
roles of vasopressin and aldosterone in physiological
[15,16]
adaption
. In our study, different doses of tolvaptan
were administered for different times to investigate
the colonic expression of AQP-2 in cirrhotic rats
with ascites, and to explore the role of tolvaptan
in regulation of fecal water content. The findings
presented here indicated that AQP-2 expression in
the distal colon increased in cirrhotic ratswith ascites,
and it was downregulated by oral administration
of tolvaptan. Furthermore, the fecal water content
increased temporarily during tolvaptan therapy.
Every AQP protein consists of six transmembrane
domains, and the AQP family selectively transports
water, glycerin, and other compounds through the
membrane. It is generally accepted in the kidneys
that transmembrane free water is regulated by water
[17,18]
channel, namely AQP-2. Both water deprivation
[19,20]
and deamino-arg8-vasopressin (dAVP)
infusion
increases AQP-2 expression in the kidney. AQP-2 was
first observed in the distal colon in dehydrated rats
[3]
by Gallardo et al in 2001. They suggested that the
colonic expression of AQP-2 in apical membranes of
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Figure 4 Fecal water content in the distal colon of cirrhotic rats with ascites. Compared with vehicle, the fecal water content increased from day 1 in the 5 mg/kg
tolvaptan group (41.4% ± 6.3% vs 66.8% ± 9.3%, P < 0.05), and from day 2 in the 3 mg/kg group (40.0% ± 6.0% vs 59.2% ± 10.3%, P < 0.05). However, it returned
to baseline after 3 d administration of both doses of tolvaptan. No significant difference was found between different doses of tolvaptan. Data are mean ± SEM; aP < 0.05,
tolvaptan vs vehicle; bP < 0.01, tolvaptan vs vehicle.

oral tolvaptan (1 and 3 mg/kg) promoted a marked
diuretic effect in dimethylnitrosamine-induced cirrhotic
[28]
[16]
rats with ascites . Cristia et al reported that 3 mg/
kg tolvaptan significantly inhibited AQP-2 expression
in the distal colon. In our preliminary experiment, we
selected different doses of tolvaptan and found that 1
mg/kg showed aquaresis but had no significant effect
on colonic AQP-2 expression. So, we tried higher doses
of 3 mg/kg and 5 mg/kg. Ascites was eliminated at
the end of the protocol in most of the rats receiving
tolvaptan therapy. Serum sodium increased and
no hypernatremia was present. Some rats died of
dehydration. We confirmed elevation of vasopressin
[21]
in cirrhotic rats
and different doses of tolvaptan
decreased it to a similar level. It seems that in the
cirrhotic ascites model, elevation of vasopressin is
mainly induced by a non-osmotic mechanism, because
hyponatremia should inhibit vasopressin excretion in
healthy individuals. After the circulation improved,
vasopressin levels decreased.
As in the kidneys, the effect of vasopressinon
AQP-2 regulation in the colon is a response to V2
receptor activation. Our results confirmed that the
reduction of colonic expression of AQP-2 was a direct
response to oral tolvaptan administration. In the
present study, both doses of tolvaptan affected AQP-2
regulation but different doses eventually resulted in
similar expression levels in the distal colon.
It is reported that the colon could be a target for
action by vasopressin, as it has been shown that
+
[15]
vasopressin stimulates Na and water absorption .
Water is removed from luminal feces by the surface
[29]
[16]
mucosa and the crypts . Cristià et al
suggested
that the stimulation of myofibroblast growth and the
increase in AQP-2 expression are consistent with
the antidiuretic role of tolvaptan in the distal colon.
The studies above discussed the colonic microscopic
function and electrochemical changes of tolvaptan, but
the biological function has not been explored.

WJG|www.wjgnet.com

We showed that the fecal water content increased
and we attributed it to tolvaptan administration. It
is known that mucosal damage in the colon causes
[30,31]
diarrhea
. We were not sure whether a higher dose
of tolvaptan would cause mucosal damage. So, we
performed HE staining of the colon tissue sections, and
no mucosal damage was found that was attributable to
administration of tolvaptan. However, after a few days
of therapy, the fecal water content returned to normal
(4-5 d). This phenomenon did not correspond to the
alteration of AQP-2 expression in the distal colon. As
tolvaptan was the only variable in this experiment, we
suggest there would be compensatory mechanisms of
water balance.
Vasopressin-dependent water flow occurs via
AQP-2 from the intestinal tract, and outflow to the
intercellular space via AQP-3 and/or AQP-4. However,
it appears that neither AQP-3 nor AQP-4 is regulated
[32,33]
by vasopressin in the distal colon
. It has been
suggested that AQP-4 has little or no effect on colonic
fluid secretion or fecal dehydration. However, AQP-3 is
the most dominantly expressed AQP in the colon and
[34,35]
plays an important role in the absorption of water
,
and its abundance appears to be regulated on a
long-term basis in a manner similar to the long-term
regulation of AQP-2. When exposed to an environment
[36]
of possible water overload , AQP-3 could serve as
a water channel to reabsorb water from the enteric
cavity. When AQP-3 was specifically blocked by HgCl2
[37]
or CuSO4, diarrhea was induced . We speculate that
AQP-3 upregulation may be one of the mechanisms
to balance water absorption in the distal colon after
tolvaptan administration.
Our experiment explored fecal water content
in response to oral tolvaptan administration in the
therapy of cirrhotic ascites. Tolvaptan reduces water
reabsorption and may promote clearance of redundant
water. This mechanism could induce diarrhea in some
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conditions. However, the precise mechanism needs
to be further explored. Besides long-term regulation,
short-term regulation should also be investigated in
the distal colon and its biological function should be
confirmed.
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Abstract
AIM: To evaluate the effects of OGG1 (Ser326Cys,
11657A/G, and Arg154His) and APE1 (Asp148Glu, and
T-656G) polymorphisms on colorectal cancer (CRC)
risk.

Institutional review board statement: The study was approved
by the ethics committee of Chang Gung Memorial Hospital (IRB
permit number: 98-0573B).
Informed consent statement: All patients provided informed
written consent prior to study enrollment.

METHODS: We enrolled 727 cases newly diagnosed
with colorectal adenocarcinoma and 736 age- and
sex-matched healthy controls from a medical center
in Taiwan. Genomic DNA isolated from the buffy coat
was used for genotyping through polymerase chain
reaction. Unconditional logistic regressions were used
for calculating ORs and 95%CIs to determine the
association between the genetic polymorphisms and
CRC risk. Haplotype frequencies were estimated using
PHASE software. Moreover, stratification analyses on
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the basis of sex, age at diagnosis, and tumor subsite
and stage were performed.

or double-strand breakages, base modifications,
[4]
deoxyribose modifications, and DNA cross-links .
DNA repair enzymes are critical in preventing drug
resistance and protecting the genome against ROS
[2]
carcinogenesis . More than 100 proteins are involved
in the DNA repair system through different pathways,
including base excision repair (BER), nucleotide excision
repair, double-strand break repair, and mismatch
[5]
repair .
The BER gene family is activated through internal
oxidative stress and DNA damage and involves
8-oxoguanine glycosylase 1 (OGG1) and apurinic[6]
apyrimidinic endonuclease 1 (APE1) . OGG1 is located
at 3p26.2 and encodes the major repair enzyme for
directly removing 8-oxo-guanine (8-oxoG) from the
[7]
damaged DNA . In addition to catalyzing 8-oxoG
excision from DNA, OGG1 can incise at abasic sites
through an apurinic and apyrimidinic (AP) lyase
[8]
activity . Studies have suggested low in DNA repair
efficiency in patients with cancer. Most studies focused
on the common single nucleotide polymorphism (SNP)
C1245G that results in the substitution of serine with
[5,9-12]
cysteine at codon 326 (Ser326Cys, rs1052133)
.
The 326Cys protein, whose enzyme activity is lower
than that of Ser, might be associated with cancer
[5,13]
risk
. Two other OGG1 SNPs, 11657A/G and
Arg154His (rs 56053615), located in the downstream
[14-16]
region have also been associated with cancer risk
.
Human APE1 is located on chromosome 14q11.2-q12
[17]
and comprises five exons spanning 2.21 kb . APE1
is crucial in initiating the BER of basic sites in DNA
hydrolyzing the phosphodiester backbone 5’ to an
AP site and recruiting DNA polymerase β and DNA
[18,19]
ligase Ⅲ
. Known allelic variants of APE1 include
an amino acid change from aspartic acid to glutamic
acid (Asp148Glu, rs 1130409) in exon 5, which may
be associated with hypersensitivity to ionizing radiation
[20-22]
and cancer risk
. Moreover, a T to G SNP observed
in the promoter region (T-656G, rs1760944) was
[18]
associated with a 57% reduced risk of lung cancer .
Numerous studies have examined the association
of OGG1 and APE1 polymorphisms with the CRC risk,
[5,7,12,23-25]
but the results are controversial
. Therefore,
in this study, we evaluated the association of genetic
polymorphisms of OGG1 (Ser326Cys, 11657A/G, and
Arg154His) and APE1 (Asp148Glu, and T-656G) with
the CRC risk in a hospital-based case-control study in
Taiwan. In addition, because age at diagnosis, sex, and
tumor site and stage may modify the aforementioned
[23,26-29]
association
, we used stratification analysis
for investigating whether these factors affect the
association between OGG1 and APE1 polymorphisms
and CRC risk.

RESULTS: The CRC risk was higher in patients with
the OGG1 326Ser/Cys + Cys/Cys genotype (OR =
1.38, 95%CI: 1.03-1.85, P = 0.030), particularly high
in patients with stage Ⅲ + Ⅳ cancer (OR = 1.48,
95%CI: 1.03-2.13) compared with patients with the
Ser/Ser genotype. In addition, OGG1 11657G allele
carriers had a 41% reduced CRC risk among stage 0Ⅱ patients (OR = 0.59, 95%CI: 0.35-0.98). The CRC
risk was significantly higher among females with the
APE1 Glu allele (OR = 1.41, 95%CI: 1.02-1.96). The
APE1 148Glu/-656G haplotype was also associated with
a significant CRC risk in females (OR = 1.36, 95%CI:
1.03-1.78).
CONCLUSION: OGG1 and APE1 polymorphisms are
associated with stage- and sex-specific risk of CRC in
the Taiwanese population.
Key words: APE1 ; OGG1 ; Taiwan; Colorectal cancer;
polymorphisms
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The associations between base excision repair
DNA polymorphisms and colorectal cancer (CRC) risk is
controversial. The present study examined the effects
of OGG1 and APE1 polymorphisms on the CRC risk
by using a large-scale sample of 727 CRC cases and
736 healthy controls. Results demonstrated that OGG1
326Cys and APE1 148Glu alleles were significantly
associated with an increased CRC risk in patients
with stage Ⅲ + Ⅳ cancer (OR = 1.48) and females
(OR = 1.41). Females carrying the APE1 148Glu/656G haplotype also exhibited a 36% increased CRC
risk. These findings suggest that OGG1 and APE1
polymorphisms are associated with stage- and sexspecific risk of CRC.
Lai CY, Hsieh LL, Tang R, Santella RM, Chang-Chieh CR, Yeh
CC. Association between polymorphisms of APE1 and OGG1
and risk of colorectal cancer in Taiwan. World J Gastroenterol
2016; 22(12): 3372-3380 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i12/3372.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i12.3372

INTRODUCTION
Colorectal cancer (CRC) is the second most common
cancer and third leading cause of cancer-related
[1]
deaths in Taiwan . Studies have indicated that both
endogenous and exogenous oxidative damage resulting
from reactive oxygen species (ROS) generation
[2,3]
participates in all stages of cancer . Several ROS
can cause oxidative DNA damage, including single-
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[26,30]

cribed
. Briefly, cases newly diagnosed with
colorectal adenocarcinoma were enrolled from Chang
Gung Memorial Hospital between January 1995 and
January 1999. Age- and sex-matched healthy controls
were enrolled from the Physical Check-Up Department
during the same period. After excluding patients
diagnosed with hereditary colorectal diseases, other
related malignancies, or a history of cancer, 727 cases
(94%, 727/776) and 736 controls (98%, 736/747)
were included in this study. The Institutional Review
Board of Chang Gung Memorial Hospital approved the
study protocol, and all participants provided written
informed consent.

SNP detection kit (PerkinElmer Life Sciences, Boston,
MA, United States). The AcycloPrime-FP reaction
was conducted in a 10-µl mixture containing 2 µl of
amplified and processed PCR product, 9 pmol/L of
probe, 0.5 U of the appropriate AcycloTerminator kit,
0.025 µl of AcycloPol in the buffer provided by the
manufacturer. The PCR program involved a 2-min
denaturing step at 95 ℃ followed by 39 cycles of
15 s at 95 ℃ and 30 s at 55 ℃. The forward probes
5’-AGTGCCGACCTGCGCCAAT-3’ and 5’-CCAGGA
AGGACAAGGCTCA-3’ were used for Ser326Cys and
11657A/G polymorphisms, respectively. Fluorescence
polarization was measured using the PerkinElmer
2
Victor reader (PerkinElmer) connected with data
analysis and allele-calling software. All genotyping
assays included three known genotypes and a negative
control, and the laboratory analyser was blinded to the
case-control status of the participants.
Genotyping for assessing the OGG1 Arg154His
polymorphism was modified from a previously reported
method using primer extension and denaturing high[26]
performance liquid chromatography (PE-DHPLC) .
Briefly, forward (5’-AGCAGGTACCTCTCCTACC-3’) and
reverse (5’-AGGTCCAAAAGCCTGGCAC-3’) primers
were used for PCR amplification. Reactions were
run in 25 µl volumes using an amplification protocol
involving an initial denaturation step at 95 ℃ for 5
min, followed by 34 cycles of 95 ℃ for 1 min and
60 ℃ for 30 s 72 ℃ for 30 s, and 72 ℃ for 5 min.
After amplification, a 5 µl PCR product was degraded
using 0.64 U of exonuclease I and 0.08 U of shrimp
alkaline phosphatase for 40 min at 37 ℃. Furthermore,
the product was amplified in a 25 µl final volume
containing 1 mmol/L of dNTP and ddATP, 10 µmol/L of
primer (5’-CCTCCAACAACAACATCGCCC-3’) and 0.5 U
TM
of Thermo Sequenase DNA polymerase (Amersham,
Cleveland, Oh, United States) in the buffer. Reactions
were conducted as follows: an initial denaturation step
of 95 ℃ for 75 s; 49 cycles of 95 ℃ for 15 s, 43 ℃ for
15 s, and 60 ℃ for 100 s, and an extension step of
96 ℃ for 30 s. The extended products were analyzed
through DHPLC with a linear acetonitrile gradient in a
triethylamine acetate buffer.
The APE1 Asp148Glu polymorphism was
determined using a 5’-nuclease assay with allelespecific TaqMan probes including 148Asp probe
(5’-VIC-AATTCTGTTTCATTTCTATAGGCGAGGAG
GAGCATGATCAGGAAGGCCGGG-TAMRA-3’) and
148Glu probe (5’-FAM-AATTCTGTTTCATTTCTATAGGCGA
TGAGGAGCATGATCAGGAAGGCCGGG-TAMRA-3’).
TaqMan SNP genotyping assay kits were purchased
from Applied Biosystems (Foster City, CA, United
States). Genotyping was performed using an allelic
discrimination assay in the ABI 7500 FAST Real-Time
PCR system (Applied Biosystems), and genotypes were
distinguished using automated ABI 7500 software
v2.0 (Applied Biosystems). Reactions were run in 10
µL volumes by using an amplification protocol with an

Questionnaire

Trained nurses conducted standardized interviews of all
participants in the hospital. Data on socio-demographic
characteristics and risk factors for CRC, namely
physical activity in the past year, cigarette smoking
history, alcohol and coffee use, medical history,
and food intake 5 years preceding the interview,
were obtained from a structured questionnaire;
simultaneously 10 mL of venous blood was collected.

Genotyping Assays

Genotyping assays for examining OGG1 Ser326Cys
and 11657A/G polymorphisms were performed on the
genomic DNA extracted from the buffy coat by using
the template-directed dye-terminator incorporation
[31]
assay with fluorescence polarization detection .
DNA was amplified in a 10-µl final volume containing
2 pmol/L of each primer, 25 ng of genomic DNA, 10
mmol/L of MgCl2, 2.5 mmol/L of dNTPs, and 0.5 U of
Taq DNA polymerase (Roche, Mannheim, Germany)
in the buffer provided by the manufacturer. PCR
reactions were performed in a Mastercycler (Eppendorf,
Hamburg, Germany). The Ser326Cys polymorphism
was amplified using the following primers: forward,
5’-TCCACCTCCCAACACTGTCACTA-3’ and reverse,
5’-TCACCTGCTTCCCTACCACT-3’. The PCR program
involved a 2-min denaturing step at 92 ℃, 10 cycles
of 10 s at 92 ℃, 20 s at 62 ℃, and 30 s at 68 ℃, and
followed by 30 cycles of 10 s at 92 ℃, 20 s at 60 ℃,
and 30 s at 68 ℃. The 11657A/G polymorphism
was amplified using the following primers: forward,
5’-GGCAATCAGAGATGGTTAGA-3’, and reverse,
5’-TGGCATTAAATCAAGCACTA-3’. The PCR program
involved a 5-min denaturing step at 94 ℃ followed by
35 cycles of 30 s at 94 ℃, 45 s at 58 ℃, and 60 s at
72 ℃.
After amplification, the residual primers and dNTPs
were degraded in a 10 µl final volume of 1 U of shrimp
alkaline phosphatase (Roche) and 1 U of exonuclease
I (USB, Cleveland, Oh, United States) for 45 min
at 37 ℃, followed by 15 min at 95 ℃ for enzymes
inactivations.
The template-directed dye-terminator incorporation
TM
assay was performed using the AcycloPrime -FP
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those expected in Hardy-Weinberg equilibrium. We
used unconditional logistic regression for estimating
the OR and 95%CI with the factors (age and sex)
[32]
matched in the model . Stratified analyses were
conducted for evaluating the differences between sex,
age at diagnosis (≤ 60 and > 60 years old), tumor
subsites (colon and rectum), and tumor stages (stage
0 + Ⅰ + Ⅱ and Ⅲ + Ⅳ). Haplotype frequencies were
estimated on the basis of a Bayesian algorithm by
using PHASE 2.1. All analyses were performed using
the SAS statistical package (Version 9.2 for Windows;
SAS Institute, Inc., Cary, NC, United States) and all
statistical tests were two-sided. The powers were
estimated using Quanto.

Table 1 Age, sex, and genotype frequencies of the cases and
controls n (%)
Variable
Age (mean ± SD), yr
Gender
Male
Female
Colon/rectum, n
OGG1 Ser326Cys
Ser/Ser
Ser/Cys
Cys/Cys
Missing
OGG1 11657A/G
A/A
A/G
G/G
Missing
OGG1 Arg154His
Arg/Arg
Arg/His
His/His
Missing
APE1 Asp148Glu
Asp/Asp
Asp/Glu
Glu/Glu
Missing
APE1 T-656G
T/T
T/G
G/G
Missing

Cases

Controls

n = 727

n = 736

60.3 ± 12.8

60.7 ± 13.0

410 (56.4)
317 (43.6)
352/375

409 (55.6)
327 (44.4)

93 (13.0)
363 (50.8)
258 (36.1)
13

125 (17.1)
324 (44.4)
281 (38.5)
6

648 (91.9)
55 (7.8)
2 (0.3)
22

654 (90.1)
72 (9.9)
0 (0.0)
10

P value1
0.639
0.751

0.021

0.318

RESULTS
Age, sex, and OGG1 and APE1 genotypes of all
participants are summarized in Table 1. Patients with
CRC had a mean age of 60.3 years, and 410 (56.4%)
males and 352 (48.4%) experienced colon cancer.
The mean age and sex distribution was comparable
between the patients with CRC and controls. The
variant allelic frequencies for OGG1 Ser326Cys, OGG1
11657A/G, OGG1 Arg154His, APE1 Asp148Glu, and
APE1 T-656G among the controls were, 60.7%, 5.0%,
0.14%, 40.9%, and 45.1%, respectively. All genotype
frequencies were in Hardy-Weinberg equilibrium. The
distribution of the OGG1 Ser326Cys genotype was
significantly different between the patients and controls
(P = 0.021). However, other genotypic distributions
did not significantly differ among the patients and
controls. Because of the low frequency of sequence
variants of OGG1 Arg154His (His allele, 0.14%), this
polymorphism was excluded from further analyses.
Table 2 shows the CRC risks associated with OGG1
and APE1 polymorphisms. Compared with the Ser/
Ser genotype, the OGG1 Ser326Cys heterozygous
genotype was significantly associated with the CRC
risk (OR = 1.51; 95%CI: 1.11-2.05, P = 0.009).
However, other OGG1 Ser326Cys genotypes were not
associated with the CRC risk. The CRC risks associated
with the heterozygous or homozygous genotypes of all
the studied polymorphisms were similar; therefore, we
used dominant models for determining the effects of
polymorphisms on the CRC risk. Carriers of the OGG1
326Cys allele exhibited a significantly increased CRC
risk (OR = 1.38; 95%CI: 1.03-1.85, P = 0.030). No
significant associations were observed between other
variant alleles and the CRC risk. The dominant genetic
models of the studied polymorphisms were used for
further stratification analysis.
Stratified analyses by sex, age at diagnosis, tumor
subsites, and stage for the CRC risk associated with
the OGG1 polymorphisms are shown in Table 3. Data
stratified by the tumor stage demonstrated that compared
with the Ser/Ser genotype, the OGG1 Ser326Cys Ser/Cys
+ Cys/Cys genotype was associated with an increased

0.158
720 (100.0)
0 (0.0)
0 (0.0)
7

720 (99.7)
2 (0.3)
0 (0.0)
14

236 (33.0)
349 (48.8)
130 (18.2)
12

249 (34.3)
361 (49.7)
117 (16.1)
9

217 (30.1)
368 (51.0)
136 (18.9)
6

211 (28.9)
380 (52.0)
140 (19.2)
5

0.567

0.876

1

Continuous variables were tested by Student’s t-test, and categorical
variables were tested by χ 2 or Mantel-Haenszel χ 2 test.

initial denaturation step of 60 ℃ for 1 min and 95 ℃
for 10 min followed by 40 cycles of 95 ℃ for 15 s and
60 ℃ for 1 min.
The genotyping method for assessing the APE1
T-656G polymorphism was modified from a previously
reported method using a high resolution melting assay
in the ABI 7500 FAST Real-Time PCR system (Applied
Biosystems). Genotypes were distinguished using
automated High Resolution Melting software v2.0.
Forward (5’-CACAGCACATTGTGTGACACTGA-3’) and
reverse (5’-AGCCCTCTCCACTGTTTTTTTCC-3’) primers
used for the PCR reactions were run in 20 µl volumes
by using an amplification protocol with a holding step
of 95 ℃ for 10 min followed by 36 cycles of 95 ℃ for
15 s and 60 ℃ for 20 s. The melting curve stage was
maintained at 95 ℃ for 15 s, 50 ℃ for 1 min, 95 ℃ for
15 s, and 60 ℃ for 15 s.

Statistical analysis

We compared the different distributions for each
categorical variable measured using the chi-squared
test, and continuous variables were measured
using the Student’s t-test. Allelic frequencies were
2
examined using the χ test for concordance with
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DISCUSSION

Table 2 Distribution of OGG1 and APE1 polymorphisms
between cases and controls n (%)
Genotype
OGG1 Ser326Cys
Ser/Ser
Ser/Cys
Cys/Cys
Ser/Cys + Cys/Cys
OGG1 11657A/G
A/A
A/G
G/G
A/G + G/G
APE1 Asp148Glu
Asp/Asp
Asp/Glu
Glu/Glu
Asp/Glu + Glu/Glu
APE1 T-656G
T/T
T/G
G/G
T/G + G/G

1

Cases

Controls

OR (95%CI)

P value

93 (13.0)
363 (50.8)
258 (36.1)
621 (87.0)

125 (17.1)
324 (44.4)
281 (38.5)
605 (82.9)

1.00 (ref)
1.51 (1.11-2.05)
1.23 (0.90-1.69)
1.38 (1.03-1.85)

0.009
0.198
0.030

648 (91.9) 654 (90.1)
55 (7.8)
72 (9.9)
2 (0.3)
0 (0.0)
57 (8.1)
72 (9.9)

1.00 (ref)
0.77 (0.53-1.12)
0.80 (0.56-1.15)

236 (33.0)
349 (48.8)
130 (18.2)
479 (67.0)

249 (34.3)
361 (49.7)
117 (16.1)
478 (65.8)

1.00 (ref)
1.02 (0.81-1.29)
1.17 (0.86-1.60)
1.06 (0.85-1.32)

0.864
0.308
0.615

217 (30.1)
368 (51.0)
136 (18.9)
504 (69.9)

211 (28.9)
380 (52.0)
140 (19.2)
520 (71.1)

1.00 (ref)
0.94 (0.74-1.20)
0.95 (0.70-1.28)
0.95 (0.75-1.18)

0.630
0.731
0.621

We observed a significant association between the
OGG1 Ser326Cys polymorphism and CRC risk. The
Ser/Cys + Cys/Cys genotypes were associated with an
increased CRC risk. Furthermore, this harmful effect
of the 326Cys allele was more marked in patients with
late-stage (Ⅲ + Ⅳ ) CRC. Conversely, carrying the
OGG1 111657G allele was beneficial for patients with
early stage (0 + Ⅰ + Ⅱ) CRC. In addition, the CRC risk
was high in females carrying the APE1 148Glu allele
(Asp/Glu + Glu/Glu) or the 148Glu/-656G haplotype.
No significant associations were observed between the
APE1 T-656G polymorphism and CRC risk.
OGG1 is a crucial DNA-repair gene involved in the
BER pathway that can recognize and excise several
[5]
lesions from the damaged DNA . Mutations that alter
the amino acid sequence affect the association of
OGG1 with other proteins, resulting in different DNA[10,13,24]
[10]
repair activities
. Obtulowicz et al reported that
the OGG1 repair capacity reduces with an increases in
[13]
the Cys allele. Hill et al
observed that the 326Cys
allele excised 8-oxoG from a duplex DNA and cleaved
abasic sites 2- to 6-fold lower rates than did the
326Ser allele. Therefore, patients with the OGG1
326Cys allele have a lower DNA-repair activity and
might be at a higher risk of cancer.
Our results are consistent with those of previous
studies that reported a positive association between
[12,33]
the OGG1 326Cys allele and CRC risk
. Moreno
[12]
et al
observed that the OGG1 326Cys allele was
associated with an increased risk of CRC (OR = 2.3;
[33]
95%CI: 1.1-5.0). Kim et al
demonstrated that
the OR for colon cancer with frequent meat intake
increased from 1.72 to 4.31 in carriers of the Cys/Cys
genotype, whereas it was not increased in those of the
Ser/Ser or Ser/Cys genotype. However, no significant
association has been reported between the Ser326Cys
[5,34]
polymorphism and CRC risk
.
Functional studies have suggested that the APE1
148Glu allele altered endonuclease and DNA-binding
activity, reduced the ability to communicate with
other BER proteins, and increased mitotic delay after
[35,36]
exposure to ionizing radiation
. Studies have also
reported that the APE1 -656G allele influenced the
transcriptional activity, thus resulting in lung cancer
[18,37]
risk
. Although we did not observe any significant
independent associations between other DNA-repair
genes and CRC risk, the risk slightly increased for
the APE1 148Glu allele and decreased for the OGG1
11657G and APE1 -656G alleles. Our findings were
not completely consistent with those of some previous
[25]
reports. Kasahara et al
reported that the APE1
148Glu allele significantly increased the CRC risk (OR
[20]
= 2.33; 95%CI: 1.21-4.48). Zhou et al
evaluated
37 case-control studies and observed that the cancer
risk was significantly low in participants with the APE1
[23]
[12]
-656G allele. However, Li et al
and Moreno et al
have reported that the APE1 Asp148Glu polymorphism

0.168
0.230

1

ORs and 95%CIs were estimated from unconditional logistic regressions
after controlling for age and sex.

risk of CRC in patients with stage Ⅲ + Ⅳ tumors (OR
= 1.48; 95%CI: 1.03-2.13). Conversely, the OGG1
11657A/G A/G + G/G genotype was associated with
a decreased risk of CRC in patients with stage 0 +Ⅰ+
Ⅱ tumors (OR = 0.59; 95%CI: 0.35-0.98). However,
the OGG1 polymorphisms associated with the CRC risk
were not significantly modified by sex, age at diagnosis,
and tumor subsite.
Table 4 presents the results of a similar stratification
analysis for APE1 polymorphisms. Among females,
compared with genotypes containing the Asp/Asp
genotype, those containing the APE1 148Glu allele
(Asp/Glu + Glu/Glu) were associated with an increased
CRC risk (OR = 1.41, 95%CI: 1.02-1.96). However,
this sex-specific CRC risk was not observed for the
APE1 T-656G polymorphism. In addition, no APE1
polymorphism was significantly associated with the
CRC risk among subgroups of age at diagnosis, tumor
subsite, and tumor stage.
To assess the combined influence of these polymor
phisms, we conducted haplotype analysis for OGG1
Ser326 and 111657A/G as well as for APE1 Asp148Glu
and T-656G (Table 5). Linkage analysis between each
pairwise combination revealed significantly weak
2
linkage disequilibrium (all P < 0.001). The r values
for the Ser326 and 111657A/G pair and Asp148Glu
and T-656G pair were 0.06 and 0.04, respectively.
Compared with the most common Asp/T haplotype in
females, the APE1 Glu/G haplotype was significantly
associated with the CRC risk (OR = 1.36; 95%CI:
1.03-1.78). No significant associations were observed
for the OGG1 haplotypes and CRC risk (data not
shown).
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Table 3 Odds ratio and 95%CI of two OGG1 single nucleotide polymorphisms for colorectal cancer stratified by sex, age at
diagnosis, and tumor site and stage
OGG1 Ser326Cys
Ser/Ser
1

Gender
Male
Female
Age at diagnosis (yr)
≤ 60
> 60
Tumor site
Colon
Rectum
Stage
0, Ⅰ, Ⅱ
Ⅲ, Ⅳ

OGG1 11657A/G

Ser/Cys + Cys/Cys
2

1

A/A
2

1

A/G + G/G
2

1

2

No.

OR (95%CI)

No.

OR (95%CI)

No.

OR (95%CI)

No.

OR (95%CI)

50/67
43/58

1.00 (ref)
1.00 (ref)

350/340
271/265

1.38 (0.93-2.05)
1.38 (0.90-2.12)

364/358
284/296

1.00 (ref)
1.00 (ref)

31/47
26/25

0.65 (0.40-1.05)
1.09 (0.61-1.93)

44/54
49/71

1.00 (ref)
1.00 (ref)

275/264
346/341

1.28 (0.83-1.97)
1.47 (0.99-2.17)

292/283
356/371

1.00 (ref)
1.00 (ref)

23/32
34/40

0.70 (0.40-1.22)
0.89 (0.55-1.43)

45/125
48/125

1.00 (ref)
1.00 (ref)

299/605
322/605

1.39 (0.96-2.01)
1.39 (0.97-1.99)

316/654
332/654

1.00 (ref)
1.00 (ref)

23/72
34/72

0.67 (0.41-1.09)
0.93 (0.61-1.43)

46/125
47/125

1.00 (ref)
1.00 (ref)

283/605
338/605

1.28 (0.88-1.84)
1.48 (1.03-2.13)a

307/654
341/654

1.00 (ref)
1.00 (ref)

20/72
37/72

0.59 (0.35-0.98)a
0.99 (0.65-1.51)

1

Number of cases/number of controls; 2Adjustment for age and sex (except in gender stratification, where only sex was adjusted for). The aP < 0.05 is the
comparison between CRC patients in stage 0, Ⅰ, Ⅱ and controls in calculating OR for A/G + G/G genotype vs A/A genotype.

Table 4 Odds ratio and 95%CI of two APE1 single nucleotide polymorphisms for colorectal cancer stratified by sex, age at
diagnosis, and tumor site and stage
APE1 Asp148Glu
Asp/Asp
1

Gender
Male
Female
Age at diagnosis (yr)
≤ 60
> 60
Tumor site
Colon
Rectum
Stage
0, Ⅰ, Ⅱ
Ⅲ, Ⅳ

APE1 T-656G

Asp/Glu + Glu/Glu
2

1

No.

OR (95%CI)

No.

137/122
99/127

1.00 (ref)
1.00 (ref)

264/283
215/195

105/110
131/139

1.00 (ref)
1.00 (ref)

114/249
122/249
106/249
130/249

T/T
2

OR (95%CI)

1

T/G + G/G
2

1

2

No.

OR (95%CI)

No.

OR (95%CI)

0.83 (0.62-1.12)
1.41 (1.02-1.96)a

128/111
89/100

1.00 (ref)
1.00 (ref)

277/296
227/224

0.81 (0.60-1.10)
1.14 (0.81-1.60)

213/205
266/273

1.09 (0.78-1.51)
1.03 (0.77-1.38)

108/99
109/112

1.00 (ref)
1.00 (ref)

215/219
289/301

0.90 (0.65-1.26)
0.99 (0.73-1.35)

1.00 (ref)
1.00 (ref)

231/478
248/478

1.06 (0.81-1.40)
1.05 (0.81-1.38)

105/211
112/211

1.00 (ref)
1.00 (ref)

244/520
260/520

0.94 (0.71-1.25)
0.95 (0.72-1.24)

1.00 (ref)
1.00 (ref)

226/478
253/478

1.11 (0.84-1.47)
1.02 (0.79-1.33)

107/211
110/211

1.00 (ref)
1.00 (ref)

226/520
278/520

0.85 (0.64-1.12)
1.03 (0.79-1.36)

1

Number of cases/number of controls; 2Adjustment for age and sex (except in gender stratification, where only sex was adjusted for). The aP < 0.05 is the
comparison between CRC cases and controls among female in calculating OR for Asp/Glu + Glu/Glu genotype vs Asp/Asp genotype.

was unassociated with CRC.
We observed that the OGG1 Ser326Cys polymor
phism was significantly associated with an increased
risk of CRC in patients with stage Ⅲ + Ⅳ tumors,
whereas the OGG1 11657A/G polymorphism was
associated with a decreased risk of CRC in patients
with stage 0 + Ⅰ + Ⅱ tumors. This finding suggests
that the OGG1 11657A/G polymorphism contributed
to tumor initiation and that the OGG1 Ser326Cys
polymorphism may play a role in tumor progression.
The exact mechanism underlying specific OGG1
polymorphisms involved in different tumor stages
remains unclear. Further studies are required to
delineate the association.
Similar to the findings of earlier studies, our
investigation demonstrated no association between the
OGG1 polymorphisms and CRC risk stratified by sex
[38]
[25]
and tumor sites. Pardini et al
and Kasahara et al
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have shown that the OGG1 Ser326Cys polymorphism
was not significantly associated with colon or rectal
cancer, respectively. Our study was the first to evaluate
the sex-specific risk of CRC associated with the OGG1
polymorphisms, but no significant association was
[12]
observed. Moreno et al
observed that the increased
CRC risk associated with the 326Cys allele was marked
among younger participants, but our study failed to
find such an association.
We observed an elevated CRC risk associated
with the APE1 148Glu allele in females, which was
inconsistent with results of previous studies. Pardini et
[38]
al reported that compared with the Asp/Asp genotype,
the Asp/Glu + Glu/Glu genotype was unassociated
with the CRC risk. By contrast, they observed that the
Asp/Asp genotype was associated with an increased
risk of colon cancer (OR = 1.50; 95%CI: 1.01-2.22).
In a study of a Japanese population, the APE1 Glu allele
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Table 5 Odds ratio and 95%CI of APE1 haplotypes for colorectal cancer stratified by sex, age at diagnosis, and tumor site and
stage
APE1 Asp148Glu/T-656G
Asp/T
Ca/Co (%)
All
Gender
Male
Female
Age at diagnosis (yr)
≤ 60
> 60
Tumor site
Colon
Rectum
Stage
0, Ⅰ, Ⅱ
Ⅲ, Ⅳ

1

Asp/G
2

OR (95%CI)

Ca/Co (%)

41.1/41.5

1.00 (ref)

42.5/40.0
39.3/44.6

1

Glu/T
2

OR (95%CI)

Ca/Co (%)

16.3/17.7

0.93 (0.75-1.15)

1.00 (ref)
1.00 (ref)

16.0/16.8
16.7/18.9

42.1/42.7
40.3/40.5

1.00 (ref)
1.00 (ref)

40.4/41.5
41.7/41.5
41.1/41.5
41.1/41.5

1

Glu/G
2

1

2

OR (95%CI)

Ca/Co (%)

OR (95%CI)

14.5/13.4

1.09 (0.87-1.37)

28.1/27.5

1.03 (0.86-1.24)

0.87 (0.66-1.16)
1.00 (0.73-1.36)

14.5/14.6
14.5/11.8

0.91 (0.67-1.22)
1.39 (0.98-1.97)

27.1/29.7
29.5/24.7

0.84 (0.66-1.06)
1.36 (1.03-1.78)a

17.1/17.2
15.6/18.1

1.01 (0.74-1.38)
0.87 (0.65-1.15)

15.7/14.8
13.5/12.3

1.08 (0.77-1.50)
1.10 (0.81-1.50)

25.0/25.3
30.6/29.1

1.00 (0.76-1.32)
1.06 (0.84-1.34)

1.00 (ref)
1.00 (ref)

16.7/17.7
16.0/17.7

0.96 (0.74-1.25)
0.90 (0.69-1.16)

15.5/13.4
13.5/13.4

1.20 (0.91-1.58)
0.99 (0.75-1.31)

27.4/27.5
28.8/27.5

1.03 (0.82-1.28)
1.04 (0.84-1.29)

1.00 (ref)
1.00 (ref)

15.8/17.7
16.7/17.7

0.90 (0.69-1.17)
0.95 (0.74-1.23)

14.9/13.4
14.1/13.4

1.14 (0.86-1.51)
1.06 (0.81-1.39)

28.2/27.5
28.1/27.5

1.02 (0.82-1.28)
1.04 (0.84-1.29)

Percentage of cases/percentage of controls; 2Adjustment for age and sex (except in gender stratification, where only sex was adjusted for). The aP < 0.05 is
the comparison between CRC cases and controls among female in calculating OR for Glu/G haplotype vs Asp/T haplotype.
1

carriers exhibited a significantly increased risk of colon
[25]
[23]
cancer (OR = 3.04; 95%CI: 1.38-671) . Li et al
observed that the APE1 Asp148Glu polymorphism was
unassociated with CRC even when stratified by sex,
age at diagnosis, and tumor site. A meta-analysis of 27
case-control studies showed that the APE1 Glu allele
was associated with an increased CRC risk (OR = 1.23;
95%CI: 1.05-1.43) but not in the Asian population (OR
[39]
= 1.03; 95%CI: 0.92-1.16) . Furthermore, we also
observed that the APE1 148Glu/-656G haplotype was
associated with a significantly increased risk of CRC in
females, which is inconsistent with a previous report.
[28]
Pan et al observed that carriers of the APE1 148Asp/656T haplotype were at a higher risk of lung cancer
than those of the 148Glu/-656G haplotype. The exact
mechanism underlying this sex-specific risk of CRC
associated with the APE1 Asp148Glu polymorphism or
Asp148Glu/T-656G haplotype remain unclear.
Our study has potential limitations. First, we did not
examine OGG1 or APE1 mRNA expression levels nor
did we measure the 8-oxoG levels for analyzing their
correlations. Second, the case-control study design has
inherent limitations. The controls are hospital based,
but we consider that the genotype of DNA-repair
genes do not affect the possibility of a participant being
selected. The small sample size is another limitation.
The power to detect a significant CRC risk for the OGG1
326Cys carriers (OR = 1.38) is approximately 60%.
Therefore, an additional larger study is necessary to
clarify the causality.
In conclusion, we reported a significant association
between OGG1 and APE1 polymorphisms and the
CRC risk in the Taiwanese population, particularly
in patients with OGG1 Ser326Cys in stage Ⅲ + Ⅳ
tumors, OGG1 11657A/G in stage 0 + Ⅰ + Ⅱ tumors,
and APE1 Asp148Glu in females. Our results suggest
that genetic variants in the DNA-repair pathway genes
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modulate the risk of sporadic CRC in this population;
however, additional studies are required for verifying
the findings.
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The expression of the base excision repair (BER) gene family is activated
by internal oxidative stress and DNA damage. The BER pathway involves
8-oxoguanine glycosylase 1 (OGG1) and apurinic-apyrimidinic endonuclease 1
(APE1).

Research frontiers

Molecular epidemiological studies have suggested that polymorphisms in
DNA repair pathways affect the DNA repair capacity to renovate the damaged
DNA and may predispose participants to CRC risk. Studies have shown that
polymorphisms of OGG1 (Ser326Cys, 11657A/G, and Arg154His) and APE1
(Asp148Glu, and T-656G) were associated with enzyme activities. However, the
results are controversial.

Innovations and breakthroughs

This research recruited 727 cases with newly diagnosed colorectal
adenocarcinoma and 736 age- and sex-matched healthy controls from a
medical center in Taiwan. The authors not only confirmed the association
of OGG1 and APE1 polymorphisms with the CRC risk but also suggest that
genetic variants in DNA-repair pathway genes modulate the risk of sporadic
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Abstract

Institutional review board statement: This study was
approved by the Institutional Review Board of Kinki University
Faculty of Medicine.

AIM: To assess the usefulness of contrast-enhanced
harmonic endoscopic ultrasonography (CH-EUS) for
lymph node metastasis in pancreatobiliary carcinoma.

Informed consent statement: All patients provided informed
consent with regard to the procedures and participation in the study.

METHODS: All patients suspected of pancreatobiliary
carcinoma with visible lymph nodes after standard EUS
between June, 2009 and January, 2012 were enrolled.
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In the primary analysis, patients with successful EUSfine needle aspiration (FNA) were included. The lymph
nodes were assessed by several standard EUS variables
(short and long axis lengths, shape, edge characteristic
and echogenicity), color Doppler EUS variable [central
intranodal blood vessel (CIV) presence] and CH-EUS
variable (heterogeneous/homogeneous enhancement
patterns). The diagnostic accuracy relative to EUSFNA was calculated. In the second analysis, N-stage
diagnostic accuracy of CH-EUS was compared with
EUS-FNA in patients who underwent surgical resection.
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INTRODUCTION
Accurate staging by using the tumor, node and
metastasis (TNM) classification system is the most
important variable for determining the optimal
treatment of pancreatobiliary carcinomas. In particular,
since the lymph node stage relates not only to the
choice of treatment but also to the prognosis, it is
essential that the techniques used for N-staging are
[1,2]
reliable . However, diagnosis of malignant intraabdominal lymph nodes is often challenging for endo
[3]
scopists and radiologists . Several studies report that
although endoscopic ultrasonography (EUS) (which
has good spatial resolution) is useful for the differential
diagnosis of malignant and benign lymph nodes, its
[4-6]
diagnostic accuracy remains unsatisfactory
. By
contrast, a cyto-pathological diagnosis via EUS-fine
needle aspiration (FNA) is highly accurate. However, an
[7]
accurate noninvasive evaluating method is needed
for cases in which a lymph node cannot be accessed
for EUS-FNA or EUS-FNA does not obtain adequate
[8]
material for analysis . In addition, noninvasive
methods could facilitate EUS-FNA by identifying the
target lymph node for EUS-FNA, namely, the lymph
node that is most suspicious of malignancy and whose
sampling will shape treatment decisions. One such
noninvasive evaluation method is vascular imaging.
Although color Doppler imaging can evaluate the
vasculature in lymph nodes, it has several limitations,
including blooming, overpainting and motion artifacts.
It is also difficult to evaluate perfusion by using color
Doppler imaging. This problem was recently overcome
by a revolution in US technology, namely, the invention
of US contrast agents that, when combined with
contrast harmonic imaging, make it possible to depict
[9]
the microvasculature in real time . Recently, EUS was
equipped with this novel perfusion imaging technique,
thus yielding contrast-enhanced harmonic EUS (CH[10,11]
EUS)
.
In the present study, the diagnostic accuracy for
differentiating malignant from benign lymph nodes of
standard EUS, color Doppler EUS, and CH-EUS relative
to EUS-FNA was assessed. For this, all patients with
standard EUS-detected pancreatobiliary carcinomas
with apparently visible intra-abdominal lymph nodes
who underwent all four procedures during the study
period were recruited prospectively and followed
up. The CH-EUS variable that was analyzed was the
detection of the microvasculature in visible lymph
node(s); this was expressed as heterogeneous/
homogeneous enhancement. A secondary objective of
the present study was to assess the N-stage diagnostic
accuracy of CH-EUS and EUS-FNA in patients who

RESULTS: One hundred and nine patients (143
lymph nodes) fulfilled the criteria. The short axis cutoff ≥ 13 mm predicted malignancy with a sensitivity
and specificity of 72% and 85%, respectively. These
values were 72% and 63% for the long axis cut-off ≥
20 mm, 62% and 75% for the round shape variable,
81% and 30% for the sharp edge variable, 66% and
61% for the hypoechogenicity variable, 70% and 72%
for the CIV-absent variable, and 83% and 91% for
the heterogeneous CH-EUS-enhancement variable,
respectively. CH-EUS was more accurate than standard
and color Doppler EUS, except the short axis cut-off.
Notably, three patients excluded because of EUS-FNA
failure were correctly N-staged by CH-EUS.
CONCLUSION: CH-EUS complements standard and
color Doppler EUS and EUS-FNA for assessment of lymph
node metastases.
Key words: Contrast-enhanced harmonic endoscopic
ultrasonography; Sensitivity and specificity; Lymph node;
Pancreatobiliary carcinoma; Endoscopic ultrasonographyfine needle aspiration
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Diagnosis of malignant intra-abdominal
lymph nodes is often challenging for endoscopists
and radiologists. In the present study, the diagnostic
accuracy for differentiating malignant from benign
lymph nodes of standard endoscopic ultrasonography
(EUS), color Doppler EUS, and contrast-enhanced
harmonic (CH)-EUS relative to EUS-fine needle
aspiration (FNA) was assessed. A secondary objective
of the present study was to assess the N-stage
diagnostic accuracy of CH-EUS and EUS-FNA in patients
who underwent surgical resection. In conclusion,
CH-EUS was more accurate than standard and color
Doppler EUS, except the short axis cut-off. Notably,
three patients excluded because of EUS-FNA failure
were correctly N-staged by CH-EUS.
Miyata T, Kitano M, Omoto S, Kadosaka K, Kamata K, Imai
H, Sakamoto H, Nisida N, Harwani Y, Murakami T, Takeyama
Y, Chiba Y, Kudo M. Contrast-enhanced harmonic endoscopic
ultrasonography for assessment of lymph node metastases
in pancreatobiliary carcinoma. World J Gastroenterol 2016;
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[12]

underwent surgical resection.

of 2-3 μm . Sonazoid was reconstituted with 2 mL of
sterile water for injection. A dose of 0.015 mL/kg body
weight was used.

MATERIALS AND METHODS
Patients and study design

Standard EUS, color Doppler EUS and CH-EUS

All consecutive patients who were suspected of
having pancreatobiliary diseases due to CT, MRI, or
transabdominal US results and who then underwent
standard EUS between June, 2009 and January,
2012 in a tertiary care referral center in Japan were
recruited prospectively (Figure 1). All patients also
underwent color Doppler EUS, CH-EUS, and EUS-FNA
immediately after the standard EUS procedure. The
primary objective of this study was to compare the
diagnostic accuracy of standard EUS, color Doppler
EUS and CH-EUS in terms of the ability to differentiate
malignant nodes from benign nodes. For this primary
retrospective analysis, only the patients from whom
adequate and accurate EUS-FNA samples were
retrieved and who were followed up for at least 12 mo
after the standard EUS were included. The patients
where a diagnosis was obtained by specimen histology
rather than EUS-FNA because of EUS-FNA failure
(sample inadequacy or lymph node inaccessibility)
were excluded from this analysis because it was
sometimes difficult to ensure that the lymph nodes
harvested from surgical specimens were the same as
those that were identified by imaging.
The study also had a secondary aim, namely, to
compare the accuracy of CH-EUS and EUS-FNA in
terms of N-stage diagnosis in all of the patients in the
original cohort who underwent surgical resection.
The study was approved by the Institutional Review
Board of Kinki University Faculty of Medicine. All
patients provided informed consent with regard to the
procedures and participation in the study.

During the EUS analyses, the patients were sedated
by midazolam and propofol. Standard EUS, color
Doppler EUS, and CH-EUS were performed by two
endosonographers (Kitano M and Sakamoto H). One
was responsible for the endoscopic manipulation and
scanning and the other for operating the US image
scanner. Both endosonographers (who were qualified
by the Japan Gastroenterological Endoscopy Society)
have had experience with CH-EUS for more than 10
years: both have performed more than 1000 CHEUS procedures. Each examination was performed by
using the same protocol. Thus, after a pancreatobiliary
carcinoma was observed, the trans-gastric or transduodenal approach was used to search for intraabdominal lymph node(s). If an apparently visible
lymph node was detected, standard EUS was used to
evaluate the size (i.e., the short and long axis lengths),
shape (round or oval), edge characteristics (sharp or
fuzzy), and echogenicity (hypo or hyper) of the lymph
node. Thereafter, the imaging modality was changed
to color Doppler EUS, which was used to determine
whether a central intranodal blood vessel (CIV) was
present in the lymph node.
Subsequently, the specific mode for CH-EUS
(extended pure harmonic detection mode) was selected
and a bolus injection of Sonazoid was administered at
a speed of 1 mL/s through a 22-gauge cannula that
was placed in the antecubital vein. This was followed
by a 10-mL saline solution flush to ensure that all
contrast was administered into the circulation system.
If there were multiple apparently visible lymph nodes,
each was separately assessed by injecting US contrast
agent, performing CH-EUS, and then conducting
EUS-FNA. These multiple CH-EUS procedures were
performed at intervals of at least 10 min, which was
found to be sufficient for the US contrast from the
preceding CH-EUS procedure to be washed out from
all lymph nodes. All movie clips were stored on the
hard disk of the scanner for offline analysis.

Equipment

An echoendoscope developed for CH-EUS (Olympus
GF-UCT260; Olympus Medical Systems, Tokyo, Japan)
was used. An ALOKA ProSound SSD α-10 (Aloka Co
Ltd, Tokyo, Japan) was used for US imaging. For CHEUS, the extended pure harmonic detection mode was
used. This mode selectively depicts signals from the
microbubbles by simultaneously filtering the harmonic
component and synthesizing the phase-shift signals.
The preset variables were established for EUS and
[10,11]
CH-EUS previously
. The transmitting frequency
and mechanical indices were set at 4.7 MHz and 0.3,
respectively. The frame rate was set at 10-15 frame
per second. The focus point was set at the distal
portion of the target lymph node.

Image analyses

All standard EUS, color Doppler EUS and CH-EUS
variables were measured independently in a blinded
fashion by two readers (Kudo M and Imai H). Both
have had experience with CH-EUS for more than 8
years: both have read the data of more than 500 CHEUS procedures. The two readers evaluated the movie
clips of the lymph nodes. They were told that the
movie clips that they were evaluating were standard
EUS/color Doppler/CH-EUS analyses of lymph
nodes. However, they were blinded to all CT, MRI,
transabdominal US, and standard EUS findings of the
primary lesions.

US contrast

Sonazoid (Daiichi-Sankyo, Tokyo, Japan; GE Healthcare,
Milwaukee, Wis) was used as the US contrast agent.
This second generation US contrast agent is composed
of perfluorobutane microbubbles with a median diameter
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Patients suspected of having pancreatobiliary disease by CT, MRI or transabdominal US (183 pts)
Standard EUS
Detection of pancreatobiliary tumor with visible lymph node

Yes
(109 pts; 143 lns)

No
(74 pts)

Color Doppler EUS, CH-EUS and EUS-FNA of the standard EUS-detected lymph node

Adequate samples
(103 pts; 134 lns)

Inadequate samples (2 pts; 4 lns)
Failure (4 pts; 5 lns)

Adequate samples
(103 pts; 134 lns)

Excluded
(6 pts; 9 lns)

No
(55 pts)

Surgery

Surgery

No
(3 pts)

Excluded
(55 pts)

Yes
(48 pts)

Yes
(3 pts)

Excluded
(3 pts)

Primary analysis

Excluded
(74 pts)

Included
(51 pts)

Secondary analysis

Figure 1 Schematic depiction of patient selection and exclusion criteria. pts: Patients; lns: Lymph nodes. CT: Computed tomography; MRI: Magnetic resonance
imaging; EUS: Endoscopic ultrasonography; FNA: Fine needle aspiration.

1 cm

1 cm

Figure 2 Typical examples of lymph nodes with (A) and without (B) a central intranodal blood vessel on color Doppler enhanced harmonic endoscopic
ultrasonography. An apparently visible lymph node was detected in both A and B (arrowheads). A shows a tubular structure that was ≥ 1 mm in diameter and was
located toward the center of the lymph node and demonstrated blood flow on color Doppler enhanced harmonic endoscopic ultrasonography (arrow).

Receiver-operating characteristics (ROC) analysis
was used to identify the standard EUS-detected short
and long axis cut-off values that would optimize
diagnosis of the lymph nodes. Based on a previous
[13]
report , the readers predicted that the lymph nodes
were malignant if they had a round shape and/or a
sharp edge and/or exhibited hypoechogenicity on
standard EUS. The color Doppler EUS images were
[4]
assessed to determine whether CIV was present .

WJG|www.wjgnet.com

CIV was defined as a tubular structure with a welldefined smooth hyperechoic wall that was ≥ 1 mm in
diameter, located toward the center of the lymph node,
and demonstrated blood flow on color Doppler EUS
[4]
(Figure 2A). Based on a previous report , the readers
predicted that the lymph nodes were malignant if a
CIV was absent (Figure 2B). The CH-EUS images were
assessed to determine the enhancement patterns,
which were classified as being heterogeneous or
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Enhancement patterns
Heterogeneous

Homogeneous

1 cm

Figure 3 Contrast-enhanced harmonic enhanced harmonic endoscopic
ultrasonography -determined enhancement patterns of the lymph node.
[14]

Figure 4 Typical example of a metastatic lymph node that shows
heterogeneous enhancement on contrast-enhanced harmonic enhanced
harmonic endoscopic ultrasonography (left, fundamental B mode; right,
contrast harmonic mode).

[14]

homogenous . Based on a previous report , the
readers predicted that the lymph nodes were malignant
if heterogeneous enhancement was observed (Figures
3 and 4, Video 1).
Both of the blinded readers initially measured
the standard EUS (shape, edge characteristics, and
echogenicity), color Doppler EUS (CIV presence/
absence), and CH-EUS (heterogeneous/homogenous
enhancement pattern) variables separately. Interobserver
agreement between the two readers in terms of
these measurements was assessed by calculating
the κ-coefficient (Supplementary Tables 1-1 to 1-5).
Thereafter, if there were discrepant findings between
the two readers, they reassessed the relevant image(s)
together until an agreement was reached.

ability to differentiate malignant nodes from benign
nodes. The secondary end-point was to compare the
accuracy of CH-EUS and EUS-FNA in terms of N-stage
diagnosis in patients who underwent surgical resection.

Statistical analyses

All data were analyzed by using SAS software version
8.2 (SAS Institute, Cary, NC, United States). Differences
between the EUS methods in terms of malignant lymph
node detection were assessed by using McNemar’s test.
A difference with P < 0.01 was regarded as significant.
This approach was also used to test differences between
benign and malignant lymph nodes in terms of CHEUS enhancement patterns. McNemar’s test was also
used to compare CH-EUS and EUS-FNA in terms of
their N-stage diagnostic accuracy in the patients who
underwent surgical resection.
Interobserver agreement in terms of the EUS
variables described above was also assessed. A
κ coefficient of > 0.8 was considered to indicate
excellent agreement, > 0.6 was considered to indicate
good agreement, and > 0.4 was considered to indicate
moderate agreement. The sensitivity, specificity and
accuracy with which CH-EUS differentiated malignant
from benign lymph nodes were calculated and com
pared to the values of standard and color Doppler
EUS findings (short axis, long axis, shape, edge
characteristics, echogenicity and CIV). The numbers
of cases of discordance are shown in Supplementary
Tables 2-1 to 2-6.

EUS-guided FNA

The final diagnosis was based on histological and/or
cytological analysis of samples obtained by EUS-FNA.
After standard EUS, color Doppler EUS, and CH-EUS of
each lymph node, EUS-FNA was performed with a 22or 25-gauge aspiration needle (Echo Tip Ultra, Cook,
Winston-Salem, NC, United States). Punctures were
repeated until a sample was obtained; the maximum
number of passes was five. A cytopathologist was
present in the endoscopy room for on-site sample
evaluation. After it was confirmed that adequate
numbers of cells had been obtained, the samples were
processed and evaluated in the pathology department
by using Papanicolaou staining for cytology and
hematoxylin-eosin staining for histology. If there were
multiple apparently visible lymph nodes, EUS-FNA was
performed separately on each lymph node: after each
aspiration, the needles were changed.

Histology of resected lymph nodes

RESULTS

The lymph nodes that were surgically resected
after imaging were also assessed by the pathology
department for malignancy. For this, 51 patients were
included (Figure 1).

Patient recruitment

During the study period, 183 patients suspected of
pancreatobiliary disease underwent EUS and were
enrolled prospectively. In 109 patients, EUS detected
a pancreatobiliary carcinoma and one or more
apparently visible intra-abdominal lymph nodes.
The total number of detected lymph nodes was
143. The remaining 74 patients were excluded from

Study design

The primary objective was to compare the diagnostic
accuracy of standard EUS, color Doppler EUS and CHEUS in terms of the primary end-point, which was the

WJG|www.wjgnet.com
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mm or longer predicted malignancy with a sensitivity,
specificity and accuracy of 72% [95% confidence
intervals (CI): 62%-81%)], 85% (95%CI: 79%-90%),
and 81% (95%CI: 73%-86%), respectively (Table 2).
A long axis of 20 mm or longer predicted malignancy
with a sensitivity, specificity and accuracy of 72%
(95%CI: 61%-82%), 63% (95%CI: 57%-68%), and
66% (95%CI: 59%-73%), respectively (Table 2). A
round shape predicted malignancy with a sensitivity,
specificity and accuracy of 62% (95%CI: 51%-72%),
75% (95%CI: 69%-80%), and 70% (95%CI:
62%-77%), respectively (Table 2). A sharp edge
predicted malignancy with a sensitivity, specificity and
accuracy of 81% (95%CI: 71-89%), 30% (95%CI:
24-34%), and 48% (95%CI: 41-53%), respectively
(Table 2). Hypoechogenicity predicted malignancy
with a sensitivity, specificity and accuracy of 66%
(95%CI: 55%-76%), 61% (95%CI: 55%-66%), and
63% (95%CI: 55%-70%), respectively (Table 2).
Interobserver agreement testing revealed good (κ
coefficient: 0.63, P < 0.01), moderate (κ coefficient:
0.49, P < 0.01), and moderate (κ coefficient: 0.47, P
< 0.01) agreement between the two readers in terms
of the shape, edge characteristics, and echogenicity
measurements, respectively (Supplementary Tables
2-1 to 2-3).

Table 1 Characteristics of the patients in the primary analysis
Sex (M:F)
Median age
Median size (long axis × short axis) (mm)
Final diagnosis (n)

68:35
65 (35-82)
18 (8-60) × 9 (4-42)
Pancreatic carcinoma
67
Bile duct carcinoma
21
Gallbladder carcinoma 11
Ampullary carcinoma
4

analysis because a pancreatobiliary carcinoma and/
or apparently visible intra-abdominal lymph nodes
were not detected. All 109 patients with apparently
visible intra-abdominal lymph node(s) in standard EUS
immediately underwent color Doppler EUS, CH-EUS,
and EUS-FNA. In six patients (nine lymph nodes; 6.3%
of the 143 apparently visible lymph nodes detected by
standard EUS), the EUS-FNA samples of lymph nodes
were inadequate (4 lymph nodes from 2 patients) and
failed because the lymph node was in an inaccessible
location (5 lymph nodes from 4 patients) (Figure
1). These patients were excluded from the primary
analysis cohort. Nevertheless, among these 6 patients,
3 patients underwent surgical resection, and were
included in the secondary analysis cohort (Figure 1).
The remaining 103 patients (134 lymph nodes) were
included in the primary analysis cohort (Figure 1).

Color Doppler EUS

Diagnostic accuracy of standard EUS, color Doppler
EUS and CH-EUS in lymph nodes with histological
diagnosis obtained by EUS-FNA (primary analysis)

The absence of a CIV predicted malignancy with
a sensitivity, specificity and accuracy of 70%
(95%CI: 59%-80%), 72% (95%CI: 66%-78%),
and 72% (95%CI: 64%-78%), respectively (Table
2). Interobserver agreement testing revealed good
reproducibility between the two readers in terms of
this measurement (κ coefficient: 0.69, P < 0.01)
(Supplementary Table 2-4).

Table 1 displays the characteristics of these 103
patients for the primary analysis cohort. The male:
female ratio was 68:35 and the median age was 65
(range: 35-82) years. The median long and short
axis lengths of the 134 lymph nodes were 18 (range:
8-60) and 9 (range: 4-42) mm, respectively. The final
diagnoses were pancreatic carcinoma (n = 67), bile
duct carcinoma (n = 21), gallbladder carcinoma (n
= 11), and ampullary carcinoma (n = 4). Standard
EUS, color Doppler EUS and CH-EUS were successfully
performed in all patients and associated adverse
effects were not observed. Of the 134 lymph nodes,
histological and/or cytological analyses of the samples
obtained by EUS-FNA revealed that 47 were malignant
lymph nodes and 87 were reactive lymph nodes.
Adverse effects of EUS-FNA were also not observed.
All 103 patients were followed up for at least 12 mo.
None of the patients who were deemed to have benign
lymph nodes after EUS-FNA and the other tests, and
who did not undergo surgical resection of the nodes,
exhibited any signs of lymph node malignancy during
follow-up, as indicated by twice yearly standard EUS.

Contrast-enhanced harmonic EUS

All 134 lymph nodes yielded high-quality dynamic
images on CH-EUS. Interobserver agreement testing
revealed excellent reproducibility between the
two readers in terms of detecting heterogeneous/
homogeneous enhancement patterns (κ coefficient:
0.81, P < 0.01) (Supplementary Table 2-5).
Table 3 lists the number and frequency of lesions
in the benign and malignant lymph node groups that
had a heterogeneous or homogeneous enhancement
pattern after reassessment of discrepant findings
by the two blinded readers. Of the 47 malignant
lymph nodes, 39 (83%) exhibited heterogeneous
enhancement in which the distorted tumor vessels
could be clearly visualized (Figures 3 and 4, Video 1).
Of the 87 benign lymph nodes, 79 (91%) exhibited
homogeneous enhancement (Figures 3 and 5, Video
2). The benign and malignant lymph node groups
differed significantly in terms of the frequencies of
homogeneous and heterogeneous enhancement (P
< 0.01). When heterogeneous enhancement was
deemed to indicate malignancy and homogeneous

Standard EUS

ROC analyses revealed that a short axis of 13 mm or
longer and a long axis of 20 mm or longer predicted
malignancy with the best sensitivity and specificity
(Supplementary Figures 1 and 2). A short axis of 13
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Table 2 Sensitivity, specificity, and accuracy with which CH-enhanced harmonic endoscopic ultrasonography, color Doppler
enhanced harmonic endoscopic ultrasonography, and the standard enhanced harmonic endoscopic ultrasonography variables
differentiate malignant from benign lymph nodes
Sensitivity (95%CI)

Specificity (95%CI)

Accuracy (95%CI)

P value1

72% (34/47)
(62-81)
72% (34/47)
(61-82)
62% (29/47)
(51-72)
81% (38/47)
(71-89)
66% (31/47)
(55-76)
70% (33/47)
(59-80)
83% (39/47)
(77-89)

85% (74/87)
(79-90)
63% (55/87)
(57-68)
75% (65/87)
(69-80)
30% (26/87)
(24-34)
61% (53/87)
(55-66)
72% (63/87)
(66-78)
91% (79/87)
(86-94)

81% (108/134)
(73-86)
66% (89/134)
(59-73)
70% (94/134)
(62-77)
48% (64/134)
(41-53)
63% (84/134)
(55-70)
72% (96/134)
(64-78)
88% (118/134)
(82-93)

0.27

Short axis 13 mm or longer
Long axis 20 mm or longer
Round shape
Sharp edge
Hypoechogenicity
CIV absent
Heterogeneous (CH-EUS)

0.001
0.008
< 0.001
< 0.001
0.009

1

Compared with contrast-enhanced harmonic endoscopic ultrasonography (CH-EUS), as determined by McNemar’s test. CIV: Central intranodal blood
vessel.

Table 3 Number of lymph nodes in the benign and malignant
groups that exhibited heterogeneous and homogeneous
enhancement on contrast-enhanced harmonic endoscopic
ultrasonography
Number with each enhancement pattern
Final diagnosis
Malignancy
Benign
Total

Heterogeneous
39
8
47

Homogeneous
8
79
87

Total
47
87
134
1 cm

enhancement was deemed to indicate benignity, CHEUS differentiated malignant from benign lymph nodes
with a sensitivity, specificity and accuracy of 83%
(95%CI: 77%-89%), 91% (95%CI: 86%-94%), and
88% (95%CI: 82%-93%), respectively (Table 2).

Figure 5 Typical example of a reactive lymph node that shows
homogeneous enhancement on contrast-enhanced harmonic enhanced
harmonic endoscopic ultrasonography (left, fundamental B mode; right,
contrast harmonic mode).

Comparison of EUS imaging methods

was in an inaccessible location underwent surgical
resection, and were included in the secondary analysis
cohort (Figure 1, Table 4). Thus, the secondary
analysis cohort consisted of 51 patients. Comparison of
the EUS-FNA and CH-EUS findings relative to surgical
specimen histology revealed that six (including failed
due to inadequate sampling and inaccessibility) and
five of the 51 patients were misdiagnosed by EUS-FNA
and CH-EUS, respectively. Thus, EUS-FNA and CH-EUS
diagnosed the N-stage in the patients who underwent
surgical resection with an accuracy of 88% and 90%,
respectively (P = 0.50).
It should be noted that three patients in the
secondary analysis cohort were not included in the
primary analysis cohort because EUS-FNA failed due
to inadequate sampling or inaccessibility of the lymph
nodes. All three patients were correctly N-staged by
CH-EUS. One of these three patients was shown by
standard and color Doppler EUS to have a long axis
of 22 mm, a sharp edge, and to lack a CIV: all of
these features predicted that the lymph node was

CH-EUS diagnosed malignant lymph nodes with a
significantly higher diagnostic accuracy than most
of the standard EUS variables (P = 0.001 vs the
20-mm long axis cut-off, P = 0.008 vs the round
shape variable, P < 0.001 vs the sharp edge variable,
and P < 0.001 vs the hypoechogenicity variable, as
determined by McNemar tests) or the color Doppler
EUS CIV variable (P = 0.009). However, CH-EUS did
not differ significantly from the 13-mm short axis cutoff variable in terms of differentiating malignant from
benign lymph nodes (P = 0.27) (Table 2).

Comparison of CH-EUS and EUS-FNA for N-staging in
the surgically resected patients (secondary analysis)

Of the 109 patients in whom EUS detected a pancreato
biliary carcinoma and one or more apparently visible
intra-abdominal lymph nodes, 48 patients underwent
surgical resection and histological examinations of the
resected lymph nodes (Figure 1). In addition, three
patients whose EUS-FNA samples of lymph nodes were
inadequate or failed EUS-FNA because the lymph node
WJG|www.wjgnet.com
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[4]

by Sawhney et al . Since some small benign lymph
nodes may not exhibit CIV, this may have resulted
in the relatively lower specificity associated with this
variable in our study.
Another alternative method is contrast-enhanced
color Doppler EUS with US contrast agent. Kanamori et
[15]
al reported that defective enhancement on contrastenhanced color Doppler EUS using the first generation
US contrast agent Levovist, (Nihon Schering Co.,
Ltd., Tokyo, Japan) predicted lymph node malignancy
significantly more accurately than standard EUS
[8]
variables. Hocke et al also reported that that an
irregular appearance of the vessels (or the presence
of arterial vessels only) on contrast-enhanced Doppler
EUS using the second generation US contrast agent
SonoVue (BR1, Bracco, Italy) predicted lymph node
malignancy significantly better than standard EUS
variables. However, as with the study by Sawhney et
[4]
al , the lymph nodes examined in these studies were
relatively larger than those in our study.
Recently, the combination of the second generation
US contrast agent Sonazoid and low mechanical index
imaging techniques has led to CH-EUS being used
for perfusion imaging, which facilitates the depiction
[10,16-18]
of tumor vascularity
. Sonazoid resonates with
a low acoustic power and thus allows us to perform
CH-EUS. We showed previously that this method has
an excellent ability to differentiate malignant from
benign lesions without Doppler-related artifacts,
[19]
even when the lesions are small . Heterogeneous
enhancement was observed in 39 of 47 (83%)
malignant lymph nodes. This is consistent with the
[20]
observation of a pathology-based study that showed
that the vascular architecture of malignant lymph
nodes is characterized by caliber fluctuations, an
irregular coarse, sinusoid formation, and arteriovenous
shunts. In the current study, interobserver agree
ment regarding CH-EUS results revealed excellent
reproducibility between the two readers (κ coefficient:
0.81). Another report also showed that CH-EUS yielded
highly reproducible findings with regard to malignant
[21]
lymph nodes . Indeed, its reproducibility was higher
[22]
than that of MDCT
and all of the standard EUS
findings that were measured in the present study.
However, it should be noted that in the current study,
the readers were experts who had practiced CH-EUS
for more than 8 years; each had read the data of more
than 500 CH-EUS procedures. It is possible that the
reproducibility of CH-EUS findings among beginners
[21]
may be low, although Gincul et al
did not detect
significant differences between experts and beginners.
[23]
Fusaroli et al
also reported that among three
parameters (uptake, pattern, and washout) of CHEUS for solid pancreatic lesion, pancreatic cystic lesion,
and submucosal lesion, the reproducibility between
experienced and non-experienced endosonographers
did not differ significantly. This issue must be validated
in future series.
Another alternative method is EUS elastography.

Table 4 Characteristics of the patients in the secondary
analysis
Sex (M:F)
Median age
Median size (long axis × short axis) (mm)
Final diagnosis (n)

32:19
66 (37-79)
20 (8-60) × 10 (4-42)
Pancreatic carcinoma
29
Bile duct carcinoma
12
Gallbladder carcinoma 7
Ampullary carcinoma
3

malignant. By contrast, CH-EUS revealed that this
lymph node had homogeneous enhancement, which
was deemed to indicate a benign lymph node. The
patient underwent surgery and indeed, histological
examination of the lymph node resected during
surgery revealed that it was benign. With regard to
the remaining two patients, between two and four of
the six standard EUS and color Doppler EUS variables
predicted that they were benign. By contrast, CH-EUS
revealed that it had heterogeneous enhancement,
which was deemed to indicate a malignant lymph
node. Indeed, histological examination of the lymph
nodes resected during surgery revealed that those
lymph nodes were malignant.

DISCUSSION
[13]

A study by Gill et al identified several morphological
characteristics that can be detected by standard EUS
that can help to distinguish between malignant and
benign lymph nodes. Multivariable analysis revealed
that in particular, a round shape, a sharp edge,
and a short axis that exceeded 8.3 mm associated
significantly with malignant cytology. However, the
predictive accuracy of these features was limited. The
present study also assessed the ability of a round
shape, a sharp edge, hypoechogenicity, a ≥ 13 mm
short axis length, and a ≥ 20 mm long axis length
to distinguish between benign and malignant lymph
[13]
nodes. However, like Gill et al , we found that the
diagnostic accuracy of these features was limited.
An alternative method is color Doppler EUS.
[4]
Sawhney et al reported that the absence of CIV
on color Doppler EUS is a strong and independent
predictor of metastatic lymph node. In our study,
however, the absence of CIV on color Doppler EUS did
not predict malignancy better than the standard EUS
variables. This may reflect differences between our
study and theirs in terms of the way the lymph nodes
[4]
were selected: Sawhney et al only included lymph
nodes that were 10 mm or longer, whereas in the
present study, smaller lymph nodes were included (64
had a short axis diameter of less than 10 mm). This
difference may relate to the fact that we evaluated
all apparently visible lymph nodes found during
the standard EUS procedure by color Doppler EUS.
Therefore, the lymph nodes evaluated in the current
study were relatively smaller than those examined
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EUS elastography has been presented as a novel
technique to assess tissue elasticity and has been
used to differentiate between malignant and benign
lymph nodes. Several different variables have been
used in EUS elastography as a measure of tissue
[24-29]
[30,31]
elasticity, namely, color patterns
, strain ratio
,
[32,33]
hue histogram analysis
and artificial neural
[34,35]
[36]
networks
. Wei et al
report a meta-analysis that
included seven articles and a large number of lymph
nodes (368 patients with 431 lymph nodes). The
sensitivity and specificity of EUS elastography for the
differential diagnosis of benign and malignant lymph
nodes were 88%, and 85%, respectively. The area
under the summary receiver operating characteristic
curve was 0.9456. However, the sensitivity and
specificity of this method varied greatly between
[36]
studies . Thus, CH-EUS should be compared to EUS
elastography in terms of its ability to differentiate
malignant from benign lymph nodes in further studies.
In addition, it may be useful to evaluate whether these
imaging methods could complement each other or
other methods.
EUS-FNA is also useful for differentiating malignant
from benign lymph nodes. Since EUS-FNA is highly
specific in terms of identifying malignant lymph nodes,
most cases where EUS-FNA reveals the presence of
atypical cells in the lymph nodes have a final diagnosis
[37]
of malignant lymph node . However, false-positive
and false-negative EUS-FNA results remain possible.
[38]
Jason et al
report that in their series, the EUSFNA false-positive and false-negative rates of intraabdominal lymph node diagnosis were 0.7% and 5.8%,
respectively. The present study suffers a limitation in
relation to this: we cannot be certain that the EUSFNA findings of the lymph nodes analyzed in the
primary analysis were correct. For this reason, only
patients who were followed up for at least 12 mo were
included in the primary analysis. None of the patients
with apparently benign lymph nodes exhibited signs of
lymph node malignancy during this follow-up period.
Another limitation of EUS-FNA is that it cannot be
performed in all cases because of intervening vessels
and/or the difficult location of the lymph node, which
could, for example, lead to an excessively large scope
angle or distance from the probe. These problems
suggest that CH-EUS technology may complement
EUS-FNA-based histological and/or cytological diagnoses.
This notion is supported by the four studies that have
compared CH-EUS and EUS-FNA previously. All were
[39]
for pancreatic masses. Napoleon et al
report that
of five adenocarcinomas that had false-negative EUSFNA results, CH-EUS revealed hypo-enhancement
[21]
in four. Gincul et al
also report that all five falsenegative EUS-FNA cases were correctly classified by
[19]
CH-EUS. Moreover, Kitano et al
report that when
CH-EUS was combined with EUS-FNA, the sensitivity
of EUS-FNA increased from 92.2% to 100%. Fusaori
[40]
et al also report that CH-EUS increased the detec

WJG|www.wjgnet.com

tion of malignant pancreatic lesions in difficult cases
(patients with chronic pancreatitis or biliary stents)
and helped guide EUS-FNA. The present study showed
that at least in the patients who underwent surgical
resection, CH-EUS and EUS-FNA did not differ in terms
of N-staging diagnostic accuracy. However, CH-EUS
correctly N-staged three patients in which EUS-FNA
sampling failed because of lymph node location or
were inadequate. This is the first report to indicate that
CH-EUS complements EUS-FNA in terms of N-staging
in patients with pancreatobiliary neoplasms.
The present study had some limitations. Multiple
lymph nodes in one patient were included in the
primary analysis because it was unclear which of these
lymph nodes should be sampled; thus, all apparently
visible lymph nodes were sampled. This could have
introduced a bias in terms of lymph node selection.
In addition, EUS-FNA was the gold standard in the
primary analysis, even though the accuracy of EUSFNA may be limited, as discussed above. Histology of
resected specimens yields the most accurate diagnosis.
However, it is difficult to identify during surgery which
lymph nodes were previously evaluated by standard
EUS, color Doppler EUS, or CH-EUS. For this reason,
EUS-FNA served as the gold standard in the primary
analysis.
In conclusion, CH-EUS depicted the microvasculature
of intra-abdominal lymph node very clearly. Thus, it
may be a useful modality for differentiating malignant
from benign lymph nodes in patients with pancreato
biliary carcinomas and may complement standard
EUS, color Doppler EUS and EUS-FNA, all of which
have limitations. In addition, it may be helpful for
determining the lymph nodes that should be subjected
to EUS-FNA. In view of the high accuracy described in
this study, in the future, CH-EUS may help to detect
the in-operable stage better and thereby helps to
avoid unnecessary surgery. Hence, CH-EUS will play
an important role in determining the optimal treatment
of pancreatobiliary carcinomas. However, given that
the sample size of this study was relatively small and
all CH-EUS procedures were performed in a single
medical unit, an additional study that confirms the
value of CH-EUS for differentiating malignant from
benign lymph nodes is warranted.
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treatment decisions. Standard EUS can help to distinguish between malignant
and benign lymph nodes, although the predictive accuracy of these features
was limited. US contrast agents that, when combined with contrast harmonic
imaging, make it possible to depict the microvasculature in real time. Recently,
EUS was equipped with this novel perfusion imaging technique, thus yielding
contrast-enhanced harmonic EUS (CH-EUS).
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This is the first study to evaluate the diagnostic accuracy of CH-EUS for
differentiating malignant from benign lymph node, compared with standard
and color Doppler EUS. CH-EUS was more accurate than standard and color
Doppler EUS. Notably, three patients with EUS-FNA failure were correctly
N-staged by CH-EUS.
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Applications

The results of this study suggest that it may be a useful modality for
differentiating malignant from benign lymph nodes in patients with
pancreatobiliary carcinomas and may complement EUS-FNA. In addition, it may
be helpful for determining the lymph nodes that should be subjected to EUSFNA. Application of CH-EUS to staging will help patients avoid unnecessary
surgery.
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Color Doppler imaging has several limitations, including blooming, overpainting
and motion artifacts. It is also difficult to evaluate perfusion by using color
Doppler imaging. This problem was recently overcome by a revolution in US
technology, namely, contrast harmonic imaging which makes it possible to
depict the microvasculature in real time. Recently, EUS was equipped with this
novel perfusion imaging technique, thus yielding CH-EUS.
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plants were performed. Predonation physiologic data
from UNOS DonorNet included preoperative systolic
and diastolic blood pressure, heart rate, pH, SpO 2,
PaO 2 , FiO 2 , and hemoglobin. Mean arterial blood
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pressure was computed from the systolic and diastolic
blood pressures. Donor preoperative arterial O2 content
was computed as [hemoglobin (gm/dL) × 1.37 (mL
O2/gm) × SpO2%) + (0.003 × PaO2)]. The amount of
preoperative donor red blood cell transfusions given
and vasopressor use during the intensive care unit
stay were documented. Donors who were transfused
≥ 1 unit of red-cells or received ≥ 2 vasopressors
in the preoperative period were categorized as the
red-cell/multi-pressor group. Following withdrawal of
life support, donor ischemia time was computed as
the number-of-minutes from onset of diastolic blood
pressure < 60 mmHg until aortic cross clamping. Donor
hypoxemia time was the number-of-minutes from onset
of pulse oximetry < 80% until clamping. Donor hypoxia
score was (ischemia time + hypoxemia time) ÷ donor
preoperative hemoglobin.

clinical complication developing in recipients following
donation after circulatory death liver transplantation.
Numerous published investigations have attempted
to link the hemodynamic instability and hypoxemia
following withdrawal of life support to the development
of cholangiopathy, without success. Our research
indicates that cholangiopathy is linked to the magnitude
of hypoxemic, ischemic, and anemic hypoxia transpiring
after life support withdrawal and can be represented by
a donor hypoxia score. We recommend that the historically
utilized nomenclature of ischemic cholangiopathy be
replaced using a more physiologic-based and expansive
term, hypoxic cholangiopathy.
Chirichella TJ, Dunham CM, Zimmerman MA, Phelan EM,
Mandell MS, Conzen KD, Kelley SE, Nydam TL, Bak TE,
Kam I, Wachs ME. Donor preoperative oxygen delivery and
post-extubation hypoxia impact donation after circulatory
death hypoxic cholangiopathy. World J Gastroenterol 2016;
22(12): 3392-3403 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i12/3392.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i12.3392

RESULTS: The 1, 3, and 5 year graft and patient
survival rates were 83%, 77%, 60%; and 92%, 84%,
and 72%, respectively. HC occurred in 49% with 16%
requiring retransplant. HC occurred in donors with
increased age (33.0 ± 10.6 years vs 25.6 ± 8.4 years,
P = 0.014), less preoperative multiple vasopressors or
red-cell transfusion (9.5% vs 54.6%, P = 0.002), lower
preoperative hemoglobin (10.7 ± 2.2 gm/dL vs 12.3
± 2.1 gm/dL, P = 0.017), lower preoperative arterial
oxygen content (14.8 ± 2.8 mL O2/100 mL blood vs
16.8 ± 3.3 mL O2/100 mL blood, P = 0.049), greater
hypoxia score >2.0 (69.6% vs 25.0%, P = 0.006), and
increased preoperative mean arterial pressure (92.7 ±
16.2 mmHg vs 83.8 ± 18.5 mmHg, P = 0.10). HC was
independently associated with age, multi-pressor/redcell transfusion status, arterial oxygen content, hypoxia
2
score, and mean arterial pressure (r = 0.6197). The
transplantation rate was greater for the later period
with more liberal donor selection [era 2 (7.1/year)],
compared to our early experience [era 1 (2.5/year)].
HC occurred in 63.0% during era 2 and in 29.4%
during era 1 (P = 0.03). Era 2 donors had longer times
for extubation-to-asystole (14.4 ± 4.7 m vs 9.3 ± 4.5
m, P = 0.001), ischemia (13.9 ± 5.9 m vs 9.7 ± 5.6 m,
P = 0.03), and hypoxemia (16.0 ± 5.1 m vs 11.1 ± 6.7
m, P = 0.013) and a higher hypoxia score > 2.0 rate
(73.1% vs 28.6%, P = 0.006).

INTRODUCTION

Key words: Orthotopic liver transplantation; Ischemic
cholangiopathy; Hypoxic cholangiopathy; Donation after
circulatory death; Biliary complications; Reperfusion
injury

Orthotopic liver transplantation remains the gold
standard for patients with end stage liver disease.
The critical shortage of brain-dead organ donors has
increased the utilization of donation after circulatory
death (DCD) liver grafts. Many studies have compared
donation after brain death to DCD liver transplants
[1-3]
[4,5]
and have noted either inferior
or comparable
graft survival and biliary complications in the DCD
[5-8]
group . Brain-dead donors, unlike DCD donors, do
not experience an agonal phase where hepatobiliary
[5]
hypoxia accrues. Taner et al stated that events
during DCD procurement, such as variations in hemo
dynamics, a mandatory wait period, or time from
incision to cross clamp, all included in the donor warm
ischemic time, may impact the outcome of DCD liver
transplants. The relative contribution of these factors
on donor graft and recipient outcome is unknown.
The primary purpose of our study was to assess
the effect of DCD donor risk conditions (age, hemo
dynamics prior to and after extubation, the use
of vasopressors or red blood cell transfusions, pre
operative hemoglobin, and pre-operative oxygen
delivery) on development of hypoxic cholangiopathy
(HC). Our secondary aim was to evaluate the different
eras of donors to see if these factors were predictive of
recipient HC.

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

MATERIALS AND METHODS

Core tip: Cholangiopathy is a common and devastating

Approval for the study was obtained from the Colorado
Multiple Institutional Review Board. Informed consent

CONCLUSION: Easily measured donor indices,
including a hypoxia score, provide an objective measure
of DCD liver transplantation risk for recipient HC. Donor
selection criteria influence HC rates.
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was waived, because this was a retrospective analysis.
We reviewed information pertaining to DCD from the
University of Colorado database between 2003 and
2013. Recorded data included age, date of transplant,
model for end-stage liver disease (MELD) score, and
whether the patient had a complication from their
transplant. Using the UNOS DonorNet, the donor
ID and match ID for each donor and recipient were
confirmed.

pressor group. Patients in either the RBC or multipressor group were denoted as the RBC/multi-pressor
group.

Donor post-extubation risk conditions

Operating room donor hemodynamic variables were
taken from the local organ procurement organization
(OPO) DCD operating room (OR) flowsheet. Vital signs
were calculated every one-to-five minutes following
extubation and then every minute at the start of the
agonal phase (systolic BP < 60 mmHg or SpO2 < 80%)
per OPO protocol. Donor BP was recorded using either
an arterial cannula or a blood pressure cuff in 1 min
intervals. SpO2 was monitored using either a finger or
ear probe, per the OPO policy. The donor OR variables
included: age, diagnosis prior to procurement, time
diastolic BP < 60 mmHg, time SpO2 < 80%, time from
extubation-to-asystole, time from extubation-to-aortic
cross clamping, and time from asystole-to-aortic cross
clamping. Using UNOS DonorNet, the following data
were also obtained for analysis: the body mass index,
amount of RBC given during the hospital admission,
preoperative vasopressor administration stopped at
the time of extubation, duration of cardiac arrest prior
to arriving at the hospital, and pre-donation length of
stay. Donor hypoxia accrual time was defined as the
period from the onset of extubation-to-aortic cross
clamping. Donor ischemia time was defined as the
elapsed number of minutes from the onset of diastolic
BP < 60 mmHg until aortic cross clamping. Donor
hypoxemia time was defined as the elapsed number
of minutes from the onset of SpO2 < 80% until aortic
cross clamping. Donor hypoxia score was defined as
(donor ischemia time + donor hypoxemia time) ÷
preoperative hemoglobin.

Outcome conditions

Outcomes were defined as graft and patient survival,
the development of recipient HC in the graft, and the
need for re-transplant. Patient survival, graft survival,
and the need for re-transplant were obtained from
the University of Colorado Database. HC was defined
as common bile duct with intrahepatic duct strictures
requiring stent dependence or common bile duct
and intrahepatic duct necrosis. HC was diagnosed by
endoscopic retrograde cholangiopancreatogram (ERCP)
or percutaneous transhepatic cholangiogram (if ERCP
was performed with inability to traverse roux limb),
and simple anastomotic strictures were excluded from
the analysis. We believe HC is a more accurate term
for DCD livers, compared to ischemic cholangiopathy
which implies that the hepatobiliary insult is limited
to decreased hepatic vascular perfusion. Donor and
recipient variables were evaluated as potential risk
factors for the development of HC. Era 1 donors were
defined as those from February 2003 to November
2009 and era 2 donors were defined as those from
December 2009 to September 2013. A cut-off point
was created for era 1 and era 2 donors, because a
more liberal donor selection criterion was used for era
2 donors. One recipient was excluded from the HC
analysis due to an intraoperative death.

Recipient risk conditions

Donor preoperative O2 delivery risk conditions

Recipient variables were: the cause of cirrhosis (hepatitis
C, Laennec’s, alpha-1 antitrypsin, hepatitis B, hepa
tocellular carcinoma, nonalcoholic steatohepatitis,
autoimmune, or cholangiocarcinoma), MELD score,
cold ischemic time, warm ischemic time, and type of
biliary anastomosis. Duct-to-duct anastomosis was
used with or without transcystic biliary tubes. When
a DCD liver was used for a retransplant, a Roux-en-Y
choledochojejunostomy was performed (4 DCD livers
were used for re-transplant). Cold ischemic time was
defined as the time of cross clamp to out of ice. Warm
ischemic time was the time out of ice to reperfusion
of the hepatic veins and portal vein. The University of
Colorado Transplant team abandoned venovenous in
1995. Therefore, all recipient liver transplants during
this time period were performed off bypass.

Predonation physiologic data from UNOS DonorNet
included initial and preoperative systolic blood
pressure (BP), diastolic BP, heart rate, pH, SpO2,
PaO2, FiO2, and positive end-expiratory pressure
(PEEP) level in cm H2O. Mean arterial BP (MAP) was
computed from the systolic BP and diastolic BP. Donor
preoperative arterial O2 content was computed as
(hemoglobin × 1.37 × SpO2) + (0.003 × PaO2). P/F
O2 was computed as PaO2 ÷ (FiO2% × 0.01). UNOS
DonorNet provided the amount of donor red blood cell
(RBC) transfusions given during hospital admission,
vasopressor administration, duration of cardiac arrest
prior to arriving at the hospital, pre-procurement
length of stay, and pre-extubation hemoglobin.
Patients who were transfused ≥ 1 unit of RBC during
preoperative hospitalization were categorized as the
RBC group. Donor vasopressor administration prior to
the withdrawal of support was categorized as none,
1, or ≥ 2. Patients who received ≥ 2 vasopressors in
the preoperative period were classified as the multi-
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DCD procurement process

[9]

All DCD donors were classified as Maastricht type 3 .
The DCD livers were procured by one organ surgical
specialist provided by our local organ procurement
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the relationship between two continuous variables; (4)
Fisher’s exact test to assess 2 × 2 contingency tables;
and (5) logistic multivariate regression analysis to
assess the impact of independent variables on binary
response variables. SAS System for Windows, release
9.2 (SAS Institute Inc., Cary, NC, United States) was
used to perform the statistical analysis. P < 0.05
represented statistical significance.

Table 1 Donor risk conditions for hypoxic cholangiopathy

Age
Body mass index (kg/m2)
Pre-op pressors = 0
Pre-op pressors = 1
Pre-op pressors ≥ 2
Red blood cell transfusion
Pre-op hemoglobin (g/dL)
Pre-op mean arterial pressure (mmHg)
Pre-op SpO2 (%)
Pre-op PaO2 (torr)
Pre-op arterial O2 content (mL/100 mL)
Donor hypoxia accrual time (min)
Extubation-to-asystole time (min)
Asystole-to-aortic clamp time (min)
Donor ischemia time (min)
Donor hypoxemia time (min)
Donor hypoxia score
Pre-donation length of stay (d)
No arrest
Pre-donor duration of arrest (min)

Result

Range

29.7 ± 10.4
25.7 ± 4.1
29/44 (65.9%)
9/44 (20.5%)
6/44 (13.6%)
11/44 (25.03%)
11.7 ± 2.3
88.6 ± 17.8
97.3 ± 5.4
181.9 ± 114.7
16.0 ± 3.3
20.8 ± 5.5
12.6 ± 5.2
8.2 ± 2.4
12.4 ± 6.1
14.2 ± 6.1
2.3 ± 1.1
3.8 ± 2.3
24 (53.3%)
31.5 ± 20.6

9-53
18-36

4.8-16.5
57-121
65-100
41-472
7.5-23.2
9.0-33.0
4.0-24.0
5.0-14.0
2-25
1-29
0.4-4.8
1-13

RESULTS
From February 2003 to September 2013, 45 consecutive
patients underwent a DCD liver transplant. HC occurred
in 50.0% (n = 22) of DCD liver recipients with 15.9%
(n = 7) requiring re-transplantation. The 1, 3, and 5
year graft survival rates were 83%, 77%, and 60%,
respectively. The 1, 3, and 5 year patient survival rates
were 92%, 84%, and 72%, respectively.

3-75

Donor risk conditions for HC

One patient was excluded from the analysis secondary
to an intraoperative death. Donor risk conditions are
described in Table 1. The median age of DCD liver
donors was 30 years old with a body mass index < 30
2
kg/m . Most donors did not receive RBC transfusion,
were not on vasopressors, and did not suffer a preadmission cardiac arrest.

organization and/or by the abdominal transplant
team at the University of Colorado Hospital. The OPO
obtained consent for recovery and to administer
30000 units of intravenous heparin prior to extubation.
Withdrawal of life support (i.e., extubation and
stoppage of vasopressor agents), institution of com
fort measures, and declaration of death were in
compliance with donor hospital policies (i.e., either in
the post-anesthesia care unit with rapid transport to
the OR, or in the OR). Following declaration of death,
a mandatory observation of 2-5 min was performed
with reconfirmation of death, depending on the donor
hospital policy.
Rapid retrieval was performed using aortic cannu
lation through an infrarenal approach, and portal
cannulation through the inferior mesenteric vein,
using University of Wisconsin solution or histidinetryptophan-ketoglutarate cold solution. Once cold
perfusion was initiated, the common bile duct was
transected at the duodenum and the gallbladder was
opened and flushed with saline, until the effluent from
the transected duct was clear. Tissue plasminogen
activator was flushed through the arterial system
after the liver was excised, before packaging it in cold
histidine-tryptophan-ketoglutarate. Because dosing
and administration was attending-dependent, these
were inconsistent.

Donor preoperative O2 delivery and hc risk

Recipient HC univariate correlations with preoperative
donor oxygen delivery are presented in Table 2.
Patients not developing HC were younger, more
frequently received preoperative multiple vasopressor
administration and RBC transfusions, had higher
preoperative hemoglobin and arterial O2 content, and
had lower preoperative MAP. Multivariate analysis
showed that recipient HC was independently associated
with increased MAP (P = 0.07), lower arterial O2
content (P = 0.02), decreased multiple-pressor or RBC
2
administration (P = 0.013), and older age (P = 0.11) (r
= 0.4427).
Eleven of 44 (25.0%) donors underwent pre
operative RBC transfusion. The transfusion group
had a lower initial pH (7.23), compared to the nontransfusion group (7.33; P = 0.03). The transfusion
group had a normal preoperative pH (7.39), compared
to their initial value (7.23; P = 0.001). The transfusion
group had a lower initial SpO2 (91.3%), compared
to the non-transfusion group (97.3%; P = 0.007).
The transfusion group had a similar preoperative
hemoglobin (11.0 g/dL), when compared to the nontransfusion group (12.0 g/dL; P = 0.17).
Of the 44 donors, 6 (13.6%) received ≥ 2 pressors
during the preoperative period. Initially, the multipressor group was acidemic (pH 7.27 ± 0.18); yet,
following the administration of multiple pressor agents
the acidosis improved (pH 7.37 ± 0.09; P = 0.29).

Statistical analysis

Continuous variables are expressed as means ±
standard deviations. Statistical relationships were
performed using the following techniques: (1) t-test for
comparison of interval continuous data between two
groups; (2) Wilcoxon rank-sum test for comparison
of ordinal-rank continuous data between two groups;
(3) Pearson’s correlation coefficient analysis to assess
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Table 2 Hypoxic cholangiopathy correlations with preoperative donor oxygen delivery

n
Age
Multiple pressor administration
RBC transfusion
RBC or multiple pressor administration
Hemoglobin
Arterial O2 content (mL/100 mL)
Mean arterial pressure (mmHg)

(-) Hypoxic cholangiopathy

(+) Hypoxic cholangiopathy

P value

22
25.6 ± 8.4
27.3%
36.4%
54.6%
12.3 ± 2.1
16.8 ± 3.3
83.8 ± 18.5

22
33.0 ± 10.6
0.0%
9.5%
9.5%
10.7 ± 2.2
14.8 ± 2.8
92.7 ± 16.2

0.020
0.009
0.040
0.001
0.020
0.049
0.100

RBC: Red blood cell.

Table 3 Comparison of patients with preoperative multiple pressors or red blood cell transfusion
(-) Multiple-pressor/RBC
n
Hypoxic cholangiopathy
Initial pH
Pre-op pH
Initial PaO2
Pre-op PaO2
Initial SpO2 (%)
Pre-op SpO2 (%)
Initial P/F O2
Pre-op P/F O2
Initial PEEP (cmH2O)
Pre-op PEEP (cmH2O)
Pre-op hemoglobin (g/dL)
Arterial O2 content (mL/100 mL)
Pre-op systolic pressure (mmHg)
Pre-op diastolic pressure (mmHg)
Pre-op mean pressure (mmHg)
Pre-op heart rate (bpm)

29 (67.4%)
19 (65.5%)
7.33 ± 0.14
7.43 ± 0.06
156.4 ± 84.0
171.5 ± 106.1
97.5 ± 2.7
97.9 ± 2.0
228.5 ± 116
212.5 ± 101
6.0 ± 2.7
7.1 ± 4.6
11.8 ± 1.9
16.2 ± 2.5
133.6 ± 21.9
74.3 ± 15.7
92.1 ± 16.6
92.3 ± 20.2

(+) Multiple-pressor/RBC
14 (32.6%)
2 (14.3%)
7.25 ± 0.12
7.39 ± 0.08
133.6 ± 117.6
191.2 ± 129.8
92.2 ± 9.9
95.9 ± 8.8
191.4 ± 93
243.8 ± 126
5.6 ± 3.9
7.0 ± 4.5
11.8 ± 2.5
16.1 ± 4.0
123.5 ± 26.8
64.3 ± 18.1
82.1 ± 19.2
96.9 ± 22.3

P value
0.001
0.08
0.07
0.48
0.60
0.012
0.41
0.40
0.41
0.69
0.96
0.99
0.93
0.19
0.06
0.08
0.49

Complete data available for 43/45 (95.6%) patients. RBC: Red blood cell; PEEP: Positive end-expiratory pressure.

Initial SpO2 was insignificantly higher in the nonmulti-pressor group (96.6%), compared to the multipressor cohort (89.4%; P = 0.37), despite a mean
PaO2 of 120.4 ± 65.0 in the latter group. Following
multi-pressor administration, the SpO2 increased to
99.3% ± 0.8% (P = 0.24). The preoperative SpO2
was higher in the multi-pressor group (99.3%),
compared to the non-multi-pressor group (96.8%; P
= 0.02). The preoperative P/F O2 was higher in the
multi-pressor group (305.3) compared to the nonmulti-pressor group (210.8; P = 0.07); however, the
PEEP levels were comparable (8.2 and 6.9 cmH2O; P
= 0.55). Multi-pressor use did not create preoperative
hypertension (systolic BP 113.2 ± 22.1; diastolic BP
67.5 ± 16.3) or tachycardia (heart rate 105.0 ± 18.6).
A comparison of the preoperative RBC/multipressor group with the non-intervention group is
presented in Table 3. The initial pH in the RBC/multipressor group was more acidemic, compared to
the non-RBC/multi-pressor group. The RBC/multipressor group’s preoperative pH was significantly
higher, compared to their initial pH (P = 0.001). The
RBC/multi-pressor group had a 51.3 torr increase in
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the preoperative PaO2 relative to the initial PaO2 (P =
0.22). The RBC/multi-pressor group’s preoperative
SpO2 increased, compared to their initial value (P =
0.29). The RBC/multi-pressor group’s preoperative P/F
O2 was insignificantly higher, compared to their initial
P/F O2 with an almost identical preoperative PEEP and
preoperative hemoglobin, compared with the nonRBC/multi-pressor group. The non-RBC/multi-pressor
group’s preoperative P/F O2 had a minimal decrease,
compared to their initial P/F O2. The increment from
the initial P/F O2 to the preoperative P/F O2 in the two
groups trended towards significance (P = 0.09).

Donor post-extubation hypoxia and HC risk

Recipient HC correlations with donor post-extubation
hypoxia are presented in Table 4. Neither cold nor
warm ischemia had a statistical association with HC.
HC was not associated with the duration of donor
hypoxia accrual, extubation-to-asystole, asystole-toaortic clamping, donor ischemia, or donor hypoxemia
times. HC was associated with donor preoperative
hemoglobin and the donor hypoxia score. HC was
associated with a donor hypoxia score > 2.0 (relative
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Table 4 Hypoxic cholangiopathy correlations with donor post-extubation hypoxia
(-) Hypoxic cholangiopathy

(+) Hypoxic cholangiopathy

P value

22
20.3 ± 5.8
12.0 ± 5.1
8.3 ± 2.6
11.7 ± 7.4
13.2 ± 6.5
12.3 ± 2.1
2.0 ± 1.2
25.0%

22
21.6 ± 5.2
13.4 ± 5.4
8.1 ± 2.3
13.5 ± 4.2
15.5 ± 5.6
10.7 ± 2.2
2.7 ± 0.9
69.6%

0.470
0.380
0.800
0.340
0.220
0.017
0.030
0.006

n
Donor hypoxia accrual time (min)
Extubation-to-asystole time (min)
Asystole-to-aortic clamp time (min)
Donor ischemia time (min)
Donor hypoxemia time (min)
Preoperative hemoglobin (g/dL)
Donor hypoxia score
Donor hypoxia score > 2.0

Table 5 Recipient risk variables - n = 45 n (%)
Result
Hepatitis-C
Ethanol
Alpha-1 antitrypsin
Hepatitis B
Hepatocellular carcinoma
≥ 2 diagnoses
MELD
Duct to duct anastamosis
Cold-ischemia time (min)
Warm-ischemia time (min)
Total-ischemia time (min)

13 (28.9)
6 (13.3)
9 (20.0)
3 (6.7)
18 (40.0)
21 (46.7)
28.7 ± 5.6
38 (84.4)
429.9 ± 127.3
35.4 ± 13.6
465.6 ± 131.0

Table 6 Era 1 and era 2 risk comparisons
Range

Era 1
DCD liver transplants
Hypoxic cholangiopathy
Transplants per year
Hepatocellular carcinoma
Donor body mass index (kg/m2)
Donor hypoxia accrual time (min)
Donor extubation-to-asystole time (min)
Donor aystole-to-crossclamp time (min)
Donor ischemia time (min)
Donor hypoxemia time (min)
Donor hypoxia score
Donor hypoxia score > 2.0
Recipient cold ischemia time (min)
Recipient warm ischemia time (min)
Recipient total ischemia time (min)

17-40
60-660
16-76
95-688

MELD: Model for end-stage liver disease.

risk = 2.8). Multivariate analysis showed that the
recipient HC was independently associated with
increased donor age (P = 0.10), increased donor
preoperative MAP (P = 0.06), decreased donor
preoperative arterial O2 content (P = 0.08), less donor
preoperative RBC or multiple-pressor administration (P
= 0.03), and a greater rate of donor hypoxia score > 2
2
(P = 0.06, r = 0.6197).

P value
0.030
0.100
0.060
0.030
0.001
0.001
0.779
0.030
0.013
0.003
0.006
0.040
0.030
0.030

hypoxia score > 2.0 rate (P = 0.04), a longer recipient
cold ischemia time (P = 0.02), and longer extubation2
to-asystole time (P = 0.07, r = 0.3905).
Multivariate analysis showed that HC was indepen
dently associated with increasing age (P = 0.02), less
preoperative RBC or multiple-pressor administration (P
= 0.04), greater donor hypoxia score > 2.0 (P = 0.03),
2
and era 2 (P = 0.06, r = 0.6502). Cold ischemia times
were the same for recipients not developing HC (432
m) and those acquiring HC (431 m, P = 1.0). Recipient
warm ischemia times were also similar (33 m vs 39 m,
P = 0.18).

Recipient risk conditions

Select recipient risk conditions are presented in Table 5.
HC had no association with any of the conditions listed
in the Table (P > 0.05).

Era 1 and era 2 donor preoperative O2 delivery/postextubation hypoxia and HC

DISCUSSION

Era 2 donors had a higher HC rate and more transplants
per year, compared to era 1 (Table 6). A comparison
of era 1 and era 2 showed that era 2 times were
longer for donor hypoxia accrual, donor extubationto-asystole, donor ischemia, donor hypoxemia, and
recipient cold ischemia. Era 2 donors also had a higher
donor hypoxia score and a higher rate for donor
hypoxia scores > 2.0. The correlations for era 2 donors
vs era 1 donors were greater for donor hypoxia score
2
2
(r = 0.2443) and extubation-to-asystole time (r =
0.1839), when compared to donor cold ischemia time
2
(r = 0.1045). Multivariate analysis identified era 2 vs
era 1 as independently associated with a greater donor
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Era 2

17
27
29.4%
63.0%
2.5
7.1
23.5%
51.9%
24.1 ± 3.1 26.7 ± 4.3
17.3 ± 5.0 22.7 ± 4.8
9.3 ± 4.5 14.4 ± 4.7
8.1 ± 2.7
8.3 ± 2.3
9.7 ± 5.6 13.9 ± 5.9
11.1 ± 6.7 16.0 ± 5.1
1.6 ± 0.9
2.7 ± 1.1
28.6%
73.1%
381 ± 139 461 ± 111
31 ± 10
39 ± 15
411.8 ± 135 499.4 ± 119

Donor post-extubation hypoxia and recipient HC

We found, following withdrawal of life support, an
association between recipient HC and lower donor
hemoglobin and longer durations of donor diastolic
BP < 60 mmHg (ischemic time) and donor SpO2 <
80% (hypoxemic time) until aortic cold-perfusion and
cross clamping. These findings are summarized by
the significant association between recipient HC and
the donor hypoxia score. The time until aortic coldperfusion and cross clamping (donor hypoxia accrual
time) following the withdrawal of life support was
not associated with recipient HC. It is clear from the
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[21]

data in our study that ischemic hypoxia or hypoxemic
hypoxia did not occur for several minutes following life
support withdrawal. That is, the average time from
the withdrawal of life support until cross clamping
exceeded the times for SpO2 < 80% and diastolic BP <
60 mmHg.
The DCD liver transplant literature has historically
and commonly referred to the donor hypoxia accrual
[10]
time as the donor warm ischemic time (DWIT) .
[11]
Abt et al
have shown that this time period was not
associated with graft survival in DCD liver transplantation.
[12]
However, de Vera et al
has shown that DWIT >
20 min is associated with poor graft survival. More
[7]
specifically, DeOliveira et al demonstrated that DWIT
does not correlate with biliary complications. Their
group defined DWIT as the time from life support
withdrawal until aortic cannulation, where the SpO2 fell
< 70% or systolic BP decreased < 50 mmHg. Their
lack of correlation may be related to the failure to
separately consider each as a hypoxic risk condition
or that their criteria are too conservative. A meta[10]
analysis by O’Neill et al
demonstrated that DWIT
correlated with DCD HC; however, the definitions of
DWIT in the published literature were variably defined.
[5]
Taner et al comprehensively examined DWIT and
failed to show significant associations with overall
biliary complications or intrahepatic bile duct strictures,
despite using multiple criteria for critical hypotension
and hypoxemia.
A review of the DCD liver transplant literature
showed that interval definitions for DWIT have been
variable and included the time from extubation to cold
perfusion, cardiac arrest, or aortic cross-clamping, or
[10]
was the time from arrest to hepatic perfusion . We
were unable to identify any study where the magnitude
of ischemic and hypoxemic hypoxia were combined
to assess correlation with adverse outcomes; relevant
[13]
examples include the studies by Elaffandi et al ,
[14]
[15]
Skaro et al , and Ho et al . Although a hemoglobin
of > 10 mg/dL is recommended as a critical care donor
[16]
management goal , we have not found literature that
explored the potential effect of donor hemoglobin on
DCD liver transplant outcomes.
Relevant to our study observations are multiple
etiologic factors for hepatic hypoxia, including
[17-19]
ischemia, arterial hypoxemia, and severe anemia
.
Two publications emphasize that decreased hepatic
blood flow is not the sole mechanism of hypoxic liver
injury, and therefore hypoxic hepatitis or hypoxic liver
[19,20]
injury is more appropriate terminology
. These
literature findings support study observations that
the ischemic, hypoxemic, and anemic elements of the
donor hypoxia score are clinically reasonable.
Also relevant to the study finding that the donor
hypoxia score correlated with HC is the recognized
physiologic concept of systemic oxygen delivery, with
constitutive elements of ischemia, hypoxemia, and
anemia. Although the investigation by Kostopanagiotou
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et al emphasized the importance of oxygen delivery
during orthotopic liver transplantation, the concepts
are applicable to the issue of donor hypoxia. Systemic
tissue oxygen delivery depends on an adequate
cardiac output and arterial oxygen content, where
the latter is affected by SaO2 and hemoglobin. Of
importance, MAP is directly related to cardiac output
[22,23]
and systemic vascular resistance
. Thus, critical
decreases in cardiac output or BP (ischemic hypoxia),
SaO2 (hypoxemic hypoxia), or hemoglobin (anemic
[24-26]
hypoxia) cause cellular hypoxia and lactic acidosis
.
Based on the aforementioned line of reasoning and
our study findings, we suggest the historic term DWIT
is ambiguous relative to time intervals, and does not
fully encompass the three physiologic elements that
can interactively cause cellular hypoxia. Since elements
of hypoxia other than ischemia are present, the
historic use of DWIT is not an adequately descriptive
term. Because there is no donor cold ischemic or
hypoxic period, it is unnecessary to include the word
warm in the definitive terms. We propose that the
historic DWIT be changed to donor hypoxia accrual
time, which is the time from the withdrawal of life
support until aortic cold-perfusion and cross clamping.
We recommend that donor ischemia time represent
the number of minutes from the onset of diastolic BP
< 60 mmHg, following life support withdrawal, until
aortic cold-perfusion and cross clamping. Finally, we
suggest donor hypoxemia time be used to signify the
number of minutes elapsing from the onset of SpO2
< 80%, following life support withdrawal, until aortic
cold-perfusion and cross clamping. The study findings
indicate that the donor hypoxia score, an interactive
variable that includes donor ischemia time, donor
hypoxemia time, and preoperative hemoglobin, can be
used to assess the DCD post-transplantation risk for
recipient HC.

Donor preoperative O2 delivery and recipient HC

Donor characteristics of younger age, higher preoperative
hemoglobin, greater preoperative arterial O2 content,
lower preoperative MAP, and greater preoperative
RBC/multi-pressor use were associated with decreased
recipient HC. We reason that donor age was a significant
finding because older patients have increased celiac
[27]
axis and thoracic and abdominal aortic atherosclerotic
[28,29]
[30,31]
occlusive disease
and reduced cardiac output
that can affect hepatobiliary perfusion. Thus, it seems
feasible that donors with a lower age and higher
hemoglobin would have better preoperative hepatobiliary
oxygen delivery that potentially reduces the risk for HC.
Of relevance, donor ejection fraction of > 50% is a critical
[32]
care donor management goal , that has been shown
to be associated with an increase in successful organ
[16]
transplantation . Multiple investigators have shown that
lower donor age has been associated with a reduction in
[12]
DCD liver transplantation overall biliary complications ,
[33]
[2]
non-anastomotic biliary stricture , graft failure ,
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[10,34]

[3,40,41]

and HC
. This explains why pre-transplantation
hemoglobin > 10 g/dL is recommended as a critical care
[16]
donor management goal . Our study showed that a
preoperative donor hemoglobin > 12.0 gm/dL correlated
with less HC.
The current investigation showed that the pre
operative RBC/multi-pressor group had a reduction
in HC. The RBC group was initially more acidemic
and had a lower SpO2 compared to the non-RBC
group. Following RBC transfusion, the preoperative pH
improved into a normal range. The preoperative RBC
group hemoglobin was comparable to those without
transfusion, this suggesting that RBC transfusion was
not excessive or inadequate. Of relevance, Pape et
[35]
al
indicate that the decision to administer a blood
transfusion should be based on clinical judgment
relative to the individual’s risk/benefit ratio associated
with transfusion and anemia.
The donor multi-pressor group in the current study
initially was severely acidemic and had a mean SpO2 <
90%, despite a hyperoxemic PaO2, findings suggesting
[36]
[37]
the presence of shock and hypotension . Following
the administration of multiple vasopressors, the
preoperative pH and SpO2 increased to normal ranges.
Interestingly, the preoperative SpO2 was higher in
the multi-pressor group, compared to the non-multipressor group. It is further noteworthy that the
preoperative P/F O2 was higher in the multi-pressor
group, compared to the non-multi-pressor group,
despite comparable PEEP levels. Further, the multipressor group at the time of donor procurement did
not have hypertension or tachycardia, suggesting that
clinically-targeted vasopressor titration had been used.
It is important to note that a MAP of 60-100 mmHg
has been established as a critical care donor manage
[16,32]
ment goal for successful organ transplantation
.
The administration of vasopressors in organ trans
plant donors is controversial and Critical Care Donor
Management Goal recommendations imply that the
number of pressors should be limited to only one and
[16,32]
that low-doses should be used
. However, these
recommendations have been primarily based on an
experience with brain-dead donors. One experience
indicates that the vasopressor agent frequency is lower
among DCD donors (9.4%) compared to brain-dead
[14]
donors (74.7%; P = 0.001) . Another investigation
of 110 DCD donors showed that the number of
[11]
vasopressors was not associated with graft survival .
[38]
A study by Feng et al did not demonstrate a negative
impact of donor hypotension or use of vasopressors
on hepatic graft failure, by either univariate or
multivariate analyses. In fact, in a review publication
on DCD, Morrissey states “vasopressor use has
improved outcomes that now approximate DBD liver
[39]
transplantation” .
Relevant to a discussion regarding the use of
vasopressors, it should be noted that hemodynamic
instability and hypotension occur in 21%-82% of
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critically ill patients in an ICU
and the need for
[3,40]
vasopressors has ranged from 24%-45%
. It is
also germane that approximately 50% of hypotensive
ICU patients will not respond to fluid administration;
thus, it is imperative to determine which hypotensive
[42,43]
patients will be responsive to fluid infusion
.
Apropos, critically ill patients have hemodynamic
instability typically based on one of three pathogenic
mechanisms: cardiogenic (impaired contractility
or altered heart rate), hypovolemic (intravascular
volume deficiency), or distributive (vasogenic de
[43-45]
crease in peripheral arterial tone)
. Appropriate
patient assessment for these three states is critical
in that appropriate intervention is predicated on the
pathophysiology of the hemodynamic instability: fluids
for hypovolemic, inotropes and echocardiography
for cardiogenic, and vasopressors for distributive[42,45]
vasogenic shock
. Multiple reliable devices can
assist the intensivist in determining the presence of
hypovolemic, cardiogenic, or distributive-vasogenic
[42,46]
hemodynamic instability
. When hemodynamic
instability fails to improve with volume-loading,
inotropic-administration, or vasopressor-support,
adrenal insufficiency and hypothyroidism of critical
[47]
illness should be seriously considered .
Although the use of vasopressors is controversial
for the management of hemodynamic instability, liver
transplant patients commonly need inotropes and
[8,48]
vasopressors during surgery
, which reduce blood
[8]
loss and lactic acidosis and lessen need for tracheal
[49]
re-intubation in the postoperative period . An
appropriate vasopressor MAP target of 60-65 mmHg
has been suggested, without any clinical value for
[22,44]
higher levels
.
A couple of observations regarding arterial
oxygenation are noteworthy relative to the RBC/
multi-pressor group. First, the group had a clinically
substantial increase in the preoperative PaO2, relative
to the initial value. Second, the group initially had a
SpO2 in the low-90s range which increased to the mid90s following RBC transfusion or the administration
of multiple pressors. Third, the P/F O2 preoperative
increment relative to the initial value in the RBC/multipressor group was substantially greater, compared
to the non-treatment group. These findings indicate
that improvements in arterial oxygenation, and thus
potentially greater hepatobiliary tissue oxygen delivery,
were better realized in the RBC/multi-pressor group.
This potentially helps to account for the reduction in
HC rates observed with these interventions.
The current study observations do not necessarily
imply that donor candidates for DCD liver trans
plantation should carte blanche receive routine RBC
transfusion or multiple vasopressors. The study findings
do imply that it is reasonable in potential donor candidates
with acidemia and anemia or vasogenic hemodynamic
instability to provide RBC transfusion or administer
vasopressors, respectively. The findings also indicate
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that patients with positive physiologic responses to
the interventions should be considered as acceptable
DCD liver transplant donors. One can only speculate
as to the reason patients receiving RBC transfusion or
multiple pressors had a reduced rate of HC. It seems
likely to be related, in part, to the selection of patients
who are stabilized, based on objective physiologic
and metabolic evidence. It also seems plausible that
an astute intensivist may not only positively impact a
circulatory deficiency, but also provide comprehensive
care that maximally stabilizes other physiologic
and metabolic systems. It is plausible that multiple
pressors or RBC transfusion, in select donor patients,
enhance systemic oxygen delivery and likely preprocurement hepatobiliary oxygenation. The validity
of these speculations is based on their linkage with a
decreased rate of recipient HC.
Multivariate analysis showed that recipient HC
was independently associated with a lower donor
preoperative arterial O2 content, older donor age,
increased donor preoperative MAP and infrequent
use of donor multiple pressors or RBC transfusions.
The lower arterial oxygen content indicates that the
interaction of hemoglobin, SaO2, and PaO2 likely
mitigated systemic, and presumably hepatobiliary,
oxygen delivery. As stated previously, it is likely
that an older donor age could potentially decrease
hepatobiliary blood flow due to a lower cardiac output
or greater atherosclerotic occlusive disease. Although
patients without HC had a lower donor preoperative
MAP, compared to those developing HC, the average
value remained in the normal range. Although precise,
optimal MAP targets are uncertain, a MAP target
[50]
recommendation for septic shock is 65 mmHg . The
current study’s findings demonstrated an increased
donor preoperative MAP in those developing recipient
HC, suggesting that a higher MAP of 90 mmHg may
be an undesirable target for young critically ill patients.
It is plausible that an increased MAP in recipient HC
patients emanates from higher preoperative peripheral
arterial resistance and a reduction in cardiac output,
thus impeding systemic, tissue oxygen delivery.

transfusion status, and donor hypoxia score, suggests
that donor selection criteria influence the subsequent
development of recipient HC.
A direct relationship was observed with longer
recipient warm ischemic times in era 2, compared to
era 1, however this did not correlate with recipient HC.
Although not statistically significant, more recipients in
era 2 were transplanted for hepatocellular carcinoma,
and whether the longer warm ischemic times are
related to the quality of the recipient’s hepatic artery
is unknown. However, we do believe it is important to
re-perfuse the hepatic veins and the portal vein prior
to starting the arterial anastomosis to decrease further
hypoxic injury to the biliary system, as confirmed by
[51]
Farid et al . Furthermore, moving forward (“Era 3”),
our donor selection is comparable to era 1 with the
use of tissue plasminogen activator (TPA) through
the hepatic artery upon reperfusion, as recently
[52]
demonstrated by Seal et al .

Limitations

Several methodological limitations need consideration.
Although this is a retrospective study, this is an analysis
of consecutive DCD liver transplants performed by
identifying risk factors for the development of hypoxic
cholangiopathy and we consider the UNOS DonorNet,
DCD OR flow sheet, and University of Colorado’s
transplant database to be reliable. However, data
accuracy and quality from a retrospective, database
source are recognized to be lower, when compared to
a prospective, dedicated database. Another limitation
is the lack of consistency among the definition of
donor warm ischemic time; however, we believe
that this is a misnomer and should be called donor
hypoxia accrual time. Also, we did not evaluate cross
clamp time to liver in ice time. However, our aystoleto-cross clamp times were similar between era 1
and era 2, and we believe that explantation of the
donor liver would yield similar results. Despite our
limitations, to our knowledge, this is the only study to
evaluate and define donor ischemia and hypoxemia
time, preoperative donor hemoglobin, donor preopera
tive arterial O2 content, and donor RBC transfusion
requirements along with vasopressor administration so
stringently.
In conclusions, HC continues to be a major morbidity
of DCD liver transplantation. Our study indicated that
HC was greater with an increased donor age, less
donor preoperative multiple vasopressors or RBC
transfusion, lower donor pre-operative hemoglobin,
lower donor preoperative arterial oxygen content, and
increased MAP. Higher donor pre-operative hemoglobin
of 12 gm/dL is recommended prior to extubation.
However, we do not recommend using vasopressors
when not clinically indicated. Donor hypoxia score
[a measurement of (donor ischemia time + donor
hypoxemia time) ÷ donor pre-operative hemoglobin]
provides an objective measure of DCD post-liver

Era 1 and era 2 donor preoperative O2 delivery/postextubation hypoxia and HC

The transplants per year in era 2 represent a nearly
3-fold increase, compared to era 1. Our more liberal
selection criteria was manifest by longer donor
extubation-to-asystole, donor ischemia, and donor
hypoxemia times and a higher donor hypoxia score
and an increased donor hypoxia score > 2.0 rate in era
2. Although the recipient cold ischemia time in era 2 was
increased compared to era 1, HC did not correlate with
the recipient cold ischemia time. Further, the recipient
cold ischemia time in era 2 is comparable to those
reported by other United States liver transplantation
[2]
centers . The independent association of era 2 with
HC, after controlling for donor age, multi-pressors/RBC

WJG|www.wjgnet.com

3400

March 28, 2016|Volume 22|Issue 12|

Chirichella TJ et al . Cholangiopathy: Donor hypoxia, pre-op oxygen delivery
transplantation risk for the development of recipient
HC. The study also suggests that donor selection
criteria have an impact on the proclivity for acquiring
recipient HC.
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Background

Orthotopic liver transplantation remains the gold standard for patients with
end stage liver disease. The critical shortage of brain-dead organ donors
has increased the utilization of donation after circulatory death (DCD) liver
grafts. Many studies have compared donation after brain death to DCD liver
transplants and have noted either inferior or comparable graft survival and
biliary complications in the DCD group. Brain-dead donors, unlike DCD donors,
do not experience an agonal phase where hepatobiliary hypoxia accrues.
Taner et al stated that events during DCD procurement, such as variations in
hemodynamics, a mandatory wait period, or time from incision to cross clamp,
all included in the donor warm ischemic time, may impact the outcome of DCD
liver transplants. The relative contribution of these factors on donor graft and
recipient outcome is unknown.

7

8

Innovations and breakthroughs

The primary purpose of this study was to assess the effect of DCD donor
risk conditions (age, hemodynamics prior to and after extubation, the use of
vasopressors or red blood cell transfusions, preoperative hemoglobin, and preoperative oxygen delivery) on development of hypoxic cholangiopathy (HC).
The secondary aim was to evaluate the different eras of donors to see if these
factors were predictive of recipient HC.

9
10

Applications

The present research indicates that cholangiopathy is linked to the
magnitude of hypoxemic, ischemic, and anemic hypoxia transpiring after life
support withdrawal and can be represented by a donor hypoxia score. The
authors recommend that the historically utilized nomenclature of ischemic
cholangiopathy be replaced using a more physiologic-based and expansive
term, hypoxic cholangiopathy. Easily measured donor indices, including a
hypoxia score, provide an objective measure of DCD liver transplantation risk
for recipient HC. Donor selection criteria influence HC rates.

11

Peer-review

13

12

The authors face with the serious complication of hypoxic colangiopathy after
liver transplantation using donors after circulatory death. In particular they
analyze the different factors responsible for HC. Even if retrospective the study
is well conducted with an excellent statistical analysis. In addition the study is
well written, updated and give the reader useful clinical informations.
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Abstract
AIM: To study the intrahepatic expression of hepatitis
B surface antigen (HBsAg) and hepatitis B core antigen
(HBcAg) in chronic hepatitis B patients with and without
hepatocellular carcinoma.
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METHODS: A total of 33 chronic hepatitis B patients
(mean age of 40.3 ± 2.5 years), comprising of 14
HBeAg positive and 19 HBeAg negative patients; and
13 patients with hepatitis B virus related hepatocellular
carcinoma (mean age of 49.6 ± 4.7 years), were
included in our study. Immunohistochemical staining
for HBcAg and HBsAg was done using standard
streptavidin-biotin-immunoperoxidase technique
on paraffin-embedded liver biopsies. The HBcAg
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and HBsAg staining distributions and patterns were
described according to a modified classification system.

INTRODUCTION
Hepatitis B virus (HBV) infection has a worldwide dis
[1,2]
tribution affecting more than 240 million individuals .
It accounts near to 1 million deaths annually through
complications such as liver failure and hepatocellular
[3,4]
carcinoma (HCC) . Clinical outcomes of HBV depend
on the interaction between viral and host-specific
factors.
Hepatitis B viral proteins include a structural
nucleocapsid core protein (HBcAg), an envelope
protein (HBsAg), and a soluble nucleocapsid protein
[5]
(HBeAg) . Serum HBeAg is a surrogate marker for
[6]
active hepatitis B virus replication in hepatocytes .
HBcAg is an intracellular antigen that is detectable
either in the nucleus or cytoplasm of HBV-infected
[7]
hepatocytes . There are reports that high nuclear
expression of HBcAg reflects high level of circulating
HBV DNA and normal alanine transaminases (ALT)
level as seen in the “immune tolerance phase” of
[8-10]
hepatitis B
. In contrast, the cytoplasmic expression
reflects a lower level of circulating HBV DNA, but
increased hepatocellular damage with higher ALT level
[11-13]
during the “immune clearance phase”
. A study
also suggested that the membranous expression of
[13]
HBsAg relates closely to active viral replication .
However, immunohistochemical expression of HBcAg,
HBsAg and its relationship to virological and histological
activities has been inconsistent and limited, especially
in HBeAg negative chronic hepatitis B and HBV related
[16,17]
HCC
. The lack of a standardized system to
describe the intrahepatic HBV antigen distribution may
[18]
contribute to the inconsistent findings .
In this study, we developed a modified classification
system that allows consistency in the description of
both the distributions and patterns of intrahepatic
HBcAg and HBsAg. We applied the classification
system to examine the HBcAg and HBsAg distributions
in tissues from patients with HBeAg positive (+ve)
and HBeAg negative (-ve) chronic hepatitis B (CHB).
Since patients with optimal HBV DNA suppression
on antiviral therapy are still at risk for HCC, we also
examined the patterns of HBcAg and HBsAg in tumor
and adjacent non-tumor tissues among HCC patients
with and without antiviral treatment.

RESULTS: Compared to the HBeAg negative patients,
the HBeAg positive patients were younger, had higher
mean HBV DNA and alanine transaminases levels. All
the HBeAg positive patients had intrahepatic HBcAg
staining; predominantly with “diffuse” distribution
(79%) and “mixed cytoplasmic/nuclear” pattern
(79%). In comparison, only 5% of the HBeAg-negative
patients had intrahepatic HBcAg staining. However,
the intrahepatic HBsAg staining has wider distribution
among the HBeAg negative patients, namely; majority
of the HBeAg negative cases had “patchy” HBsAg
distribution compared to “rare” distribution among the
HBeAg positive cases. All but one patient with HCC
were HBeAg negative with either undetectable HBV
DNA or very low level of viremia. Intrahepatic HBcAg
and HBsAg were seen in 13 (100%) and 10 (77%) of
the HCC patients respectively. Interestingly, among the
9 HCC patients on anti-viral therapy with suppressed
HBV DNA, HBcAg and HBsAg were detected in tumor
tissues but not the adjacent liver in 4 (44%) and 1
(11%) patient respectively.
CONCLUSION: Isolated intrahepatic HBcAg and HBsAg
can be present in tumors of patients with suppressed
HBV DNA on antiviral therapy; that may predispose
them to cancer development.
Key words: Hepatitis B virus; Chronic hepatitis B;
Hepatocellular carcinoma; Hepatitis B core antigen;
Hepatitis B surface antigen
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study described the distributions and
patterns of intrahepatic hepatitis B core antigen and
hepatitis B surface antigen (HBsAg) in patients with
chronic hepatitis B using a novel, modified classification
system. The HBeAg negative patients were found to
have intense HBsAg in liver tissues despite their lower
serum hepatitis B virus (HBV) DNA levels. For those
with hepatocellular carcinoma (HCC), we observed high
rate of HBV antigen detection in tumor tissues, but not
in adjacent non-tumor livers, especially among those
with optimal serum HBV DNA suppression. These data
support that HCC can be derived from clonal expansion
of infected hepatocytes with high carcinogenic
potentials and selective resistance to antiviral agents.

MATERIALS AND METHODS
Patients

Liver biopsies from a total of 33 patients with chronic
hepatitis B (CHB) and 13 patients with HBV-related
hepatocellular carcinoma were included in the study.
Fifty chronic hepatitis B cases were initially identified
from our recent pathology database. Patients with
HCV, HDV and HIV co-infection and inadequate
biopsy size (< 2 cm) were subsequently excluded.
Of the 33 HBsAg positive patients, 14 were HBeAg
positive and 19 were HBeAg negative. None of the

Safaie P, Poongkunran M, Kuang PP, Javaid A, Jacobs C,
Pohlmann R, Nasser I, Lau DT. Intrahepatic distribution
of hepatitis B virus antigens in patients with and without
hepatocellular carcinoma. World J Gastroenterol 2016;
22(12): 3404-3411 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i12/3404.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i12.3404

WJG|www.wjgnet.com

3405

March 28, 2016|Volume 22|Issue 12|

Safaie P et al . HBcAg and HBsAg patterns in liver
Table 1 Classification system for intrahepatic hepatitis B core antigen and hepatitis B surface antigen
HBcAg

HBsAg

Contiguous without skip zones
Either in clusters or single cells

Contiguous without skip zones
Either in clusters or single cells

Patchy

< 50% area with skip zones
Either in clusters or single cells

< 50% area with skip zones
Either in clusters or single cells

Rare

Occasional area of entire field
Either in clusters
or single cells

Occasional area of entire field
Either in clusters
or single cells

Pattern

-Nuclear
-Cytoplasmic

-Membranous
-Cytoplasmic

Distribution
Diffuse

HBcAg: Hepatitis B core antigen; HBsAg: Hepatitis B surface antigen.

CHB patients received antiviral or immunosuppressive
therapy prior to liver biopsy. The 13 HCC patients
were selected from our tumor clinic database. Patients
with HCV, HDV, and HIV coinfection were excluded.
Nine of the 13 (69%) HCC patients were on antiviral
therapy prior to the development of liver cancer. Our
liver pathologists reviewed histological scoring and
invasiveness of HCC on all these 46 cases consistently.
All patients’ demographic and clinical characteristics
were obtained from our electronic medical records
at Beth Israel Deaconess Medical Center (BIDMC),
Boston, Massachusetts, United States.

negative subjects. The gender distributions were
not different between the groups with Asian males
accounting for the majority of patients in both groups.
Mean HBV DNA and ALT levels were higher in the
HBeAg positive than the HBeAg negative patients.
However, the histological characteristics were not
different between the two groups. Over 90% of the
patients in each group had mild to moderate grade 1-2
inflammation. Advanced Stage 3-4 hepatic fibrosis was
present in 29% and 10% of the HBeAg positive and
negative patients respectively (Table 2).

Comparison of HBcAg/HBsAg immune-staining
characteristics in HBeAg-positive and HBeAg-negative
CHB

Liver pathology and immunohistochemical assays

The histological diagnosis was established using
hematoxylin and eosin (HE) staining and masson
trichrome stains of formalin fixed paraffin-embedded
liver tissue. Hepatic fibrosis was graded by our liver
histopathologists according to the Metavir system on a
5-point scale between 0 and 4.
HBeAg, anti-HBe, anti-HCV were tested by enzyme
immunoassay and HBV DNA quantification was per
formed using the Cobas Ampliprep/Cobas Taqman HBV
at the Molecular lab. Analysis of sections of paraffinembedded liver biopsies was performed using a
[7]
previously reported procedure .
Using standard streptavidin-biotin-immunoperoxidase
technique, immunohistochemical staining for HBcAg
[19]
and HBsAg was done in our laboratory at BIDMC.
Briefly, it involves 4 major steps: deparaffinization
of tissue, antigen retrieval, tissue permeabilization
and immunostaining. The distribution and patterns
of intrahepatic HBcAg and HBsAg was uniformly
recorded. We developed a clinically relevant, modified
classification system to analyze the HBsAg and HBeAg
patterns as shown in Table 1 and Figure 1.

Intrahepatic staining of HBcAg was seen in all 14
HBeAg positive patients with predominantly ‘diffuse’
distribution (79%) and “mixed cytoplasmic/nuclear”
pattern (79%). Among the 19 HBeAg-negative
patients, only one (5%) had positive intrahepatic
HBcAg. It was ‘rare’ with mixed cytoplasmic/nuclear
pattern. Intrahepatic HBsAg was seen in all the
patients irrespective of their HBeAg status and was
predominantly cytoplasmic (> 70%) in both groups.
HBeAg negative patients actually had stronger
intrahepatic HBsAg distributions. Majority (85%) of
the HBeAg negative cases had either diffuse or patchy
HBsAg distribution compared to 50% among the
HBeAg positive cases (Table 3).

Clinical features of patients with hepatocellular
carcinoma

All 13 patients (9 males and 4 females) were Asian
patients with age range between 25 and 69 years. All
but one patient were HBeAg negative. Eight of Twelve
(67%) HBeAg negative HCC patients had HBcAg in
their adjacent non-tumor tissues. This is in distinct
contrast to the HBeAg negative CHB patients without
cancer, where only 1/19 (5%) had positive HBcAg.
However, HBsAg in the adjacent non-tumor tissues
was less prevalent among patients with HCC (67%)
compared to the HBeAg negative CHB patients without

RESULTS
Characteristics of HBeAg-positive and HBeAg-negative
chronic hepatitis B patients

HBeAg positive patients were younger than the HBeAg
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A

B

D

C

E
Nuclear

Cytoplasmic

Membranous

Figure 1 Images of pathology slides illustrating the classification system for intrahepatic hepatitis B surface antigen and hepatitis B core antigen. A:
Diffuse distribution of HBsAg (× 2); B: Patchy distribution of HBcAg (× 2); C: Rare distribution of HBsAg (× 2); D: Cytoplasmic/nuclear pattern of HBcAg (× 20); E:
Membranous pattern of HBsAg (× 20).

Table 2 Clinical, virological, and histopathological
characteristics of patients with chronic hepatitis B n (%)
Variables
Mean age in years
Race
Asian
White
African/African American
Hispanic
Male: female, n
HBV DNA (IU/mL), mean
ALT (U/L), mean
Inflammatory grades
0
1-2
3-4
Fibrosis stage
0
1-2
3-4

HBeAg-positive
(n = 14)

HBeAg-negative
(n = 19)

38.5

42

13 (93)
1 (7)
0 (0)
0 (0)
11:3
28 million
124

10 (53)
1 (5)
7 (37)
1 (5)
13:6
7.3 million
33

0 (0)
13 (93)
1 (7)

1 (5)
18 (95)
0 (0)

3 (21)
7 (50)
4 (29)

10 (53)
7 (37)
2 (10)

Table 3 Immunochemical characteristics of hepatitis B core
antigen/hepatitis B surface antigen in hepatitis B envelop
antigen-positive and hepatitis B envelop antigen-negative
patients n (%)
Variables
Distribution,
Diffuse
Patchy
Rare
Pattern
Cytoplasmic (+)
Nuclear (+)
Mixed: Cyto/nuclear
Cytoplasmic (+)
Membranous (+)
Mixed: Cyto/memb

HBeAg-positive
(n = 14)

HBeAg-negative
(n = 19)

HBcAg
11 (79)
1 (7)
2 (14)

HBsAg
5 (36)
2 (14)
7 (50)

HBcAg
0 (0)
0 (0)
1 (5)

HBsAg
6 (32)
10 (53)
3 (15)

1 (7)
2 (14)
11 (79)
-

11 (79)
1 (7)
2 (14)

0 (0)
0 (0)
1 (5)
-

14 (74)
0 (0)
5 (26)

HBcAg: Hepatitis B core antigen; HBsAg: Hepatitis B surface antigen;
HBeAg: Hepatitis B envelop antigen.

cancer (100%) (Table 4).
Patients with HCC were further classified into
two groups based on whether they were on antiviral therapy prior to the diagnosis of HCC. All four
HCC patients who were not on anti-viral therapy
had invasive carcinoma and replicative serum HBV
DNA. In contrast, 8 of 9 (89%) patients on anti-viral
therapy had undetectable serum HBV DNA, and only 3
developed invasive carcinoma.

intrahepatic HBcAg was detected in all nine patients
in the treatment group. The majority had diffuse
distribution. Figure 2 illustrated diffuse HBcAg in both
tumor and adjacent tissue of a patient. Interestingly, 4
(44%) patients with suppressed serum HBV DNA were
found to have diffuse distribution of HBcAg only in the
tumor but not in the adjacent liver (representative
case shown in Figure 3). Intrahepatic HBsAg was
detected in seven of nine (78%) patients. The majority
had patchy distribution. Only one of the nine (11%)
patients had HBsAg detected in the tumor tissue alone
(Table 4).

Detection of HBV Antigens in HCC patients on
anti-viral therapy: Despite on antiviral therapy,

Detection of HBV Antigens in HCC patients not
on anti-viral therapy: Intrahepatic staining of HBcAg

CHB: Chronic hepatitis B; ALT: Alanine aminotransferase.
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Table 4 Features of hepatocellular carcinoma patients based
on the antiviral therapy status

Adjacent tissue:
HBcAg (+)

HCC group
HCC group on
anti-viral therapy on no therapy
(n = 4)
(n = 9)

Variables

Mean age ± SD, yr
Male: female
HBeAg negative
Undetectable HBV DNA
Cirrhosis
Invasive HCC
Tumor:
Well differentiation
Moderate differentiation
Intrahepatic HBcAg staining
(+) Only in tumor tissues
(+) Only in non-tumor tissues
(+) Both in tumor and non-tumor
tissues
Intrahepatic HBsAg staining
(+) Only in tumor tissues
(+) Only in non-tumor tissues
(+) Both in tumor and non-tumor
tissues

53.2 ± 8.5
7:2
8/9
8/9
4/9
3/9

46.5 ± 20.5
2:2
4/4
0/4
0/4
4/4

6/9
3/9

1/4
3/4

4/9
3/9
2/9

1/4
1/4
2/4

1/9
3/9
3/9

0/4
2/4
1/4

HCC: HBcAg (+)

Figure 2 Diffuse hepatitis B core antigen distribution of mixed
cytoplasmic, nuclear pattern in both tumor and adjacent non-tumor tissue
(× 10). HCC: Hepatocellular carcinoma; HBcAg: Hepatitis B core antigen.

SD: Standard deviation; HCC: Hepatocellular carcinoma; HBsAg:
Hepatitis B surface antigen; HBcAg: Hepatitis B core antigen; HBeAg:
Hepatitis B envelop antigen.

HCC: HBcAg (+)

was seen all four patients with only one having patchy
HBcAg present in the tumor tissue alone. Intrahepatic
HBsAg was detected in three of four patients with none
presenting only in the tumor tissue alone. Intrahepatic
staining of both HBcAg and HBsAg in tumor tissues
was seen only in one patient (Table 4).

Adjacent tissue:
HBcAg (-)

DISCUSSION
In this study, we sought to examine the intrahepatic
HBcAg and HBsAg distribution and patterns using a
standardized, modified classification system in patients
with chronic hepatitis B and in those with HBV-related
hepatocellular carcinoma.
HBeAg that is considered to be a marker of HBV
replication and infectivity; is usually associated with
[5,20]
high levels of serum HBV DNA
. In our study,
we found HBeAg positive patients to be younger,
had higher serum levels of HBV DNA and ALT when
compared to the HBeAg negative patients. These
observations are in concordance with previous
[21-23]
reports
.
The presence of intrahepatic HBcAg in 100% of
our HBeAg positive subjects with high level of viremia
confirm the previous studies that the presence of
HBcAg in hepatocytes serves as as a marker of
[24,25]
viral replication
. The prevalence of intrahepatic
HBcAg expression in HBeAg negative patients has
been inconsistent and was reported between 0% and
[26-31]
90%
. In our current study, we detected HBcAg in
only 5% of the HBeAg negative patients. Even though
intrahepatic HBcAg expression was infrequent in

WJG|www.wjgnet.com

Figure 3 Diffuse hepatitis B core antigen distribution of mixed
cytoplasmic, nuclear pattern in tumor tissue alone but not in adjacent
non-tumor tissue (× 10). HCC: Hepatocellular carcinoma; HBcAg: Hepatitis B
core antigen.

HBeAg negative CHB, its absence cannot exclude the
[18]
presence of modest levels of HBV replication .
The mixed cytoplasmic/nuclear pattern of HBcAg
staining in the majority of our HBeAg-positive patients
correlates positively with the diffuse HBcAg distribution
and high HBV DNA levels. These results are consistent
[7,8,13]
with previous reports
. Among HBeAg-negative
patients, only one had positive but rare distribution
intrahepatic HBcAg. These results are consistent with
previous reports that higher level of viral replication
(or serum HBV DNA) is associated with diffuse dis
tribution and mixed cytoplasmic/nuclear pattern of
[7,8,11,13,18,24,30]
HBcAg
.
In contrast to HBcAg, all patients had positive
intrahepatic HBsAg regardless of their HBeAg status,
and its distribution did not correlate with HBV DNA
levels. In fact, HBeAg negative patients had more
intense intrahepatic HBsAg distributions. These findings
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are consistent with the hypothesis that the increased
accumulation of intracellular HBsAg during inactive viral
replication is secondary to the diminished synthesis of
[32,33]
HBcAg and, therefore, reduced export of HBsAg
.
Both HBeAg positive and negative patients had
predominantly cytoplasmic HBsAg pattern regardless
of their serum HBV DNA levels. In the literature, either
cytoplasmic or membranous expression of HBsAg
[7,28]
had been associated with active viral replication
.
We could not comment on the isolated membranous
pattern for the majority of our patients had either
cytoplasmic or mixed cytoplasmic, membranous HBsAg
pattern.
HBcAg expressions have been thought to induce
liver necroinflammation through HBV specific and nonspecific T cells. Previous studies indicated that patients
with predominantly nuclear expression of HBcAg had
lower hepatocellular damage compared to those with
[21,22,34]
predominantly cytoplasmic expression
. Studies
from European and Asian population, however, reported
no significant correlation between the patterns of
[35-40]
HBcAg, HBsAg and hepatic injury
. Similarly, our
study did not find a relationship between intrahepatic
HBV antigen expression and histological activity in
chronic hepatitis B. These inconsistent results may
signify the complex interactions between the host and
the hepatitis B virus.
Chronic hepatitis B is a major cause of hepatocellular
carcinoma (HCC) globally. Its risk factors include
advanced age, male sex, HBV genotype, longer
duration of infection, higher viral load, elevated
[41,42]
ALT, presence of cirrhosis and co-infections
. It
is known that the cumulative risk of HCC persists
after the clearance of HBV DNA, HBeAg and HBsAg
[43-45]
in CHB
. In this study, HCC patients were older
(mean age, 49.6 ± 4.7 years) compared to those
with chronic hepatitis B. The majority (92%) of our
HCC patients were HBeAg negative, had undetectable
HBV DNA on antiviral therapy and only 23% had
underlying cirrhosis. These observations provided
further evidence that HCC risk persists despite
HBeAg seroclearance and optimal serum HBV DNA
suppression. Detailed studies on the intrahepatic HBV
antigens in HCC patients are limited. We detected
intrahepatic HBcAg and HBsAg in 100% and 77%
of our HCC patients respectively in spite of their
undetectable serum HBV DNA and HBeAg negative
status. These findings strongly suggest that HBV
replication in HCC occurs more commonly than
[16,46-48]
previously perceived by other studies
. Suzuki
[48]
et al
reported 11.6/4.2% HBsAg/HBcAg in HCC
and the highest reported was from Hsc et al and
coworkers around 32/14.7% respectively.
To our knowledge, this is the first study to describe
the distribution or patterns of HBV-associated antigens
in HCC patients based on treatment status. Perhaps
the most significant observation in our study is the
high rate of HBV antigen detection in tumor tissue
alone, but not in adjacent non-tumor liver, among
those with optimal HBV DNA suppression. We identified

WJG|www.wjgnet.com

five of 9 (56%) of HCC patients with either HBcAg or
HBsAg present only in tumor tissues despite prolonged
nucleoside analogue treatment. These data may imply
that these tumors were derived from clonal expansion
of infected hepatocytes with high rate of proliferation,
carcinogenic potentials and selective resistance to
[49,50]
antiviral agents
. Our findings also support the
possible mechanisms of HBV-induced carcinogenesis
secondary to HBV DNA integration into host genome
leading to potential activation of oncogenes and
induction of genetic instability. For instance, protein
HBx is reported to be involved in activation of nume
rous signaling pathways and cellular promoters and to
[51,52]
host DNA mutations
.
This study, while providing new observations on
the potential mechanisms of HCC development, has
a number of limitations. It is a retrospective study
with especially patients with HCC referred from other
health centers. Hence, details about other potential
confounding factors of tumor development such as
alcoholism and other environmental exposure were
unavailable for the analyses. Lastly, the enrolled
subjects are mostly Asians, and hence our findings
should be confirmed with other populations.
In conclusion, the presence of intrahepatic HBcAg
is associated with HBeAg positive status. Hepatocyte
expression of diffuse, mixed (cytoplasmic/nuclear)
expression of HBcAg correlates with serum HBV DNA
levels, but not with the histological activity. Intrahepatic
HBsAg was detected in all chronic hepatitis B patients
regardless of their HBeAg status or levels of viremia.
While intrahepatic HBcAg is rarely detectable in HBeAg
negative chronic HBV patients, majority of the HBeAg
negative patients with hepatocellular carcinoma had
positive HBcAg even with optimal viral suppression.
The presence of either HBcAg or HBsAg within tumor
tissues of HCC patients on treatment may indicate that
these tumors were derived from clonal expansion of
infected hepatocytes with high carcinogenic potentials
and drug resistance.
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The authors developed a modified classification system to standardize the
reporting of the intrahepatic distributions and patterns of HBcAg and HBsAg.
The authors discovered distinct differences in the distributions of these
antigens in HBeAg positive and HBeAg negative chronic hepatitis B patients.
Interestingly, authors observed variable HBV antigen expressions in the tumor
tissues. These results provided insights into the potential mechanisms of
disease persistence and carcinogenesis.
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These findings open up new research study to confirm that these liver cancers
were derived from clonal expansion of infected hepatocytes with high rate of
proliferation, carcinogenic potentials and selective resistance to antiviral agents.
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Terminology

16

Immunohistochemical staining of liver tissues: it applies standard streptavidinbiotin-immunoperoxidase technique to identify the various proteins in the liver.
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Abstract
AIM: To analyze differences in patients’ clinical course,
we compared two regimes of either preemptive therapy
or prophylaxis after liver transplantation.

Institutional review board statement: This study was
reviewed and approved by the institutional review board of the
University of Leipzig, Germany.

METHODS: This retrospective study was reviewed
and approved by the institutional review board of
the University of Leipzig. Cytomegalovirus (CMV)
prophylaxis with valganciclovir hydrochloride for liver
transplant recipients was replaced by a preemptive
strategy in October 2009. We retrospectively compared
liver transplant recipients 2 years before and after
October 2009. During the first period, all patients
received valganciclovir daily. During the second period
all patients included in the analysis were treated
following a preemptive strategy. Outcomes included
one year survival and therapeutic intervention due to
CMV viremia or infection.

Informed consent statement: The institutional review board of
the University of Leipzig waived the need for informed consent
due to the strongly retrospective and observational nature of the
study.
Conflict-of-interest statement: On behalf of all authors, the
corresponding author states that there is no conflict of interest.
Data sharing statement: 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: Between 2007 and 2010 n = 226 patients
underwent liver transplantation in our center. n =
+
55 patients were D /R high risk recipients and were
excluded from further analysis. A further 43 patients
had to be excluded since CMV prophylaxis/preemptive
strategy was not followed although there was no
clinical reason for the deviation. Of the remaining
128 patients whose data were analyzed, 60 received
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prophylaxis and 68 were treated following a preemptive
strategy. The difference in overall mortality was not
significant, nor was it significant for one-year mortality
where it was 10% (95%CI: 8%-28%, P = 0.31) higher
for the preemptive group. No significant differences in
blood count abnormalities or the incidence of sepsis
and infections were observed other than CMV. In
total, 19 patients (14.7%) received ganciclovir due
to CMV viremia and/or infections. Patients who were
treated according to the preemptive algorithm had a
significantly higher rate risk of therapeutic intervention
with ganciclovir [n = 16 (23.5%) vs n = 3 (4.9%), P =
0.003)].

incidence and the severity of CMV infections. However,
appropriate substances for prophylaxis have major
side effects including myelodepression. Therefore,
preemptive therapy has been proposed as an alternative
[1,5-7]
regimen
. Preemptive therapy aims at suppressing
viral replication after detection of CMV viremia, but
prior to the onset of clinical symptoms. Antiviral therapy
is then initiated in order to prevent clinically relevant
[8-13]
infections
. However, to date, there is no strong
clinical evidence indicating superiority of one regimen in
liver transplant recipients over the other. To accumulate
more evidence on the clinical course in patients after
liver transplantation, we used retrospective data to
compare preemptive therapy to prophylaxis during the
liver transplantation program of the university hospital
of Leipzig.

CONCLUSION: These data suggest that CMV prophylaxis
is superior to a preemptive strategy in patients undergoing
liver transplantation.
Key words: Transplantation; Liver; Cytomegalovirus;
Preemptive; Prophylaxis; Valganciclovir; Therapy

MATERIALS AND METHODS
The study was approved by the Institutional Review Board
of the university of Leipzig (No. 122-12-16042012).
Prophylaxis with valganciclovir hydrochloride had
been the standard treatment for liver transplant recipients
in our center irrespective of their CMV serological status.
Since patients presented with serious side effects
including pancytopenia, prophylaxis was replaced by
a preemptive strategy in October 2009. To assess
differences in safety and efficacy of the two regimens,
we retrospectively compared all liver transplant
recipients two years before and after October 2009
during hospital stay after liver transplantation. Data
on mortality was collected up to one year after
transplantation. All patients treated according to the
prophylaxis regimen received 450mg valganciclovir
twice daily. If necessary doses were adapted to
renal function. For patients treated after October
2009, only high-risk seronegative recipients, who
+
received an organ from a seropositive donor (D /R ),
+
received prophylaxis and therefore all D /R patients
in both groups were excluded from analysis. For both
regimens, CMV polymerase chain reaction (PCR) was
performed twice weekly. When PCR was positive, all
patients in both groups were treated with ganciclovir
for at least 14 d, whether or not there were clinical
symptoms.
The data collected included baseline data, antibody
patterns against CMV for donor and recipients (D/R),
viremia during the intensive care unit (ICU) stay and
occurrence of CMV infections. Furthermore, occurrence
of sepsis, thrombocytopenia [platelet count < 50 giga
particles (GPT)/L], leukocytopenia (white blood cells
< 4 GPT/L) and anemia (hematocrit < 30%) starting
72 h after ICU admission was documented. LabMELD
(Model of end stage liver disease) score was calculated
for each patient on the day of transplantation. All MELD
points were calculated retrospectively using validated
laboratory data. Mortality data were collected during
initial hospital stay and at day 28, day 90 and 1 year
after transplantation. All patients received the same

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

Core tip: This retrospective study compares a preemptive
therapy to prophylaxis for cytomegalovirus (CMV)
infection in 128 patients after liver transplantation (LTx).
CMV infections are frequent and increase morbidity
and mortality so that preventive strategies are routine
procedures. The one-year mortality did not differ
significantly between the preemptive (n = 68) and
prophylaxis (n = 60) groups, though it was 10%
(95%CI: 8%-28%, P = 0.31) higher for the former.
Preemptive patients had a significantly higher rate
of intervention with ganciclovir (23.5% vs 4.9%, P
= 0.003). Our data suggest that CMV prophylaxis is
superior to a preemptive strategy after LTx.
Simon P, Sasse M, Laudi S, Petroff D, Bartels M, Kaisers UX,
Bercker S. Two strategies for prevention of cytomegalovirus
infections after liver transplantation. World J Gastroenterol 2016;
22(12): 3412-3417 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i12/3412.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i12.3412

INTRODUCTION
Patients who undergo immunosuppressive therapy
after solid organ transplantation are at higher risk for
opportunistic bacterial, fungal, and viral infections.
Infections with cytomegalovirus (CMV) are frequent and
have been shown to increase morbidity and mortality in
[1]
particular shortly after transplantation . Estimates for
the incidence of CMV infections after liver transplantation
[1-3]
(LTx) range from 22% to 29% . Therefore, strategies
for preventing CMV infections are a routine proce
[4]
dure after solid organ transplantation . Prophylaxis
with antiviral substances leads to a reduction in the
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Age (yr)
Sex
Male
Female
Weight (kg)
SOFA
APACHE II
Lab. MELD at
Transplantation
CMV-status D/R
-/-/+
+/+
+/-

All
(n = 128)

Prophylaxis
(n = 60)

Preemptive
therapy
(n = 68)

P value

54 ± 10

52 ± 12

56 ± 8.5

0.04

90 (70)
38 (30)
80 ± 16
9.1 ± 4.0
14.2 ± 6.7
18.5 ± 9.4

42 (70)
18 (30)
81 ± 13
8.8 ± 3.8
13.3 ± 5.5
18.8 ± 8.8

48 (71)
20 (29)
79 ± 19
9.4 ± 4.3
15.0 ± 7.5
18.2 ± 9.9

1.00

Survival probablity (%)

Table 1 Patient demographics n (%)

0.52
0.34
0.13
0.73

19 (17)
33 (29)
60 (54)
Excluded

5 (10)
16 (33)
28 (57)

60

P value = 0.32

40
Number at risk
20

60

46

43

43

42

68

49

44

42

40

0

3

6

9

12

t /mo

14 (22)
17 (27)
32 (51)

Figure 1 Survival curve. Mortality did not differ significantly between the
groups.

Data are expressed as mean ± SD or n (%). Complete CMV-status was
unavailable for 16 patients, but was known not to be +/-. D/R: Donor/
receptor; CMV: Cytomegalovirus; Lab.MELD: Model of end stage liver
disease.

excluded since CMV prophylaxis/preemptive strategy
was not followed although there was no clinical reason
for the deviation. These 43 patients do not differ
markedly from the remainder with respect to sex, age
or labMELD. Of the remaining 128 patients whose data
were analyzed, 60 received prophylaxis and 68 were
treated following a preemptive strategy.
Mean age of all analyzed patients was 54 ± 10
years, 90 patients were male and 38 were female (Table
1). The mean labMELD score before transplantation
was 18.5 ± 9.4. At day 1 after transplantation patients
had a mean APACHE Ⅱ (Acute Physiology And Chronic
Health Evaluation Ⅱ) score of 14.2 ± 6.7 and a SOFA
(simplified organ failure assessment) of 9.1 ± 4.0.
Mortality did not differ significantly between the
groups (Figure 1). At one year, the mortality was
18/60 (30%, 95%CI: 20%-43%) for the prophylaxis
strategy and 27/67 (40%, 95%CI: 29%-52%) for
the preemptive strategy, where one censored case
accounts for the denominator of 67 instead of 68
patients. However, this difference did not reach
significance (P = 0.31).
There was a nonhomogeneous distribution of
donors and recipients serologic CMV patterns in our
series, which was not significant. We found 22% D /R
in the preemptive group compared with 10% in the
prophylaxis group (Table 1).
There were no significant differences in blood count
abnormalities or the incidence of sepsis and infections
other than CMV (Table 2). In total 19 patients (15%)
received ganciclovir due to CMV viremia and/or
infections. The therapy started 29 ± 20 d after
transplantation on average and lasted for a mean of
18 ± 12 d. Patients who were treated according to the
preemptive algorithm had a significantly higher rate
risk of therapeutic intervention with ganciclovir [n =
16 (24%) vs n = 3 (5%), P = 0.005]. From these 19
patients 16 patients (84.0%) had clinical symptoms
allegeable by CMV in context of the viremia [prophylaxis
n = 2 (12.5%), preemptive therapy n = 14 (87.5%)].

standard immunosuppression with mycophenolate
mofetil, steroids (tapered within 8 wk) and tacrolimus
(days 1-14 FK506 level 10 ng/mL, days 15-28 8 ng/
mL and continuing with 5 ng/mL). In the event of
severe infection or side effects, immunosuppressive
therapy was chosen by the physicians on an individual
basis.

Statistical analysis

Data were collected in an Excel 2010 spreadsheet
(Microsoft Corp., Redmond, United States). Statistical
analysis was performed using SPSS Statistics 20.0
(SPSS GmbH Software, Munich, Germany) and R
version 3.1.0. (R Foundation for Statistical Computing,
Vienna, Austria). Survival analyses were performed
using a log-rank test with the R package “survival”.
Categorical data are expressed as absolute or relative
2
frequencies and the χ or Fisher’s exact test was used
for inferential statistics depending on the number of
expected counts. The confidence interval for differences
in proportions makes use of a Wilson confidence
interval. Continuous data or categorical ones with fewer
than six levels are expressed as mean and standard
deviation and a t-test was used for comparing groups.
If categorical data has five or fewer levels, then median
and interquartile range are presented and differences
between groups are compared using the WilcoxonMann-Whitney U test. A P value of less 0.05 was
considered to be statistically significant.

RESULTS
Between 2007 and 2010 n = 226 patients underwent
liver transplantation in our center. n = 55 patients
+
were D /R high risk recipients and were excluded
from further analysis. A further 43 patients had to be
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most centers tend to use prophylaxis at least in high[16]
risk patients .
All told, there is no strong evidence from randomized
studies indicating which of the two strategies is
superior after liver transplantation. Accordingly, several
authors consider both treatment options to be similarly
[8,11,12,20-22]
effective
.
Positive effects of a preemptive strategy can be the
reduction of side effects and costs. When compared to
no preventive strategy at all, preemptive therapy leads
to less graft rejection and may improve CMV specific
cell-mediated immunity and lead to a decreased risk of
[11,13,23]
late CMV infections
. On the other hand, the use
of prophylactic strategies has been shown to reduce
mortality, the incidence of graft loss and opportunistic
[24]
[25]
viral , bacterial or fungal infections . Otherwise,
prophylaxis increases the risk of drug-resistance and
[26]
the incidence of late-onset CMV disease .
The incidence of CMV infection varies depending
[19,27,28]
upon donor and/or recipient serological status
.
[25]
Hodson et al
suggested in a systematic review
of randomized trials, that CMV infections are more
frequently in sero-negative patients and current
guidelines suggest antiviral prophylaxis at least in
+
[29,30]
D /R patients
. In the presented study, these
patients have been excluded from analysis. There is
an imbalance of sero-negative patients between the
two groups in our study (Table 1) and following the
above argument, one might have supposed that the
prophylaxis group was at higher risk of infection. It
turns out that none of the 19 sero-negative patients in
the study had CMV viremia/infection, however, so that
this could not have contributed to our findings.
The presented retrospective study of consecutive
treatment groups has limitations. Due to the retro
spective character and lack of randomization, a
variety of factors such as slight changes in therapeutic
regimens over-time may have influenced results. On
the other hand, we demonstrated that groups did not
differ concerning demographic baseline data, severity
of liver failure or severity of disease at admission, and
therefore suggest that our results strongly support
the hypothesis that the higher incidence of CMV
viremia was mainly influenced by the introduction of
a preemptive strategy. Attributing clinical symptoms
such as diarrhea or elevation of liver enzymes in the
early course after LTX to CMV remains uncertain as
there are a broad variety of possible causes. However,
we suggest that our results support the hypothesis
that prophylaxis is more effective in preventing CMV
viremia and infection even in patients with low or mid
risk for CMV infection. In conclusion, we demonstrated
a significantly lower rate of CMV viremia/infection with
prophylaxis when compared to a preemptive strategy.
Our data indicate that prophylaxis might be superior
to a preemptive strategy. To confirm this hypothesis,
randomized prospective trials in liver transplant
recipients are needed.

Table 2 Infection/blood count abnormalities n (%)
All
Prophylaxis
(n = 128) (n = 60)
Re - LTx
Infection
Sepsis
Thrombocytopenia
(PLT < 50 Gpt/L;
> 72 h post-LTx
Leukocytopenia
(WBC < 4 Gpt/L;
> 72 h post-LTx)
Anaemia
(Hct < 30%;
> 72 h post-LTx)

Preemptive
therapy
(n = 68)

P value

17 (13)
86 (71)
63 (52)
69 (57)

10 (17)
40 (69)
30 (52)
32 (55)

7 (10)
46 (72)
33 (52)
37 (58)

0.31
0.84
1.00
0.86

38 (31)

15 (26)

23 (36)

0.25

114 (93)

54 (93)

60 (94)

1.00

GPT: Giga particles; LTx: Liver transplantation; PLT: Platelet count; WBC:
White blood cells; Hct: Haematocrit.

DISCUSSION
We retrospectively compared the effects of a
preemptive and a prophylactic strategy to prevent
CMV infections during the early phase after liver trans
plantation. We could demonstrate that a preemptive
strategy was associated with significantly more
episodes of CMV viremia/infections in patients with
mid/low risk without evidence for more side effects of
the antiviral substances.
Recommendations for prevention of CMV infections
in solid organ transplantation are heterogeneous
and rather difficult to interpret. There are a few
prospective randomized studies comparing both
regimens after kidney transplantation. Kliem et
[15]
al
demonstrated that prophylaxis reduced the
incidence of CMV infections by 65% and the authors
suggest that prophylaxis might improve long-term
graft survival and recommend limiting preemptive
strategies to low-risk patients. In a series of 296
kidney transplant patients, there was a reduction of
CMV infections by 28 percentage points in the group
who received prophylactic therapy (38.7% vs 11%,
[16]
[17]
P < 0.0001) . On the other hand, Reischig et al
[18]
and Khoury et al
found a similar incidence of CMV
infections in both groups (6% vs 9%, P = 0.567) and
therefore suggested a comparable efficacy of both
[19]
strategies. Gerna et al
performed a controlled,
randomized, open-label study in 21 children after liver
transplantation and did not report any CMV disease,
irrespective of the procedure. A recent Cochrane
analysis concluded that data is not yet sufficient to
recommend one strategy over the other prophylaxis or
[14]
preemptive strategies .
For adult liver transplant recipients, data from
randomized studies are not available. In clinical practice
there is a broad variety of strategies concerning the
selection of substances, the timing and the duration of
either prophylaxis or preemptive strategies. However,
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COMMENTS
COMMENTS
Background

Patients after solid organ transplantation who undergo immunosuppressive
therapy are at higher risk for infections with cytomegalovirus. They are
frequent and have been shown to increase morbidity and mortality, particularly
during the early stages after liver transplantation. Therefore, strategies for
preventing cytomegalovirus (CMV) infections are a routine procedure after
liver transplantation. Prophylaxis with antiviral substances leads to a reduction
in the incidence and the severity of CMV infections. Preemptive therapy aims
at suppression of viral replication after detection of CMV viremia and prior to
the onset of clinical symptoms. The authors compared preemptive therapy to
prophylaxis during the liver transplantation program of the university hospital
of Leipzig to analyze differences in the clinical course in patients after liver
transplantation.

7

8

9

Research frontiers

There is no strong evidence from randomized studies demonstrating which
of the strategies is superior after liver transplantation. Accordingly, several
authors consider both treatment options to be similarly effective. The authors
demonstrated a significantly lower rate of CMV viremia/infection using
prophylaxis when compared to a preemptive strategy. The data indicate that
prophylaxis might be superior to a preemptive strategy.

10

11

Innovations and breakthroughs

Current study found a lower incidence of CMV viremia/infection with prophylaxis
compared to a preemptive strategy without significant differences in blood count
abnormalities or the incidence of infections and differences in mortality at any
time. These data indicate that prophylaxis might be superior to a preemptive
strategy.

12

Applications

13

Peer-review

14

The data indicate that prophylaxis might be superior to a preemptive strategy.
To confirm this hypothesis randomized prospective trials in liver transplant
recipients are needed.

The topic has a great interest given the lack of studies in this field in liver
transplant recipients. Nevertheless the higher rate of seronegative patients in
the pre-emptive group could explain the higher rate of infections in this group.
It would be interesting to include some data regarding duration of treatment in
both groups and regarding the specific period of time after transplant in which
the CMV infection occurred (early infection vs late infection).
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combined with peginterferon alfa-2a/ribavirin (pegIFN/
RBV), in treatment-naive hepatitis C virus (HCV) genotype
(GT) 1-infected patients.

Clinical trial registration statement: This study is registered at
clinicaltrials.gov, registration number NCT01492426.
Informed consent statement: All patients provided informed
written consent prior to study enrollment.

METHODS: In this phase 3, randomized, open-label,
noninferiority study, 602 patients were randomly
assigned (2:1) to daclatasvir vs telaprevir, stratified
by IL28B rs12979860 host genotype (CC vs non-CC),
cirrhosis status (compensated cirrhosis vs no cirrhosis),
and HCV GT1 subtype (GT1a vs GT1b). Patients were
selected by study inclusion criteria from a total of
793 enrolled patients. Patients received daclatasvir
60 mg once daily or telaprevir 750 mg 3 times daily
plus pegIFN/RBV. Daclatasvir recipients received 24
wk of daclatasvir plus pegIFN/RBV; those without an
extended rapid virologic response (eRVR; undetectable
HCV-RNA at weeks 4 and 12) received an additional 24
wk of pegIFN/RBV. Telaprevir-treated patients received
12 wk of telaprevir plus pegIFN/RBV followed by 12
(with eRVR) or 36 (no eRVR) wk of pegIFN/RBV. The
primary objective was to compare for noninferiority
of sustained virologic response rates at posttreatment
week 12 (SVR12) in GT1b-infected patients. Key
secondary objectives were to demonstrate that the
rates of anemia (hemoglobin < 10 g/dL) and rashrelated events, through week 12, were lower with
daclatasvir + pegIFN/RBV than with telaprevir +
pegIFN/RBV among GT1b-infected patients. Resis
tance testing was performed using population-based
sequencing of the NS5A region for all patients at
baseline, and for patients with virologic failure or
relapse and HCV-RNA ≥ 1000 IU/mL, to investigate
any link between NS5A polymorphisms associated with
daclatasvir resistance and virologic outcome.
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RESULTS: Patient demographics and disease charac
teristics were generally balanced across treatment arms;
however, there was a higher proportion of black/African
Americans in the daclatasvir groups (6.0% and 8.2%
in the GT1b and GT1a groups, respectively) than in
the telaprevir groups (2.2% and 3.0%). Among GT1binfected patients, daclatasvir plus pegIFN/RBV was
noninferior to telaprevir plus pegIFN/RBV for SVR12
[85% (228/268) vs 81% (109/134); difference, 4.3%
(95%CI: -3.3% to 11.9%)]. Anemia (hemoglobin < 10
g/dL) was significantly less frequent with daclatasvir
than with telaprevir [difference, -29.1% (95%CI:
-38.8% to -19.4%)]. Rash-related events were also
less common with daclatasvir than with telaprevir, but
the difference was not statistically significant. In GT1ainfected patients, SVR12 was 64.9% with daclatasvir
and 69.7% with telaprevir. Among both daclatasvir
and telaprevir treatment groups, across GT1b- or
GT1a-infected patients, lower response rates were
observed in patients with IL28B non-CC and cirrhosis
- factors known to affect response to pegIFN/RBV.
Consistent with these observations, a multivariate
logistic regression analysis in GT1b-infected patients
demonstrated that SVR12 was associated with
IL28B host genotype (CC vs non-CC, P = 0.011) and
cirrhosis status (absent vs present, P = 0.031). NS5A
polymorphisms associated with daclatasvir resistance
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Abstract
AIM: To evaluate daclatasvir vs telaprevir, each
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(at L28, R30, L31, or Y93) were observed in 17.3% of
GT1b-infected patients at baseline; such variants did
not appear to be absolute predictors of failure since
72.1% of these patients achieved SVR12 compared
with 86.9% without these polymorphisms. Among
GT1b-infected patients, treatment was completed by
85.4% (229/268) in the daclatasvir group, and by
85.1% (114/134) in the telaprevir group, and among
GT1a-infected patients, by 67.2% (90/134) and 69.7%
(46/66), respectively. Discontinuations (of all 3 agents)
due to an AE were more frequent with telaprevir than
with daclatasvir, whereas discontinuations due to lack
of efficacy were more frequent with daclatasvir, due, in
part, to differences in futility criteria.

130-150 million people globally and is a major cause of
[1]
cirrhosis and hepatocellular carcinoma . Of the 7 HCV
[2]
genotypes (GTs) identified , GT1 is the most prevalent
worldwide, and accounts for 75% of all infections in
[3]
the United States (US) . GT1 can be classified into
the two main subtypes GT1a and GT1b, of which GT1b
is the most common worldwide, predominating in
Europe, Japan, and China; in the US 36% of all GT1
[4]
infections are subtype 1b .
Peginterferon alfa plus ribavirin (pegIFN/RBV)
has traditionally been used to treat HCV. However,
this regimen achieves only limited sustained virologic
[5,6]
response (SVR) rates of 40%-50%
and is associated
[7]
with a high frequency of adverse events (AEs) .
Although pegIFN/RBV-based therapies continue to
[8]
be the standard of care in some countries , HCV
treatment has evolved toward direct-acting antiviral
[5,6]
agents (DAAs) that target specific viral proteins ,
with the first all-oral combinations for GT1 recently
[9-15]
approved in Japan, Europe, the US, and Canada
.
Combinations of pegIFN/RBV with one of the
NS3/4A protease inhibitors boceprevir or telaprevir
were the first DAA-based regimens approved and at
the time of study design, the standard-of-care for
GT1-infected patients. With telaprevir plus pegIFN/
RBV, SVR rates increased from < 50% with pegIFN/
RBV alone to 72%-75% in GT1-infected, treatment[16-18]
naive patients
. However, skin rash and anemia
are frequent, and sometimes severe, adverse events
[16-19]
(AEs) observed with telaprevir
. In patients
treated with telaprevir plus pegIFN/RBV, rash has
been reported in 35%-37% of patients (compared
with 24% with pegIFN/RBV), necessitating premature
discontinuation of telaprevir in 7% of patients, and
anemia in 37%-42% (compared with 19% with
[16-18]
pegIFN/RBV)
. Combinations of pegIFN/RBV
with more recent DAAs, such as the NS5B inhibitor
sofosbuvir or the NS3/4A protease inhibitor simeprevir,
achieved SVR rates of 80%-90% and demonstrated
a more favorable safety profile than telaprevir plus
[20-22]
pegIFN/RBV
. Telaprevir plus pegIFN/RBV has
been compared with simeprevir plus pegIFN/RBV
[23]
in treatment-experienced GT1-infected patients ;
however, for treatment-naive patients, no direct
comparison of telaprevir vs a non-protease inhibitor
DAA has been performed to date.
Daclatasvir is a potent, once-daily, pangenotypic
[24,25]
NS5A inhibitor
that has been studied and shown
to be well-tolerated in > 13000 patients. In phase 2
trials in treatment-naive patients infected with GT1-4,
daclatasvir + pegIFN/RBV demonstrated greater
[26,27]
efficacy than pegIFN/RBV alone
. In GT1-infected
patients, daclatasvir plus pegIFN/RBV achieved SVR
at posttreatment week 24 (SVR24) rates of 60%
compared with 38% with pegIFN/RBV; response rates
were consistently higher in patients with GT1b (77%)
[27]
than in those with GT1a (55%) , a finding that has
also been observed with other DAA + pegIFN/RBV

CONCLUSION: Daclatasvir plus pegIFN/RBV demons
trated noninferiority to telaprevir plus pegIFN/RBV for
SVR12 and was well-tolerated in treatment-naive GT1binfected patients, supporting the use of daclatasvir with
other direct-acting antivirals.
Key words: Direct-acting antiviral; Chronic hepatitis C;
Daclatasvir; Genotype 1b; NS5A inhibitor; Liver disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This phase 3 study describes the first
prospective comparison of an NS5A inhibitor and an
NS3/4A protease inhibitor in peginterferon-based
regimens. Combinations of peginterferon alfa-2a/
ribavirin (pegIFN/RBV) with boceprevir or telaprevir
were the standard-of-care for genotype (GT) 1-infected
patients at the time of study design. In treatment-naive
GT1b-infected patients, daclatasvir (NS5A inhibitor) plus
pegIFN/RBV achieved a sustained virologic response
at posttreatment week 12 (SVR12) of 85% and
demonstrated noninferiority to telaprevir plus pegIFN/
RBV showing 81% SVR12. Daclatasvir plus pegIFN/RBV
was well-tolerated, with a superior safety profile for
anemia compared with telaprevir plus pegIFN/RBV.
These results support the ongoing investigation of
daclatasvir in all-oral combinations in multiple patient
populations.
Jacobson I, Zeuzem S, Flisiak R, Knysz B, Lueth S, ZarebskaMichaluk D, Janczewska E, Ferenci P, Diago M, Zignego AL,
Safadi R, Baruch Y, Abdurakhmanov D, Shafran S, Thabut D,
Bruck R, Gadano A, Thompson AJ, Kopit J, McPhee F, Michener
T, Hughes EA, Yin PD, Noviello S. Daclatasvir vs telaprevir
plus peginterferon alfa/ribavirin for hepatitis C virus genotype 1.
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INTRODUCTION
Chronic infection with hepatitis C virus (HCV) affects
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[16,21,28]

combinations
. Daclatasvir-containing pegIFNfree regimens are approved for treatment of chronic
HCV infection in a number of countries: daclatasvir
plus asunaprevir (ASV, NS3 inhibitor) was approved
[9]
as the first all-oral treatment for GT1 in Japan , and
daclatasvir plus sofosbuvir (with or without ribavirin)
[10]
is approved in Europe for GT1, 3, and 4 , and
[29]
in Canada for GT1, 2, and 3 . Daclatasvir is also
approved in the US, indicated in combination with
sofosbuvir for the treatment of chronic HCV GT3
[30]
infection .
This phase 3 COMMAND-3 study compared the
safety and efficacy of daclatasvir, an NS5A inhibitor,
with that of telaprevir, a protease inhibitor, each in
combination with pegIFN/RBV, in treatment-naive
patients with GT1 infection, with a focus on GT1binfected patients.

at week 2 of therapy]; (2) week 12 HCV-RNA >
1000 IU/mL; or (3) week 24 HCV-RNA ≥ LLOQ. In
the telaprevir group, treatment futility was defined
per prescribing information as week 4 or 12 HCVRNA > 1000 IU/mL or week 24 HCV-RNA detectable
confirmed; virologic breakthrough was not included
in the telaprevir futility criteria, per the prescribing
[19]
information . Relapse was defined as undetectable
HCV-RNA at the end of treatment (EOT) followed by
confirmed HCV-RNA ≥ LLOQ at any follow-up visit.

Patients

The study included treatment-naive patients aged 18
years or older, with GT1a or GT1b infection, and HCVRNA ≥ 10000 IU/mL at screening. Patients with no
cirrhosis or compensated cirrhosis [by liver biopsy at
any time, or by FibroScan™ (≥ 14.6 kPa) within 1 year
of screening] were eligible for inclusion. No previous
treatment of HCV with interferon-based regimens or
DAAs was allowed. Other exclusion criteria included
evidence of decompensated liver disease (including
a history or presence of ascites, bleeding varices,
or hepatic encephalopathy), evidence of a medical
condition contributing to chronic liver disease other
than HCV, documented or suspected hepatocellular
carcinoma or other malignancies, co-infection with
HIV or hepatitis B virus, alanine aminotransferase ≥
5 × the upper limit of normal, hemoglobin < 12 g/dL
(120 g/L) for women and < 13 g/dL (130 g/L) for
9
men, platelet count < 90 × 10 cells/L, international
normalized ratio ≥ 1.7, albumin < 3.5 g/dL (35 g/L),
or any criterion that would exclude the patient from
receiving pegIFN/RBV or telaprevir. Patients were
randomized to a regimen within stratum via block
randomization (block size of 6) and using an interactive
voice response system prepared by the sponsor.

MATERIALS AND METHODS
Study design

This was a phase 3, randomized, open-label, non
inferiority study in treatment-naive patients with GT1
infection (Study AI444-052; ClinicalTrials.gov number
NCT01492426). Overall, 602 patients were randomly
assigned (2:1) to daclatasvir vs telaprevir, stratified
by IL28B rs12979860 host genotype (CC vs nonCC), cirrhosis status (compensated cirrhosis vs no
cirrhosis), and HCV GT1 subtype (GT1a vs GT1b).
Patients with compensated cirrhosis were capped at
25%. GT1a-infected patients were capped at 200
(33%); this cap was introduced during enrollment
(May 2012) based on data from a previous daclatasvir
phase 2 study indicating that daclatasvir was more
effective in GT1b-infected than in GT1a-infected
[27]
patients . Patients were treated with daclatasvir 60
mg/d (n = 402) or telaprevir 750 mg 3 times/d (n =
200) in combination with pegIFN alfa-2a 180 µg once
weekly and RBV [weight-based dosing of 1000 mg/d (<
75 kg) or 1200 mg/d (≥ 75 kg)]. Daclatasvir-treated
patients with undetectable HCV-RNA at weeks 4 and
12 [extended rapid virologic response (eRVR)] had
a planned treatment duration of 24 wk of daclatasvir
plus pegIFN/RBV; those without eRVR received an
additional 24 wk of pegIFN/RBV (total of 48 wk of
therapy), provided they did not experience treatment
futility. Telaprevir-treated patients received 12 wk
of telaprevir plus pegIFN/RBV, followed by 12 (with
eRVR) or 36 (without eRVR) weeks of pegIFN/RBV
alone, provided they did not experience treatment
futility. Patients in both groups were followed for 24 wk
(without eRVR) or 48 wk (with eRVR) posttreatment.
In the daclatasvir group, treatment futility, which
mandated discontinuation of all study drugs, was
defined as: (1) virologic breakthrough [> 1-log10
increase in HCV-RNA over nadir or confirmed HCV-RNA
≥ lower limit of quantification (LLOQ) after confirmed
undetectable HCV-RNA while on treatment beginning
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Objectives and assessments

Primary and secondary objectives were amended
during enrollment to focus on GT1b-infected patients
[27]
based on the results of previous phase 2 data . The
primary objective was to demonstrate that daclatasvir
plus pegIFN/RBV was noninferior to telaprevir plus
pegIFN/RBV for SVR at posttreatment week 12 (HCVRNA < LLOQ at posttreatment week 12) in GT1binfected patients. The first two secondary objectives
were to demonstrate that the rates of anemia
(hemoglobin < 10 g/dL) and of rash-related events,
through week 12, were lower with daclatasvir plus
pegIFN/RBV than with telaprevir plus pegIFN/RBV,
among GT1b-infected patients (see Supplementary
Material and Methods for the definition of rashrelated events). Additional secondary objectives
included noninferiority comparisons between arms
of undetectable HCV-RNA at week 4 [rapid virologic
response (RVR)], week 12 [complete early virologic
response (cEVR)], and weeks 4 and 12 (eRVR), and
HCV-RNA < LLOQ at post-treatment week 24 (SVR24),
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in GT1b-infected patients. The final secondary
objective was a noninferiority comparison between
arms of SVR12 in GT1a-infected patients.
HCV-RNA was assayed using the Roche HCV
®
®
COBAS TaqMan test v2.0 (LLOQ = 25 IU/mL; limit
of detection approximately 10 IU/mL). HCV GT and
subtype were determined by Versant HCV GT 2.0
assay (LIPA) and were analyzed by ICON Central
Laboratories, Inc. IL28B genotype was determined by
polymerase chain reaction amplification coupled with
allelic discrimination. Resistance testing was performed
using population-based sequencing of the NS5A
region for all patients at baseline, and for patients
with virologic failure or relapse and with amplifiable
(HCV-RNA ≥ 1000 IU/mL) plasma samples. Safety
monitoring was based on the incidences of AEs, serious
AEs (SAEs), discontinuations due to AEs, laboratory
abnormalities, vital signs, and physical examinations.

secondary efficacy endpoints.
All authors had access to the study data and have
reviewed and approved the final manuscript.

RESULTS
Patient disposition

Overall, 793 patients were screened; of these, 402
GT1b-infected patients were randomized and treated
with daclatasvir plus pegIFN/RBV (n = 268) or
telaprevir plus pegIFN/RBV (n = 134), and 200 GT1ainfected patients were randomized and treated with
daclatasvir plus pegIFN/RBV (n = 134) or telaprevir
plus pegIFN/RBV (n = 66) (Figure 1). Among GT1binfected patients, treatment was completed by
85.4% (229/268) in the daclatasvir group, and by
85.1% (114/134) in the telaprevir group, and among
GT1a-infected patients, by 67.2% (90/134) and
69.7% (46/66), respectively. Discontinuations (of
all three agents) due to an AE were more frequent
with telaprevir than with daclatasvir, whereas dis
continuations due to lack of efficacy were more
frequent with daclatasvir. This was due, in part, to the
different futility criteria in the two treatment groups.
Posttreatment follow-up was initiated by 384 patients
in the daclatasvir group and by 191 patients in the
telaprevir group and was completed by 359 (93.5%)
and 181 (94.8%), respectively.

Statistical analysis

The statistical methods of this study were reviewed
by the biometrics group at Bristol-Myers Squibb. A
noninferiority margin of -12% was employed in this
study. A 2-sided 95% confidence interval (CI) for
the difference in rates, daclatasvir plus pegIFN/RBV
minus telaprevir plus pegIFN/RBV, was used to test
for noninferiority. To demonstrate noninferiority, the
lower bound of the CI had to be > -0.12. A sample
size of 400 GT1b-infected patients, randomized 2:1 to
daclatasvir plus pegIFN/RBV vs telaprevir plus pegIFN/
RBV, provided 91% power to show that the SVR12
rate of daclatasvir plus pegIFN/RBV was noninferior
to that of telaprevir plus pegIFN/RBV at the 5%
significance level, assuming SVR12 rates of 85% for
[16]
both regimens .
Each secondary comparison was conducted at
the 5% level and proceeded hierarchically according
to the order of the objectives (see Objectives and
assessments). Testing of an endpoint was performed
only if the null hypothesis of the preceding endpoint
was rejected. Safety comparisons, for anemia and
rash-related events, were for superiority, i.e., to
show that daclatasvir plus pegIFN/RBV was less toxic
than telaprevir plus pegIFN/RBV. Secondary efficacy
comparisons were for noninferiority (noninferiority
margin -12%).
Efficacy analyses were restricted to all treated
patients and were performed using a modified intentto-treat (mITT) analysis (patients with missing HCVRNA measurements were considered failures). For
the primary endpoint, an analysis based on SVR
documented on or after (if follow-up week 12 HCVRNA was missing) posttreatment week 12 was also
conducted. A stratum-adjusted, 2-sided, asymptotic
95%CI was used to compute the difference in SVR12
[31]
rates between arms . The strata were those used
in the randomization. Stratum-adjusted CIs were
also used for testing differences between rates for
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Baseline characteristics

Patient demographics and disease characteristics were
generally balanced across treatment arms (Table 1);
however, there was a higher proportion of black/African
Americans in the daclatasvir groups (6.0%-8.2%) than
in the telaprevir groups (2.2%-3.0%). Mean HCV-RNA
levels ranged from 6.23-6.31 log10 IU/mL, 9.7%-13.6%
of patients had cirrhosis, and there was a high
proportion of patients with a non-CC IL28B genotype
(68.7%-79.9%) across all groups.

Efficacy in GT1b-infected patients

In GT1b-infected patients, SVR12 rates were 85.1%
(228/268) with daclatasvir plus pegIFN/RBV vs
81.3% (109/134) with telaprevir plus pegIFN/RBV
(mITT; primary endpoint) (Table 2); the difference
between treatment arms was 4.3% (95%CI: -3.3%
to 11.9%), demonstrating noninferiority (lower bound
of the 95%CI greater than -12%). Similar SVR12
rates in GT1b-infected patients were obtained when
using the next available HCV-RNA value for patients
with missing posttreatment week 12 measurements
[daclatasvir plus pegIFN/RBV: 85.8% (230/268);
telaprevir plus pegIFN/RBV: 82.1% (110/134)].
Response rates observed for the secondary efficacy
endpoints (RVR, eRVR, cEVR, SVR24) in GT1b-infected
patients appeared similar between treatment arms
(Table 2); however, no formal comparisons could
be made because the test for the difference in rash-
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Enrolled n = 793
1

Excluded n = 191

GT1b
Randomized and treated
n = 402

DCV

GT1a
Randomized and treated
n = 200

TVR

n = 268

DCV

n = 134

Discontinued
2
treatment
3
n = 39

Discontinued
2
treatment
4
n = 20
Completed
treatment
n = 229

n = 66

Discontinued
2
treatment
5
n = 44

Completed
treatment
n = 114

Analyzed for SVR12
n = 268

TVR

n = 134

Discontinued
2
treatment
6
n = 20
Completed
treatment
n = 90

Analyzed for SVR12
n = 134

Completed
treatment
n = 46

Analyzed for SVR12
n = 134

Analyzed for SVR12
n = 66

Figure 1 Patient disposition. Efficacy analyses were based on a modified intent-to-treat analysis (included all randomized and treated patients who had received
1
≥ 1 dose of study medication; patients with missing HCV RNA measurements were considered failures). No longer met study entry criteria during the screening
period (n = 139), withdrew consent (n = 28), administrative reason by sponsor (n = 5), lost to follow-up (n = 3), pretreatment AE (n = 2), or other reasons (n = 11);
2
All 3 study drugs discontinued; 3Lack of efficacy (n = 15; 11 virologic breakthroughs, 3 futility, and 1 other), AE (n = 14), patient request (n = 6), lost to follow-up (n =
3), and withdrew consent (n = 1); 4AE (n = 17), withdrew consent (n = 2), and lost to follow-up (n = 1); 5Lack of efficacy (n = 23; 11 virologic breakthroughs, 4 futility,
8 other), adverse event (n = 11), lost to follow-up (n = 6), patient request (n = 1), and other (n = 3); 6Lack of efficacy (n = 5; 3 futility, 2 other), AE (n = 8), patient
request (n = 3), lost to follow-up (n = 3), and death (n = 1; the death occurred in a patient who had discontinued treatment at week 16 due to bacteremia and died at
posttreatment week 4 due to sepsis secondary to HCV-related cirrhosis). DCV: Daclatasvir; GT: Genotype; SVR12: Sustained virologic response (HCV-RNA < LLOQ)
at posttreatment week 12; TVR: Telaprevir.

Table 1 Patient demographics and baseline disease characteristics
GT1b

n (%)
Age (yr), median (range)
Male
Race
White
Black/African American
Asian
Other
HCV-RNA log10 (IU/mL), mean (SD)
HCV-RNA ≥ 800000 IU/mL
IL28B genotype
CC
CT
TT
Not reported
Cirrhosis
Present

GT1a

DCV + pegIFN/RBV
(n = 268)

TVR + pegIFN/RBV
(n = 134)

DCV + pegIFN/RBV
(n = 134)

TVR + pegIFN/RBV
(n = 66)

46.0 (18-71)
159 (59.3)

48.0 (19-69)
72 (53.7)

49.0 (19-67)
98 (73.1)

51.5 (28-69)
47 (71.2)

243 (90.7)
16 (6.0)
6 (2.2)
3 (1.1)
6.23 (0.701)
196 (73.1)

129 (96.3)
3 (2.2)
2 (1.5)
0
6.23 (0.577)
97 (72.4)

120 (89.6)
11 (8.2)
1 (0.7)
2 (1.5)
6.30 (0.637)
104 (77.6)

63 (95.5)
2 (3.0)
0
1 (1.5)
6.31 (0.636)
51 (77.3)

53 (19.8)
161 (60.1)
53 (19.8)
1 (0.4)

27 (20.1)
86 (64.2)
21 (15.7)
0

42 (31.3)
73 (54.5)
19 (14.2)
0

20 (30.3)
37 (56.1)
9 (13.6)
0

26 (9.7)

15 (11.2)

16 (11.9)

9 (13.6)

DCV: Daclatasvir; GT: Genotype; HCV: Hepatitis C virus; pegIFN: Peginterferon alfa-2a; RBV: Ribavirin; TVR: Telaprevir.

related events between arms, which preceded the
comparisons of secondary efficacy endpoints in the
testing hierarchy, was not statistically significant (see
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Safety section). Among GT1b-infected patients with
SVR12, three patients did not achieve SVR24 (one
patient in each arm relapsed between posttreatment
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Table 2 Efficacy endpoints and failures in GT1b-infected patients
Outcome, n /n (%)
Efficacy
SVR12 (mITT)1,2
SVR12 on or after PT week 123
RVR (HCV-RNA undetectable at week 4)1,4
cEVR (HCV-RNA undetectable at week 12)1,4
eRVR (HCV-RNA undetectable at weeks 4 and 12)1,4
EOTR (HCV-RNA undetectable at EOT)
SVR241,4
Failures
Non-SVR12
On-treatment failures
Virologic breakthrough
Treatment futility other than virologic breakthrough
HCV-RNA detectable at EOT
Posttreatment relapse6
HCV-RNA undetectable at EOT but missing PT week 12 data

DCV + pegIFN/RBV

TVR + pegIFN/RBV

228/268 (85.1)
230/268 (85.8)
207/268 (77.2)
243/268 (90.7)
201/268 (75.0)
244/268 (91.0)
226/268 (84.3)

109/134 (81.3)
110/134 (82.1)
106/134 (79.1)
121/134 (90.3)
98/134 (73.1)
131/134 (97.8)
108/134 (80.6)

40/268 (14.9)
21/268 (7.8)
11/268 (4.1)
3/268 (1.1)
7/268 (2.6)
12/244 (4.9)
7/244 (2.9)

25/134 (18.7)
3/134 (2.2)
NA5
0
3/134 (2.2)
20/131 (15.3)
2/131 (1.5)

Patients with missing data at posttreatment week 12 were considered failures; 2Difference, 4.3%; 95%CI: -3.3% to 11.9%; noninferior at the 5% significance
level (lower bound of the 95%CI was > -12%); 3Patients with missing data at posttreatment week 12 were considered responders if the next available
HCV-RNA value was < LLOQ; 4Differences and 95%CIs were as follows: RVR, -1.5% (-9.8% to 6.8%); cEVR, 0.6 (-5.5% to 6.6%); eRVR, 2.2% (-6.8% to
11.2%); SVR24, 4.4% (-3.5% to 12.2%); 5Not included in TVR futility criteria per prescribing information; 6Assessed in patients with undetectable HCVRNA at EOT. cEVR: Complete early virologic response; DCV: Daclatasvir; EOT: End of treatment; EOTR: End of treatment response; eRVR: Early rapid
virologic response; GT: Genotype; HCV: Hepatitis C virus; LLOQ: Lower limit of quantitation; mITT: Modified intent-to-treat; NA: Not applicable; pegIFN:
Peginterferon alfa-2a; PT: Posttreatment; RBV: Ribavirin; SVR12: Sustained virologic response (HCV-RNA < LLOQ) at posttreatment week 12; RVR: Rapid
virologic response; SVR24: Sustained virologic response at posttreatment week 24; TVR: Telaprevir.
1

tended to be higher in the daclatasvir arm than in the
telaprevir arm in subgroups based on demographic
and disease status, such as age, sex, IL28B, cirrhosis,
and baseline HCV-RNA level (Table 3). Of note, among
cirrhotics, a higher proportion of patients receiving
daclatasvir vs telaprevir achieved SVR12 (76.9% vs
66.7%). In the daclatasvir group, SVR12 appeared
to be independent of age and sex. In both treatment
groups, lower response rates were observed in
patients with IL28B non-CC, baseline HCV-RNA ≥
800000 IU/mL, or cirrhosis, baseline factors known
[32]
to affect response to pegIFN/RBV . Consistent with
these observations, a multivariate logistic regression
analysis in GT1b-infected patients demonstrated that
SVR12 was associated with IL28B host genotype (CC
vs non-CC, P = 0.011), baseline HCV-RNA (< 800000
IU/mL vs ≥ 800000 IU/mL, P = 0.016), and cirrhosis
status (absent vs present, P = 0.031). Virologic
response was not associated with age, sex, race, or
type of treatment (Supplementary Table 3).

Table 3 Proportion of GT1b-infected patients with SVR12
by subgroups
1

SVR12 , n /n (%)
Age (yr)
< 65
≥ 65
Sex
Male
Female
Race
White
Black/African American
Asian
Other
Baseline HCV-RNA
< 800000 IU/mL
≥ 800000 IU/mL
Cirrhosis
Absent
Present
IL28B genotype
CC
CT
TT

DCV + pegIFN/RBV TVR + pegIFN/RBV
(n = 268)
(n = 134)
218/256 (85.2)
10/12 (83.3)

103/126 (81.7)
6/8 (75.0)

134/159 (84.3)
94/109 (86.2)

61/72 (84.7)
48/62 (77.4)

208/243 (85.6)
11/16 (68.8)
6/6 (100.0)
3/3 (100.0)

105/129 (81.4)
2/3 (66.7)
2/2 (100.0)
0

66/72 (91.7)
162/196 (82.7)

33/37 (89.2)
76/97 (78.4)

208/242 (86.0)
20/26 (76.9)

99/119 (83.2)
10/15 (66.7)

51/53 (96.2)
132/161 (82.0)
44/53 (83.0)

23/27 (85.2)
69/86 (80.2)
17/21 (81.0)

Virologic failure in GT1b-infected patients

Forty (14.9%) patients in the daclatasvir group and
25 (18.7%) patients in the telaprevir group did not
achieve SVR12 (Table 2). Virologic breakthrough
occurred in 11 (4.1%) patients in the daclatasvir
group. Virologic breakthrough was not assessed as
a futility criteria for the telaprevir group, per the
[19]
telaprevir prescribing information . Relapse (among
patients with undetectable HCV-RNA at EOT) was
reported in 12/244 (4.9%) patients in the daclatasvir
group and 20/131 (15.3%) patients in the telaprevir
group. Other posttreatment failures, occurring in

1

mITT analysis (patients with missing data at posttreatment week 12 were
considered failures). DCV: Daclatasvir; GT: Genotype; HCV: Hepatitis C
virus; pegIFN: Peginterferon alfa-2a; RBV: Ribavirin; SVR12: Sustained
virologic response (HCV-RNA < LLOQ) at posttreatment week 12; TVR:
Telaprevir.

weeks 12 and 24, and one patient in the daclatasvir
group had a missing posttreatment week 24 HCV-RNA
measurement).
In GT1b-infected patients, observed SVR12 rates
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Table 4 Overall on-treatment safety in GT1-infected patients
Event, n (%)

DCV + pegIFN/RBV (n = 402)
2

Death
SAEs
AEs leading to discontinuation of any study drug
AEs leading to discontinuation of all 3 study drugs
AEs (grade 1-4) ≥ 20%
Fatigue
Headache
Asthenia
Pruritus
Anemia
Rash
Nausea
Neutropenia
Alopecia
Influenza-like illness
Dry skin
Pyrexia
Grade 3 or 4 emergent laboratory abnormalities
Hemoglobin
Absolute neutrophil count
Lymphocytes
Platelet count
ALT
AST
Total bilirubin
Serum creatinine increased

1

TVR + pegIFN/RBV (n = 200)
2

1 (0.2)
26 (6.5)2
28 (7.0)2
25 (6.2)

1 (0.5)
20 (10.0)2
37 (18.5)2
25 (12.5)

140 (34.8)
137 (34.1)
109 (27.1)
107 (26.6)
96 (23.9)
93 (23.1)
88 (21.9)
87 (21.6)
86 (21.4)
85 (21.1)
84 (20.9)
80 (19.9)

81 (40.5)
57 (28.5)
53 (26.5)
75 (37.5)
99 (49.5)
69 (34.5)
74 (37.0)
27 (13.5)
32 (16.0)
38 (19.0)
34 (17.0)
42 (21.0)

26 (6.5)
104 (25.9)
67 (16.7)
15 (3.7)
3 (0.7)
7 (1.7)
4 (1.0)
1 (0.2)

41 (20.5)
41 (20.5)
44 (22.0)
8 (4.0)
4 (2.0)
1 (0.5)
6 (3.0)
0

1

n = 198 for grade 3/4 laboratory abnormalities; 2Further information provided in supplementary material. AE: Adverse event; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; DCV: Daclatasvir; GT: Genotype; pegIFN: Peginterferon alfa-2a; RBV: Ribavirin; SAE: Serious adverse
event; TVR: Telaprevir.

7/244 (2.9%) patients in the daclatasvir group and
2/131 (1.5%) patients in the telaprevir group, were
due to undetectable HCV-RNA at EOT but missing
posttreatment week 12 HCV-RNA.
At baseline, 249/268 GT1b-infected patients
treated with daclatasvir plus pegIFN/RBV had available
NS5A population-based sequencing data. In 43/249
(17.3%) of these patients, one or more of the NS5A
polymorphisms L28M/V, R30H/Q, L31M, or Y93H were
detected at baseline; of these, 72.1% (31 patients)
achieved SVR12, of which 61.3% (19 patients) had
a non-CC IL28B genotype. Of the remaining 12
patients who did not achieve SVR12, 11 had a nonCC IL28B genotype. Among patients without NS5A
polymorphisms at baseline, 87% (179/206) achieved
SVR12.
Among the 40 GT-1b patients in the daclatasvir
group who did not achieve SVR12, 32 had evaluable
samples at baseline and at the time of failure. In
two patients, the same NS5A resistance-associated
variants (RAVs) were detected at both baseline and
failure: L31M-Y93H in one patient, and L28V-R30QL31M-Q62D in a second patient. Among the remaining
30 patients, the most common treatment-emergent
NS5A RAVs were L31F/I/M/V (22 patients) and
Y93H (21 patients); RAVs at L31 and Y93 emerged
together in 18 patients. NS5A L31 and Y93 RAVs also
emerged together in one daclatasvir-treated patient
who achieved SVR12 but relapsed at posttreatment
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week 24. Of the eight non-SVR12 patients who
were not tested at failure [due to undetectable HCVRNA at last available visit (n = 5), missing HCV-RNA
measurement (n = 2), or lost to follow-up while HCVRNA was < 1000 IU/mL (n = 1)], seven had no NS5A
polymorphisms at baseline, and one had no baseline
NS5A sequence available.

Efficacy outcomes in GT1a-infected patients

In GT1a-infected patients, SVR12 rates were 64.9%
in the daclatasvir group and 69.7% in the telaprevir
group. Other outcomes and treatment failures in
GT1a-infected patients are shown in Supplementary
Table 1. Baseline NS5A sequences were available for
123 GT1a-infected patients treated with daclatasvir;
the polymorphisms Q30R, L31M, and/or Y93N were
detected in 6 (5%) patients, of whom 5 achieved
SVR12. Among 34 GT1a-infected virologic failures
with evaluable samples, the most common emergent
NS5A RAVs at failure were Q30E/H/R (32 patients).
In patients with emergent Q30 RAVs, L31 variants
were also frequently detected, either as on-treatment
emergent RAVs (19 patients) or pre-existing at
baseline (one patient). In a daclatasvir-treated patient
who relapsed after achieving SVR12, the NS5A RAV
Q30E was detected at posttreatment week 24.

Safety

Safety, pooled across GT1 subtypes, is shown in
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Difference -29.1%
1
95%CI (-38.8, -19.4)

47.4

40

8

30

6

20

18.3

DCV + pegIFN/RBV
TVR + pegIFN/RBV

10

Events (%)

Events (%)

50

Difference -3.4%
95%CI (-7.5, 0.7)

5.2

4
1.9

10

0

2

49

63

268

133

2

Hgb < 10 g/dL

0

5

7

268

134

Rash-related events

3

Figure 2 Safety secondary endpoints in GT1b-infected patients (first 12 wk). mITT analysis (patients with missing data at posttreatment week 12 were considered
failures). 1Superior at the 5% significance level; upper bound of the 95%CI was 0%; 2One patient in the TVR arm had no measurement due to discontinuation prior to
on-treatment laboratory assessment; 3Includes rash-related SAEs, AEs leading to discontinuation, and grade 3 or 4 AEs. AE: Adverse event; CI: Confidence interval;
DCV: Daclatasvir; GT: Genotype; Hgb: Hemoglobin; pegIFN: Peginterferon alfa-2a; RBV: Ribavirin; SAE: Serious adverse event; TVR: Telaprevir.

Table 4. AEs leading to discontinuation of any study
drug were more frequent with telaprevir (18.5%)
vs daclatasvir (7.0%). In the daclatasvir group, the
most common (≥ 1%) AEs leading to discontinuation
of any study drug were psychiatric (1.5%), skin
(1.5%), or hemolytic events (1.2%); in the telaprevir
group the most common AEs were skin events
(9.0%), hemolytic events (4.5%), general disorders
(3.0%), gastrointestinal events (2.0%), psychiatric
events (1.5%), infections and infestations (1.5%),
nervous system disorders (1.5%), or renal events
(1.0%). Serious AEs (SAEs) were reported in 6.5% of
daclatasvir-treated patients and in 10.0% of telaprevirtreated patients. Drug-related SAEs were reported in
3.5% (n = 14) and 8.0% (n = 16) of treated patients
in the daclatasvir and telaprevir arms, respectively,
including one case of drug reaction with eosinophilia
and systemic symptoms (DRESS) syndrome in each
treatment group and five cases of anemia in the
telaprevir group. The daclatasvir-treated patient with
DRESS syndrome, a 62-year-old male with GT1binfection, developed grade 3 rash after approximately
2.5 mo of therapy, followed by hyperthermia and
9
hypereosinophilia (eosinophils 1.12 × 10 cells/L)
leading to hospitalization. Topical corticosteroid
(betamethasone) and trimeprazine resulted in rapid
improvement and normalization of the eosinophil
9
count (0.41 × 10 cells/L) within 10 d of discontinuing
study therapy. The patient achieved SVR12. The
five telaprevir-treated patients with a related SAE of
anemia all had grade 4 anemia with hemoglobin levels
of 54-72 g/L; all 5 patients received blood transfusions
and 2 discontinued study therapy. The most common
(> 25%) AEs were fatigue, headache, asthenia, and
pruritus in the daclatasvir group, and anemia, fatigue,
nausea, rash, pruritus, headache, and asthenia in the
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telaprevir group. Grade 3 or 4 laboratory abnormalities
were comparable between treatment groups, except
for grade 3 or 4 hemoglobin levels, which were more
frequent with telaprevir (20.5%) than with daclatasvir
(6.5%). Grade 3 or 4 bilirubin elevations occurred in 3%
of patients in the telaprevir group compared with 1%
in the daclatasvir group.
One death was reported in each treatment group,
both of which occurred during off-treatment followup and were considered unrelated to therapy. In the
daclatasvir group, the patient died during posttreat
ment week 4 from multiple fractures and a subdural
hematoma related to a fall. In the telaprevir group, the
patient, who had discontinued treatment at week 16
(due to bacteremia), died during posttreatment week
4 from sepsis secondary to cirrhosis due to hepatitis C.
Grade 1-4 anemia was experienced by 23.9%
of GT1-infected patients in the daclatasvir group,
and 49.5% in the telaprevir group, including 3.2%
(n = 13) and 13.5% (n = 27), respectively, with
grade 3 or 4 anemia. Incidences for the secondary
endpoint of hemoglobin < 10 g/dL in GT1b-infected
patients through week 12 were significantly lower
in the daclatasvir group than in the telaprevir group
(daclatasvir: 18.3% vs telaprevir: 47.4%; difference,
-29.1; 95%CI: -38.8% to -19.4%; Figure 2). Grade
1-4 rash [single Medical Dictionary for Regulatory
Activities (MedDRA) term] was reported in 23.1% of
GT1-infected patients in the daclatasvir group and in
34.5% in the telaprevir group, including 1.0% (n =
4) and 3.5% (n = 7), respectively, with grade 3 or 4
rash. Incidences for the secondary endpoint of rashrelated events (composite MedDRA term) in GT1binfected patients through week 12 were also lower
with daclatasvir than with telaprevir, however the
difference was not statistically significant given the
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low event rates in both arms (daclatasvir: 1.9%;
telaprevir: 5.2%; difference, -3.4; 95%CI: -7.5% to
0.7%; Figure 2).
Safety was also assessed in subgroups of patients
with and without cirrhosis at baseline (Supplementary
Table 2). In both treatment arms, anemia, reduced
platelet count, and elevated total bilirubin were
more frequent in patients with than in those without
cirrhosis. Among cirrhotic patients, those treated with
telaprevir experienced a higher frequency of the AEs
anemia (58.3% vs 33.3%), rash (41.7% vs 21.4%),
fatigue (50.0% vs 38.1%), and nausea (37.5% vs
11.9%), and of SAEs (16.7% vs 7.1%); in contrast,
neutropenia was more common with daclatasvir
(26.2%) than with telaprevir (16.7%) but was not
associated with an increase in infections (daclatasvir:
21.4%; telaprevir: 41.7%).

in 17% of GT1b-infected patients at baseline. Although
such variants may be associated with virologic outcome
to daclatasvir plus pegIFN/RBV, they do not appear to
be absolute predictors of failure because 72% of GT1binfected patients with these polymorphisms at baseline
achieved SVR12 in this study. Furthermore, since most
(11/12) patients with baseline NS5A polymorphisms
who did not achieve SVR12 also had a non-CC IL28B
genotype, it may be that IL28B genotype has a stronger
association with virologic failure. A similar observation
was reported in a previous daclatasvir plus pegIFN/
RBV phase 2 study, in which only 2/10 GT1b-infected
patients with L31 or Y93 variants failed to achieve a
response, but 30/32 GT1b virologic failures were non[27]
CC IL28B .
A relevant consideration is that the persistence
of RAVs may influence further treatment options in
an IFN-free context. In this study, patients were not
monitored beyond post-treatment week 24, thus
analysis of the persistence of NS5A RAVs was not
undertaken. However, persistence beyond one year
has been described previously in GT1b- and GT1a[33,34]
infected patients
. Persistence of emergent NS5A
RAVs has also been described from an interim analysis
[35]
of a three-year follow-up study . Detection of viral
variants by direct sequencing limits the ability to
detect low-frequency variants within a viral population;
however, despite this limitation, the results of these
analyses have been useful for describing relationships
between RAVs and clinical outcomes.
In this study, response rates with daclatasvir plus
pegIFN/RBV were lower and virologic failure was more
frequent in patients infected with HCV GT1a than in
patients infected with GT1b. Most likely, this is due to a
lower resistance barrier of daclatasvir in GT1a-infected
patients rather than to a higher potency in GT1binfected patients, since the EC50 of daclatasvir was low
in both GT1a-infected patients (20 pM) and GT1b[24]
infected patients (4 pM) . These lower response rates
observed among GT1a-infected patients are consistent
[27]
with previous studies of daclatasvir
and have also
[16]
been observed with other DAAs, including telaprevir ,
[28]
[21]
boceprevir , and simeprevir .
Daclatasvir plus pegIFN/RBV was generally welltolerated, with an overall safety profile similar to
that of pegIFN/RBV alone, with no new safety or
tolerability concerns attributable to daclatasvir. In
the overall GT1-infected population, anemia events
(grade 1-4 and grade 3 or 4) were less common in the
daclatasvir group (24% and 3%, respectively) than
in the telaprevir group (50% and 14%, respectively),
and were also less frequently a reason for treatment
discontinuation (daclatasvir: 0.5%; telaprevir: 4.0%).
Among GT1b-infected patients, daclatasvir plus
pegIFN/RBV demonstrated superiority over telaprevir
plus pegIFN/RBV for the secondary endpoint of
hemoglobin < 10 g/dL (18% vs 47%).
Grade 1-4 and grade 3 or 4 rash (single MedDRA

DISCUSSION
This study evaluated the efficacy and safety of
daclatasvir plus pegIFN/RBV compared with telaprevir
plus pegIFN/RBV in HCV GT1-infected patients and
is the first head-to-head comparison of two different
DAA classes - an NS5A inhibitor vs an NS3/4A
protease inhibitor - in combination with pegIFN/RBV
in treatment-naive patients. In treatment-experienced
GT1-infected patients simeprevir (NS3/4A protease
inhibitor) plus pegIFN/RBV has been compared with
telaprevir plus pegIFN/RBV, with simeprevir plus
pegIFN/RBV demonstrating noninferiority to telaprevir
plus pegIFN/RBV for SVR12 (54% vs 55%) and a
[23]
more favourable safety profile .
In the present study in treatment-naive, GT1binfected patients, SVR12 rates achieved with daclatasvir
plus pegIFN/RBV were noninferior to those observed
with telaprevir plus pegIFN/RBV, and anemia was
significantly less frequent among daclatasvir-treated
patients than in telaprevir-treated patients. Rashrelated events were also less common among patients
receiving daclatasvir vs telaprevir. Daclatasvir plus
pegIFN/RBV demonstrated high SVR12 rates in GT1binfected patients across all subgroups of baseline
factors known to affect response rates to pegIFN/RBV
(cirrhosis, IL28B genotype, age, sex, baseline viral
load). Importantly, in difficult-to-cure patients with
cirrhosis, SVR12 rates were higher with daclatasvir
plus pegIFN/RBV than with telaprevir plus pegIFN/
RBV (76.9% vs 66.7%). On-treatment treatment
futility was more common with daclatasvir than with
telaprevir; however this may have been related to the
different futility criteria between the two treatment
groups. However, posttreatment relapse was more
frequent with telaprevir than with daclatasvir (15% vs
5%).
Using population-based sequencing of the NS5A
region, NS5A polymorphisms associated with daclatasvir
resistance (L28, R30, L31, and/or Y93) were observed
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term) were also less frequent in the overall GT1infected population in patients receiving daclatasvir
(23% and 1%, respectively) than in those receiving
telaprevir (35% and 4%, respectively), as were
discontinuations due to rash (daclatasvir: 0.2%;
telaprevir: 4.5%). The grade 1-4 events of rash
observed in the daclatasvir group are most likely
related to pegIFN/RBV, because the observed rate
(23%) is comparable to that historically reported with
[16,27]
pegIFN/RBV alone
, and no cases of rash have
been reported with daclatasvir all-oral regimens,
[36]
including daclatasvir plus sofosbuvir . Rash-related
events (composite MedDRA term) were evaluated as
a secondary endpoint in this study in GT1b-infected
patients, and a lower incidence was observed in those
receiving daclatasvir than in those receiving telaprevir,
but this difference was not statistically significant due
to low event rates in both arms. The single case of
DRESS syndrome observed with daclatasvir is the only
case reported to date in the daclatasvir development
program and real-word experience.
At the time this study was designed, telaprevir
plus pegIFN/RBV was the standard of care for the
treatment of HCV GT1 infection; however, other
DAAs have now been approved, both in combination
with pegIFN/RBV and as part of IFN-free regimens.
Currently approved all-oral treatment options for GT1infected patients include daclatasvir plus sofosbuvir
[10]
± RBV (approved for GT1, 3, and 4 in the EU ),
which has been shown to achieve SVR12 rates of up
[36]
to 98% in treatment-naive GT1-infected patients ,
and the dual combination daclatasvir plus asunaprevir
[9]
(approved for GT1b in Japan ), which has been shown
to achieve SVR12 rates of 90% in GT1b-infected
[37]
treatment-naive patients . Other approved all-oral
regimens include the combinations of sofosbuvir +
[11,12]
ledipasvir ± RBV
and simeprevir plus sofosbuvir
[13,14,38]
± RBV
, which achieved SVR rates of up to 98%
and 94%, respectively, in this patient population.
Ombitasvir/paritaprevir/ritonavir plus dasabuvir, which
was recently approved, provided SVR rates of 90%
(without RBV) and 95%-97% (with RBV) in treatmentnaive noncirrhotic patients infected with GT1a, and
of 99% (without RBV) and 98%-100% (with RBV)
[36,39,40]
in those infected with GT1b
; in GT1-infected
[41]
patients with cirrhosis SVR12 was 96% . Daclatasvir
is also being evaluated as part of an all-oral, fixed-dose
combination with asunaprevir and beclabuvir (formerly
BMS-791325). In phase 3 studies, this regimen without
RBV has provided SVR12 rates of 92% in GT1aand 1b-infected treatment-naive patients without
[42]
cirrhosis , and SVR12 rates of 93%-98% in GT1aand 1b-infected patients with compensated cirrhosis,
[43]
with or without RBV ; in these studies, SVR12 rates
were lower in patients infected with GT1a than in those
infected with GT1b when RBV was excluded from the
regimen.
Although all-oral regimens have become the new
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standard of care in chronic hepatitis C management,
pegIFN/RBV-based therapies will remain a potentially
important treatment option in such settings as lowincome countries or possibly for patients who have
failed DAA-only therapies.
In conclusion, this first and only head-to-head
comparison of two classes of DAAs in treatmentnaive patients demonstrates that daclatasvir plus
pegIFN/RBV is noninferior to telaprevir plus pegIFN/
RBV for SVR12 for treatment of HCV GT1b infection.
Daclatasvir plus pegIFN/RBV was generally welltolerated, with a significantly lower rate of anemia,
and an observed lower rate of rash-related events
compared with telaprevir plus pegIFN/RBV. The
results of this study and other studies support the
role of daclatasvir as an effective and well-tolerated
component of interferon-free, all-oral HCV regimens
across multiple genotypes.
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Background

Chronic infection with hepatitis C virus (HCV) affects 130-150 million people
globally and is a major cause of cirrhosis and hepatocellular carcinoma.
Peginterferon alfa plus ribavirin (pegIFN/RBV) has historically been used to
treat HCV, although this regimen achieves only limited sustained virologic
response (SVR) rates of 40%-50% in genotype 1 (GT1) infection. Whilst
pegIFN/RBV-based therapies remain the standard of care in some countries,
HCV treatment has evolved toward direct-acting antiviral agents (DAAs) that
target specific viral proteins.

Research frontiers

The combination of pegIFN/RBV with the NS3/4A protease inhibitor telaprevir
was one of the first approved DAA-based regimens, and replaced pegIFN/RBV
as the standard-of-care for GT1-infected patients. Skin rash and anemia are
frequent, and at times severe, adverse events (AEs) observed with telaprevir.
No direct comparison of telaprevir vs a non-protease inhibitor DAA has been
performed to date. Daclatasvir is a potent, once-daily, pangenotypic NS5A
inhibitor; this phase 3 study compared the safety and efficacy of daclatasvir
with that of telaprevir, each in combination with pegIFN/RBV, in treatment-naive
patients with GT1 infection, with a focus on GT1b-infected patients.

Innovations and breakthroughs

Among GT1b-infected patients, daclatasvir plus pegIFN/RBV was noninferior
to telaprevir plus pegIFN/RBV for SVR12 [85% (228/268) vs 81% (109/134);
difference, 4.3% (95%CI: -3.3% to 11.9%)]. Daclatasvir was generally welltolerated: anemia (hemoglobin < 10 g/dL) was significantly less frequent with
daclatasvir than with telaprevir [difference, -29.1% (95%CI: -38.8% to -19.4%)],
and rash-related events were less frequent with daclatasvir plus pegIFN/RBV
compared with telaprevir plus pegIFN/RBV. Discontinuations of all 3 agents due
to an adverse event were more frequent with telaprevir than with daclatasvir,
whereas discontinuations due to lack of efficacy were more frequent with
daclatasvir, due, in part, to differences in futility criteria.

Applications

Although all-oral regimens have become the new standard of care in chronic
HCV management - for which daclatasvir is currently approved for the treatment
of HCV GT1, GT3, and GT4 infections (approvals vary by country) - pegIFN/
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RBV-based therapies will remain a potentially important treatment option in
such settings as low-income countries or possible for patients who have failed
DAA-only therapies. The results of this study and other studies support the role
of daclatasvir as an effective and well-tolerated component of interferon-free,
all-oral HCV regimens across multiple genotypes.

10

Terminology

SVR12/24, sustained virologic response [HCV-RNA < lower limit of quantitation
(LLOQ)] at posttreatment week 12/24; Relapse, undetectable HCV-RNA at the
end of treatment followed by confirmed HCV-RNA ≥ LLOQ at any follow-up
visit. In the daclatasvir group, treatment futility, which mandated discontinuation
of all study drugs, was defined as (1) virologic breakthrough (> 1-log10 increase
in HCV-RNA over nadir or confirmed HCV-RNA ≥ LLOQ after confirmed
undetectable HCV-RNA while on treatment beginning at week 2 of therapy); (2)
week 12 HCV-RNA >1000 IU/mL; or (3) week 24 HCV-RNA ≥ LLOQ. In the
telaprevir group, treatment futility was defined per prescribing information as
HCV-RNA > 1000 IU/mL (at weeks 4 or 12) or HCV-RNA detectable confirmed (at
week 24).

12

Peer-review

14

11

13

The arena within which HCV is treated has moved at a very rapid pace over
the past 5 years. The range of DAA options has expanded since telaprevir and
boceprevir were the first protease inhibitors to become available. While globally,
the world is focused on DAAs as the treatments of choice for HCV, these drugs
are expensive and not all countries will be in a position to treat infection vs
disease. In fact, some first-world countries are currently only treating patients
with advanced disease due to the cost of these drugs. The authors make this
point nicely and rightly state that there may be a place for IFN based anti-viral
strategies for the management and treatment of HCV.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Zhejiang University Institutional Review
Board.

AIM: To assess the efficacy and safety of intracorporeal
esophagojejunostomy in patients undergoing laparoscopic
total gastrectomy (LTG) for gastric cancer.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: A retrospective review of 81 consecutive
patients who underwent LTG with the same surgical team
between November 2007 and July 2014 was performed.
Four types of intracorporeal esophagojejunostomy
using staplers or hand-sewn suturing were performed
after LTG. Data on clinicopatholgoical characteristics,
occurrence of complications, postoperative recovery,
anastomotic time, and operation time among the
surgical groups were obtained through medical records.

Conflict-of-interest statement: The authors declare that they
have no competing interests in this study.
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
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: The average operation time was 288.7
min, the average anastomotic time was 54.3 min, and
the average estimated blood loss was 82.7 mL. There
were no cases of conversion to open surgery. The first
flatus was observed around 3.7 d, while the liquid
diet was started, on average, from 4.9 d. The average
postoperative hospital stay was 10.1 d. Postoperative
complications occurred in 14 patients, nearly 17.3%.

Correspondence to: Yi-Ping Mou, MD, Department of General
Surgery, Sir Run Run Shaw Hospital, School of Medicine,
Institute of Micro-Invasive Surgery, Zhejiang University, 3 East
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However, there were no cases of postoperative death.

7-year experience using this technique and the shortterm clinical results obtained using different kinds of
intracorporeal esphagojejunostomy using laparoscopic
staplers or a hand-sewn suture technique.

CONCLUSION: LTG performed with intracorporeal
esophagojejunostomy using laparoscopic staplers or
hand-sewn suturing is feasible and safe. The surgical
results were acceptable from the perspective of minimal
invasiveness.

MATERIALS AND METHODS
Patients

Key words: Gastric cancer; Total gastrectomy; Esophago
jejunostomy; Laparoscopy; Hand-sewn

From November 2007 to July 2014, a total of 81
consecutive patients with gastric cancer underwent
TLTG that was performed by a single surgical team
at Sir Run Run Shaw Hospital. Preoperative clinical
evaluation, which included clinical grading, was assessed
with computed tomography, abdominal ultrasonography,
endoscopic ultrasonography, esophagogastroduodeno
scopy, and gastrointestinal radiography.
Clinical statistics were collected from medical records
of the patients: sex, age, body mass index (BMI), method
of anastomosis, time required for anastomosis, total
operation time, estimated blood loss, the day of ﬁrst
ﬂatus and liquid diet, postoperative complications, and
length of the postoperative hospital stay. Pathological
and clinical staging was determined based on the
th
American Joint Committee on Cancer (the 7 edition)
and the tumor-node-metastasis (TNM) classiﬁcation
scheme. This research was approved by the Zhejiang
University’s Ethics Committee. Written consent was
obtained from every patient prior to enrollment in the
study.

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

Core tip: Totally laparoscopic distal gastrectomy using
intracorporeal anastomosis has gradually increased
with advances in laparoscopic surgical instrumentation.
However, intracorporeal esophagojejunostomy is still
uncommon after totally laparoscopic total gastrectomy
due to technical difficulties. Herein, we evaluate various
types of intracorporeal esophagojejunostomy using
laparoscopic staplers and a hand-sewn technique.
Chen K, Pan Y, Cai JQ, Xu XW, Wu D, Yan JF, Chen RG,
He Y, Mou YP. Intracorporeal esophagojejunostomy after
totally laparoscopic total gastrectomy: A single-center 7-year
experience. World J Gastroenterol 2016; 22(12): 3432-3440
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i12/3432.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i12.3432

General surgical procedures

A former depicted approach was used to position the
[6]
patient and the trocar location . Five major trocars
were inserted in the V-shape arrangement. The
guidelines of gastric cancer in Japan served as the
principle, including the No. 8a, 9, 10, 11p, 11d, and
12a apart from the dissection of D1. The operation was
started by retracting the greater omentum and then
bluntly dissembling along with the transverse colon,
which is the border that accesses the lesser sac. In
addition, the gastroepiploic vessels were confirmed,
clipped, and then excised. Mobilization was begun
at the comparative superior edge of the pancreas,
thereby unveiling the celiac trunk. The common
hepatic artery, the right gastric artery, and the left
gastric artery together with the splenic artery and the
neighboring lymph nodes were excised and identified.
Meanwhile, those veins were excised and clipped.
The hepatogastric and hepatoduodenal ligaments
were dissected. The duodenum was later transected
with 3 cm from the pylorus using the endoscopic
linear stapler. The jejunum was then stapled using
an endoscopic linear stapler, which was 20 cm from
Treitz’s ligament. The detailed lymphadenectomy
[7]
was described in our previously published study . In
general, there were two approaches for intracorporeal
gastrointestinal reconstruction, mechanical circular or

INTRODUCTION
Since the first reported laparoscopy assisted distal
gastrectomy (LADG) was performed for gastric disease
[1]
in 1994 , for tumors relatively low in the stomach,
interest for this surgical approach has continued to
grow. For middle or upper gastric adenocarcinoma,
laparoscopy assisted total gastrectomy (LATG) has
become more popular than laparoscopy assisted
proximal gastrectomy (LAPG) due to the relatively
lower rate of reflux esophagitis. In addition, LATG is
the treatment of choice for middle or upper gastric
[2,3]
adenocarcinoma with deeper invasion .
Because of the narrow operating window, however,
technical problems during extracorporeal esophago
jejunostomy may necessitate performing an exit
via a mini-laparotomy. This relatively small incision
has a number of disadvantages, including removal
of the possibly challenging specimen, contamination
through the incision, and extra pulling over the residual
[4]
stomach .
Based on our extensive laparoscopic experience
obtained from performing laparoscopic pancreatic,
[5-11]
gastric, and other operations
, we developed
totally laparoscopic total gastrectomy (TLTG) for
middle or upper gastric cancer. Here, we describe our
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Figure 1 Conventional circular stapler-anvil method. A: The purse-string suture (white arrow) was placed in the esophagus; B: The anvil was introduced into the
esophageal stump through the hole; C: The circular stapler was introduced into the jejunum through the jejunal stump and attached with the anvil; D: The circular
stapler was fired and the esophagojejunostomy was completed.

linear staplers and the hand-sewn suture technique.
However, in our experience, we found some limitations
using these mechanical approaches. Therefore, we
have used intracorporeal hand-sewn gastrointestinal
anastomosis since September 2012.

esophagus and the residual hole were closed using the
stapler (Figure 2B).
Linear stapler delta-shaped method (Type
C): The escophageogastric junction was transected
through the endoscopic linear stapler. Small holes
were then created alongside the edge of the jejunum
and the esophageal stump. The posterior walls of
both the esophageal stump and the jejunum were
approximated and joined by the endoscopic linear
stapler (Figure 3A). The staple line was inspected later
for hemostasis and defects. Stay sutures were placed
to lift the common opening (Figure 3B); which was
then closed with two applications of the linear stapler
(Figure 3C), leading to the reconstruction over the
intracorporeal tract (Figure 3D).

Methods of intracorporeal esophagojejunostomy

Conventional circular stapler-anvil method (Type
A): This technique is an anvil method. The stomach
was lifted up and then a purse-string construction was
placed 1 cm above the line that was predetermined
transected (Figure 1A). A hole was made with the
esophagogastric junction using a harmonic scalpel.
The anvil was introduced to the esophageal stump via
the hole of purse-string construction, and the hole was
tied (Figure 1B). The esophagogastric junction was
later divided, and the stomach was also extracted.
The circular stapler was utilized in the jejunum via the
jejuna stump and was later attached with the anvil
(Figure 1C). The esophagojejunostomy was finished
by firing the circular stapler (Figure 1D). The jejunum
stump was closed using the endoscopic linear stapler.

Hand-sewn end-to-side method (Type D): The
jejunal loop was brought up to reach the esophageal
stump. The jejunum was anchored to the esophageal
stump through several serosal muscularis interrupted
sutures that were placed in the posterior layer of the
esophageal stump (Figure 4A). Two small holes were
created: one on the esophageal stump and the other
over the anti-mesenteric aspect of the jejunum. The
posterior wall was latterly closed through a number
of full-thickness sutures (Figure 4B). In addition, the
closure over the anterior wall was carried out via the
full-thickness sustainable suture (Figure 4C). Lastly,
the seromuscular layer was finally strengthened through

Linear stapler side-to-side method (Type B):
A relative small opening was made into the 10 cm
ranking from the stump over the distal jejunum,
and the latter was then pulled up to the esophagus,
in which a small side opening was also made. A
antiperistalic side-to-side esophagojejunostomy was
later presented with a linear stapler (Figure 2A). The
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Figure 2 Linear stapler side-to-side method. A: Each jaw of the linear stapler was inserted into the holes on the esophageal stump and the jejunum and then the
linear stapler was fired; B: The entry hole and esophagus were closed using the stapler.
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Jejunum
Jejunum
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Diaphragm
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Diaphragm
Liver

Liver
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anastomosis

Spleen
Jejunum

Figure 3 Linear stapler delta-shaped method. A: Small holes were created along the edge of the esophageal stump and the jejunum that were approximated and
joined with the endoscopic linear stapler; B: Stay sutures (white arrow) were placed to lift the common opening; C: The common opening was then closed with two
applications of the linear stapler; D: Reconstruction of the intracorporeal alimentary tract was completed.

interrupted sutures to decrease the tension (Figure
4D).

from the esophagojejunostomy) and then the proximal
jejunum. Any specific defect over the mesentery was
closed.

Procedure after esophagojejunostomy

Postoperative management

After the strengthening over the seromuscular layer,
which was facilitated with interrupted sutures to
decrease tension, the esophageal wall was sutured
to those of the diaphragm to minimize tension. The
specimen was placed over the retrieval bag and
latterly removed via an enlarged umbilical incision. The
pneumoperitoneum was latterly established again. The
routine of the Roux-en-Y anatomosis was presented
laparoscopically among the distal jejunum (40 cm

WJG|www.wjgnet.com

After surgery, all patients were cared for in the general
ward. The nasogastric tube was removed at the
end of surgery in the operating room. Patients were
supported through the TPN before they finally took a
liquid diet. If the patients could tolerate the liquid diet,
they were offered a semiliquid diet. The anastomosis
was checked on postoperative days 3-7 via conducting
an upper gastrointestinal radiography facilitated with
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Figure 4 Hand-sewn end-to-side method. A: The jejunum was anchored to the esophageal stump by several serosal muscularis interrupted sutures placed in the
posterior layer of the esophageal stump; B: The posterior wall was closed by several full-thickness interrupted sutures; C: Closure of the anterior wall was carried out
by a full-thickness continuous suture; D: The seromuscular layer was strengthened with interrupted sutures to reduce tension.

Operative outcomes and postoperative clinical course

Gastrografin as the opposite medium. Patients were
discharged from the hospital if they resumed a semiliquid diet and their average blood temperature and
work panel was without obvious abnormalities. The
anastomoses were assessed again within 3 mo by
gastroscopy.
Patients were followed up every 3 mo during the
next 2 years after surgery and every 6 mo during
the 3 years after that. Routine follow-up covered the
physical test, laboratory examination, endoscopy,
computed tomography or ultrasonography, and chest
radiography. Every patient was observed until death or
the last follow-up date of May 2015.

The operative results together with the following
postoperative clinical process statistics are presented
in Table 2. The anastomotic approaches adopted
served as type A among 18 patients, type B among
22 patients, type C among 10 patients, and type D
among 31 patients. The operation was completed
successfully in every case without conversion to open
surgery or laparoscopy assisted surgery. The average
operation time was 288.7 min. The average time to
intracorporeal esophagojejunostomy was 54.3 min,
with an average blood loss of 82.7 ml. The average
number of retrieved lymph nodes per patient was
34.3. The distal and proximal margins were checked
in frozen sectors, with R0 resection realized in each
case. The average time until the first flatus was 3.7 d.
The average time to start soft and liquid diets were 4.9
d and 6.6 d, respectively. The average postoperative
hospital stay was 10.1 d.
Postoperative complications are listed in Table 3.
The rate of postoperative morbidity was 17.3%, and
there were no cases of postoperative death. Morbidity
included anastomotic leakage (n = 1), anastomosis
stricture (n = 3), intraluminal bleeding (n = 3),
intestinal stasis (n = 2), abdominal abscess (n =
1), ileus (n = 1), lymphorrhea (n = 1), pulmonary
infection (n = 1), and pulmonary embolism (n = 1).
All complications were controlled by conservative
treatment.

RESULTS
Clinical features and pathological characteristics

Table 1 illustrates the clinical features and pathological
characteristics held by the patients. The average
age of the patients was 59.0 years, and the ratio of
females to male was 2:1. The average BMI was 22.2
2
kg/m . Well over one-third of the patients suffered
from comorbidities, with the most common being
hypertension. The average neoplasm size was 4.0 cm.
Approximately half of the patients had lesions that
were staged as T1 (39.5%), N0 (49.4%), and stage I
(43.2%) neoplasms. Sixty percent of patients suffered
from advanced gastric cancer, which was defined as
tumor invasion into the layer of the proper muscular.
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exist in an upper location. It is for this reason that
we started to conduct extracorporeal anatomosis,
hoping to deal with the barricades of cumbersome
reconstruction. We first introduced the use of intra
corporeal anastomosis after LTG in 2007.
Two approaches for mechanical esophago
jejunostomy have been used in LTG, linear stapling
and circular stapling. Circular stapling enjoys similar
merits as open total gastrectomy (OTG). The esophago
jejunostomy can be performed successfully by
adopting a circular stapler via a structure technique,
which was hand-sewn in the first 18 patients of our
series to mend the anvil that was applied in the
esophageal stump. Based on our experience, the
esophagus was not cut off initially, and the cardia
was tightly tied with a band and then stretched down
to expose the esophagus. Purse-string sutures were
undertaken, and the anterior wall of the esophagus
was then cut with a harmonic scalpel to form a halfcircle. After placement of the anvil, the suture line was
tightened and the esophagus was finally cut off with
the harmonic scalpel. However, the circular stapler
was inappropriate for placement during laparoscopic
surgery due to its larger size and the absence of a
matching tube. The pneumoperitoneum was vulnerable
to its placement, and vision was unclear. Therefore,
it was not an ideal method and may have resulted
[14,15]
in a higher rate of postoperative complications
,
especially in our early experience. Thus, a novel
transorally inserted anvil (OrVil; Covidien, Mansfield,
MA, United States) was introduced to address the
[16]
challenge of anvil placement . OrVil is not only good
in terms of operation safety and treatment effects but
also in the reduction in operation time. However, due
to its high cost, possibility of bacterial contamination
in the abdominal cavity, and injury to the esophageal
mucosa, this method is adopted only in some specialized
medical centers.
A linear stapler was used for side-to-side esopha
gojejunostomy. This method was first reported by
[17]
[18]
Uyama et al
and was modified by Wang et al .
Circular stapling was performed to isolate separately
the esophagus and jejunum prior to anastomosis.
The linear stapler was inserted at the two ends
to complete the anastomosis and then closed the
collective opening. Benefits of the linear stapling
method involved no initial dissection of the jejunum
and esophagus to pull down the esophagus. Thus the
esophagus did not need to be completely retracted to
the chest; and instead, the specimen was removed,
and the common opening was closed together after
completion of the anastomosis, economizing the
staplers. This method was simple to perform, and the
anastomotic stoma was bigger, which may have helped
avoid postoperative complications, such as anastomotic
stenosis. With regard to specific surgical methods,
some surgeons advise that the position taken by
the esophageal and jejunum stump should be fixed,
adopting at least one stitch prior to the endoscopic

Table 1 Clinical characteristics and pathologic features of 81
patients who underwent totally laparoscopic total gastrectomy
Variable

Value (%)

Gender (male/female)
Age (yr)
BMI (kg/m2)
ASA classiﬁcation (Ⅰ/Ⅱ/Ⅲ)
Comorbidities1
Hypertension
Diabetes mellitus
Cardiovascular
Pulmonary
Liver
Others
Tumor size (cm)
Histology (differentiated/
undifferentiated)
T stage (T1/T2/T3/T4)
N stage (N0/N1/N2/N3)
TNM stage (Ⅰ/Ⅱ/Ⅲ/Ⅳ)

54 (66.6)/27 (33.3)
59.0 ± 10.6
22.2 ± 3.1
43 (53.1)/36 (44.4)/2 (2.5)
31 (38.3)
20 (24.7)
6 (7.4)
7 (8.6)
6 (7.4)
2 (2.5)
2 (2.5)
4.0 ± 2.4
42 (51.9)/39 (48.1)
32 (39.5)/10 (12.3)/11 (13.6)/28 (34.6)
40 (49.4)/11 (13.6)/13 (16.0)/17 (21.0)
35 (43.2)/17 (21.0)/29 (35.8)/0 (0.0)

1

Nine (11.1%) of 81 patients had more than two comorbidities. Data are
mean ± sd or number (%). BMI: Body mass index; ASA: American Society
of Anesthesiologists.

DISCUSSION
The use of laparoscopic gastrectomy (LG) for gastric
cancer has been gradually accepted because of its
short-term benefit and the comparable oncological
results as open gastrectomy. Most available studies
on LG have focused on LDG for tumors located in the
lower third of the stomach, which is the most common
[12,13]
type in East Asia
. The incidence of tumors located
in the upper and middle stomach has been evaluated
recently and has resulted in an increased demand for
LTG.
The major indications and technical aspects for LTG
are similar to those for LDG. Several technical points
relevant to the safety and feasibility of this technique
should be addressed. The additional requirement set
for the lymph nodes over the splenic hilum or any
other short gastric artery represents a difficulty that
has been encountered in fundamental gastrectomy.
This requirement exists because the splenic vessels
flow circuitously, with the branches substantially
varying from one to another in deep locations. It
is well known that hemorrhage or ischemia could
occur because of splenic vascular injury during
dissembling of lymph nodes neighboring splenic
artery branches. Laparoscopy, compared with the
laparotomy, permits the operator to finish dissembling
the lymph nodes, which are quite clear, and assists
in developing surgical safety. Therefore, the most
obvious obstacle to LTG is still the difﬁculty involved
in esophagojejunostomy, which can be performed
extracorporeally or intracorporeally. Indeed, it is quite
difficult in many cases to conduct the anastomosis via
a mini-laparotomy, because space is quite restricted
and narrow, specifically in obese victims with relatively
thick abdominal walls or the specific tumors that
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Table 2 Surgical outcomes of 81 patients who underwent totally laparoscopic total gastrectomy

Operation time (min)
Anastomotic time (min)
Blood loss (mL)
Retrieved lymph nodes
First ﬂatus after operation (d)
Liquid diet (d)
Soft diet (d)
Postoperative hospital stay (d)

Type A (n = 18)

Type B (n = 22)

Type C (n = 10)

305.6 ± 45.9 (250-380)
57.5 ± 18.5 (35-90)
80.6 ± 29.4 (50-160)
30.9 ± 5.8 (25-45)
4.2 ± 0.8 (3-5)
5.2 ± 0.8 (4-6)
6.7 ± 1.3 (5-11)
10.9 ± 2.9 (9-20)

266.8 ± 38.7 (230-360)
40.0 ± 11.2 (25-60)
86.4 ± 39.7 (50-200)
34.6 ± 4.1 (25-42)
3.6 ± 1.3 (2-7)
4.9 ± 1.1 (3-7)
6.3 ± 1.1 (5-8)
10.2 ± 2.4 (8-17)

278.0 ± 16.2 (250-300) 297.9 ± 33.2 (240-420) 288.7 ± 39.1 (230-420)
39.0 ± 3.9 (35-45)
67.2 ± 18.8 (45-105)
54.3 ± 19.9 (25-105)
87.0 ± 24.5 (50-120)
80.0 ± 32.5 (50-180)
82.7 ± 32.7 (50-200)
34.8 ± 6.1 (28-47)
35.8 ± 11.4 (24-69)
34.3 ± 8.2 (24-69)
3.4 ± 0.8 (2-5)
3.6 ± 0.8 (2-5)
3.7 ± 1.0 (2-7)
4.6 ± 0.7 (4-6)
4.7 ± 1.0 (3-7)
4.9 ± 0.9 (3-7)
6.6 ± 0.8 (5-8)
6.7 ± 2.1 (5-15)
6.6 ± 1.6 (5-15)
10.1 ± 2.9 (8-18)
9.6 ± 1.9 (7-17)
10.1 ± 2.4 (7-20)

Type D (n = 31)

Total (n = 81)

Data are mean ± sd (range).

Table 3 Postoperative complications in 81 patients who underwent totally laparoscopic total gastrectomy
Type A (n = 18)

Type B (n = 22)

Type C (n = 10)

Type D (n = 31)

Total (n = 81)

5
1
1

5

2

2

1
1

1

14
1
3
3
2
1
1
1
1
1

Postoperative complications
Anastomotic leakage
Anastomosis stricture
Intraluminal bleeding
Intestinal stasis
Abdominal abscess
Ileus
Lymphorrhea
Pulmonary infection
Pulmonary embolism

2
1

1
1

1
1
1
1

[19]

linear staple that has been applied . However, in our
practice, it has been found that the suture angulates
and suspends the jejunum, posing great challenges to
the endoscopic linear stapler, sacrificing the mobility of
the jejunum. According to our experience, it is more
favorable to place one arm of the endoscopic linear
stapler, which has been applied into the opening of the
jejunum, and to clamp the two arms with no stapling.
Later, with the assistance of the stapler, attracting the
jejunum close to the esophageal stump’s rear and
then unveiling the two arms to replace the second
one finishes the anastomosis following the apposition,
which has been proven to be quite satisfactory.
However, even using this approach, possible issues
remain, including taking the distortion over the
mesenterium and Roux limb as well as the slipping
over the esophagojejunal anastonomic site applied
in the comparative lower mediastinum. The surgical
margin is limited as a longer esophageal stump should
be reserved.
The delta-shaped esophagojejunostomy provides
a considerable lumen, regardless of the size of the
esophageal stump. More importantly, as a long
esophageal stump and anastomosed intestine are not
required, this technique achieves less flexion in order
to provide enough blood supply for the anastomotic
site, thus decreasing the risk of anastomotic leakage.
However, surgeons of the technique should have
proficient laparoscopic suturing skills, or the outcome
of the anastomosis will be impacted because of the
unfavorable apposition of the average opening. The
assistant should maneuver the stay suture efficiently
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to ensure that the stapler is applied adequately on
[20]
all layers of the esophagus . Hand-sewn end-toside esophagojejunostomy overcomes the limitations
caused by the mechanical method. The suturing
process can be clearly observed under high definition
laparoscopy, and the anastomosis is reliable. The
operating space is large, and there is no tension in
the whole anastomosis procedure, thus avoiding
injury. More importantly, this method completes the
anastomosis after removal of the specimen, as the
anastomosis can be performed after negative margins
are confirmed using intraoperative frozen sections.
This method does not require a long esophageal
stump. In patients with a positive resection margin,
the removal length can be expanded appropriately to
confirm a negative resection margin. Therefore, the
R0 resection can be improved, and the conversion rate
to laparotomy is reduced. However, the hand-sewn
method requires operators with extensive experience
in laparoscopic suturing, which may increase surgery
time. In our experience, progressive practice (from
practice on the simulator to practice on animal models
and simple suture under laparoscopy, and finally
to laparoscopic gastrointestinal anastomosis) can
effectively shorten the learning curve. At the same
time, the application of new laparoscopic instruments
can simplify intracorporeal hand-sewn suturing.
TM
Knotless barbed sutures (V-Loc ; Covidien, Mansfield,
MA, United States) can reduce the time of anastomosis
and can ensure the safety of anastomosis, with
no need for permanent traction during the whole
anastomosis procedure.
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We recommend that the reconstruction method
using a stapler should be selected on the basis of
tumor location. In our experience, side-to-side or deltashaped esophagojejunostomy using a linear stapler
can be adopted for patients with lesions in the body
and fundus of the stomach as well as the lower cardia.
For patients with lesions in the upper and middle
cardia, end-to-side esophagojejunostomy using a
circular stapler is chosen to ensure a negative surgical
margin. In addition, if the surgeon is well experienced
with the laparoscopic hand-sewn technique, it can
be used after total gastrectomy, regardless of tumor
location.
In conclusion, we demonstrated that LTG facilita
ted with intracorporeal anastomosis is feasible and
safe, leading to quite favorable contemporary results.
However, the clinical efficacy should be demonstrated
further in a perfectly designed randomized controlled
clinical trial. The choice of approach for intracorporeal
anastomosis depends mainly on the surgeon’s preference
and experience.
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Abstract

Clinical trial registration statement: This study is registered at
SUKL - State Institute for Drug Control of the Czech Republic (http://
www.sukl.eu/modules/evaluation/detail.php?id=31445&lang=2).
The registration identification number is EudraCT number:
2011-001132-30.

AIM: To investigate the relationship between osteo
pontin plasma concentrations and the severity of portal
hypertension and to assess osteopontin prognostic value.
METHODS: A cohort of 154 patients with confirmed
liver cirrhosis (112 ethylic, 108 men, age 34-72 years)

Informed consent statement: All study participants provided

WJG|www.wjgnet.com

3441

March 28, 2016|Volume 22|Issue 12|

Bruha R et al . Osteopontin in portal hypertension

were enrolled in the study. Hepatic venous pressure
gradient (HVPG) measurement and laboratory and
ultrasound examinations were carried out for all
patients. HVPG was measured using a standard
catheterization method with the balloon wedge
technique. Osteopontin was measured using the
enzyme-linked immunosorbent assay (ELISA) method
in plasma. Patients were followed up with a specific
focus on mortality. The control group consisted of 137
healthy age- and sex- matched individuals.

Bruha R, Jachymova M, Petrtyl J, Dvorak K, Lenicek M,
Urbanek P, Svestka T, Vitek L. Osteopontin: A non-invasive
parameter of portal hypertension and prognostic marker of
cirrhosis. World J Gastroenterol 2016; 22(12): 3441-3450
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i12/3441.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i12.3441

INTRODUCTION

RESULTS: The mean value of HVPG was 16.18 ±
5.6 mmHg. Compared to controls, the plasma levels
of osteopontin in cirrhotic patients were significantly
higher (P < 0.001). The plasma levels of osteopontin
were positively related to HVPG (P = 0.0022, r =
0.25) and differed among the individual Child-Pugh
groups of patients. The cut-off value of 80 ng/mL
osteopontin distinguished patients with significant
portal hypertension (HVPG above 10 mmHg) at 75%
sensitivity and 63% specificity. The mean follow-up
of patients was 3.7 ± 2.6 years. The probability of
cumulative survival was 39% for patients with HVPG >
10 mmHg and 65% for those with HVPG ≤ 10 mmHg
(P = 0.0086, odds ratio (OR), 2.92, 95% confidence
interval (CI): 1.09-7.76). Osteopontin showed a similar
prognostic value to HVPG. Patients with osteopontin
values above 80 ng/mL had significantly lower cumulative
survival compared to those with osteopontin ≤ 80 ng/
mL (37% vs 56%, P = 0.00035; OR = 2.23, 95%CI:
1.06-4.68).

[1]

Osteopontin (OPN), first described in 1979 , is a
multifunctional protein that is physiologically expressed
[2]
in the kidney and bone . Under pathological conditions,
OPN expression has been found in various organs and
has been attributed to many pathological conditions,
including inflammation, angiogenesis, fibrosis, and
[3]
carcinogenesis . Hepatic expression of OPN was first
[4]
described in rats after carbon tetrachloride intoxication .
OPN was shown to contribute to the migration of
[5]
macrophages into the necrotic areas in liver tissue
and to serve as a key cytokine within the extracellular
[6,7]
matrix; thus, contributing to fibrogenesis . OPN is
involved in the evolution and progression of various
[8]
cancers, including hepatocellular carcinoma (HCC)
[9]
and cholangiocarcinoma . In fact, plasma OPN levels
have been found to be significantly elevated in patients
with liver cirrhosis and HCC compared to those without
[10]
HCC .
Recently, plasma OPN levels were shown to predict
liver fibrosis in various chronic liver diseases, such
[11]
as non-alcoholic steatohepatitis , alcoholic liver
[12]
[13]
[14]
disease , and chronic viral hepatitis B
and C .
As OPN levels correlate significantly with the fibrosis
[12]
stage in alcohol-induced liver disease , it follows
that OPN levels could be related to the degree of
portal hypertension and, hence, serve as a surrogate
non-invasive marker of portal hypertension. This
relationship has not been studied until now. Portal
hypertension, which is pathogenically related to liver
injury and fibrosis, leads to major complications of
cirrhosis. In the clinical setting, portal hypertension
is evaluated by invasive measurement of the hepatic
[15]
venous pressure gradient (HVPG) . Recently, non[16]
invasive biomarkers of cirrhosis have been suggested
as substitutes for invasive measurement of portal
pressure in some indications.
The aim of our study was to evaluate the relationship
between OPN plasma concentration and the degree
of portal hypertension, as measured by HVPG, and
to assess the impact of OPN values on prognosis in
patients with liver cirrhosis.

CONCLUSION: Osteopontin is a non-invasive parameter
of portal hypertension that distinguishes patients with
clinically significant portal hypertension. It is a strong
prognostic factor for survival.
Key words: Cirrhosis; Complications of cirrhosis; Hepatic
venous pressure gradient; Osteopontin; Portal hypertension;
Prognosis; Survival prediction
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data presented in our study are based on a
7-year follow-up interval with systematic hemodynamic
evaluations of more than 150 cirrhotic patients. We
report for the first time a close relationship between
osteopontin (OPN) and portal hypertension. Our
findings suggest that OPN in plasma could be a marker
of clinically significant portal hypertension. Importantly,
we found that OPN is a strong prognostic indicator
in patients with liver cirrhosis; and, similar to hepatic
venous pressure gradient (HVPG) value, it significantly
determined survival probability. Moreover, the
combination of HVPG and OPN increased the validity of
prognosis.
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and portal hypertension were included in the study.
They were recruited from a list of consecutive patients
th
referred to the 4 Department of Internal Medicine
of the General University Hospital in Prague between
2007 and 2014 for hemodynamic evaluation of portal
hypertension. A total of 286 patients were examined,
out of which 154 were included in the study. The
main criteria for exclusion from the study were: active
uncontrolled alcohol abuse, known HCC, concomitant
antiviral treatment, the use of any drug affecting
splanchnic hemodynamics or portal pressure within 2
wk before HVPG measurement, portal vein thrombosis,
lack of initial clinical data in the database, lack of
appropriate blood sample volume in storage, and
refusal of patients to store blood samples for future
evaluation or to collect clinical data. Blood samples
were collected during hepatic vein catheterization and
immediately separated and stored at -70  ℃ until OPN
evaluation.
Liver cirrhosis was diagnosed on the basis of
biochemical tests, clinical and ultrasound findings, and/
or liver biopsies; the presence of portal hypertension
was diagnosed by hepatic vein catheterization.
Hepatic vein catheterization and HVPG measure
ment were performed in all patients. Eighty-three
patients included in the study were referred for HVPG
measurement in cases of primary or secondary
prophylaxis of bleeding from esophageal varices,
[17]
according to the Baveno criteria . Indications for
HVPG measurement in the remaining 71 patients
were staging of liver cirrhosis and portal hypertension.
The clinical and laboratory data of all patients were
collected at the time of hepatic vein catheterization.
The follow-up data were collected from the hospital
charts at the time of OPN evaluation. The patients
were carefully followed up with a special focus on
mortality. The data of six transplanted patients were
censored at the time of transplantation.
The control group, used for the purposes of
comparing OPN levels, consisted of 137 healthy
individuals. The control population was recruited from
the staff of the university hospital in Prague. These
individuals consisted of healthy subjects without a
history of liver disease, coronary artery disease, or
other chronic diseases and were age- and gendermatched to the patient population.
The study was carried out in full accordance
with the Helsinki Declaration of 1975, as revised in
1983, and was approved by the Institutional Ethics
Committee. Informed consent for future evaluation
of blood samples for scientific purposes was
obtained from all subjects at the time of hepatic vein
catheterization.

room. Under local anesthesia, a 7F catheter introducer
was placed in the right jugular vein using the Seldinger
technique. Under fluoroscopic control, a 7F balloontipped catheter (B. Braun Melsungen AG, Melsungen,
Germany) was advanced into the right hepatic
vein in order to measure both free hepatic venous
pressure and wedged hepatic venous pressure. All
measurements were performed in triplicate using a
continuous recording unit. HVPG was calculated as
the difference between the wedged hepatic venous
pressure and the free hepatic venous pressure.
Clinically significant portal hypertension was defined
[17]
according to the Baveno criteria
with HVPG > 10
mmHg.

Laboratory analyses

Biochemical and hematology examinations were
performed on automatic analyzers (Modular Analyzer;
Roche Diagnostics GmbH, Mannheim, Germany)
using standard laboratory assays. The severity of liver
disease was evaluated by Child-Pugh scoring and
the model end-stage liver disease (MELD) score and
then evaluated separately according to platelet count,
presence of esophageal varices, ascites, and hepatic
encephalopathy.
OPN levels in plasma were measured using an
enzyme-linked immunosorbent assay (ELISA) kit
(DOST00, R&D Systems, Minneapolis, MI, United
States), according to the manufacturer’s instructions.
The control group consisted of 137 healthy age- and
sex-matched individuals. In each ELISA kit, both
controls and patients were included to minimize the
effect of inter-assay error due to group comparison.
Other non-invasive markers of portal hypertension
were compared to OPN for the detection of clinically
significant portal hypertension, including platelet count,
[19]
platelet count/spleen diameter ratio , and aspartate
aminotransferase (AST)/alanine aminotransferase
[20]
(ALT) ratio .

Statistical analysis

The results are presented as mean values with
standard deviation. Either a two-sample t-test or the
Mann-Whitney rank test for non-Gaussian distributed
variables was used to estimate intergroup differences.
The correlations between different parameters were
evaluated by calculation of Pearson or Spearman
correlation coefficients and linear regression analyses.
Logistic regression was used to assess the predictive
value for mortality of risk factors. In order to prevent
model over-adjustment, we merged both predictors
(HVPG and OPN), as they seemed to act independently
and exhibit similar ORs. All tests were two-sided,
with P < 0.05 considered as statistically significant.
Receiver operating characteristic curve analysis was
used to assess the utility of OPN and other parameters
when distinguishing between patients with and without
clinically significant portal hypertension. Survival

Measurement of the HVPG

Measurement of the HVPG was performed using the
[18]
classic wedge technique . Shortly after overnight
fasting, patients were transferred to the catheterization
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Table 1 Characteristics of patients with liver cirrhosis in the study
Parameter

All patients
(n = 154)

Compensated patients (without ascites)
(n = 91)

Decompensated patients (with ascites)
(n = 63)

P value1

Age (yr)

54.7 ± 11.1

54.5 ± 11.2

55.4 ± 11.3

0.276

74/26

73/27

77/23

0.340

112/22/20

63/15/13

47/9/7

0.490

41/34/25

69/27/4

14/39/47

< 0.001

12.5 ± 4.9

10.9 ± 4.5

14.3 ± 4.8

< 0.001

30

28

33

0.288

Bilirubin (µmol/L)

31 (18-55)

25 (15-44)

40 (23-62)

0.011

Albumin (g/L)

33.6 ± 7.4

39.9 ± 6.7

30.1 ± 6.6

< 0.001

Gender (M/F) (%)
Etiology of cirrhosis (alcohol/
viral/other incl. NASH) Number
of patients
Child-Pugh A/B/C (%)
MELD score
Bleeding from varices (%)

Creatinine (µmol/L)

83 ± 29

81.6 ± 27.2

97.8 ± 22.3

< 0.001

ALT (μkat/L)

0.65 (0.5-1.4)

0.71 (0.6-1.7)

0.58 (0.4-0.8)

0.282

AST (μkat/L)

0.96 (0.7-1.6)

1.11 (0.8-1.6)

0.75 (0.6-1)

0.193

Platelets (× 109/L)

107 (74-163)

98 (68-142)

130 (82-203)

0.015

91 ± 11.5

92 ± 13

Arterial mean blood pressure
(mmHg)
Ascites (%)
Encephalopathy (%)
HVPG (mmHg)

90 ± 10

0.483

41

-

-

-

12

6

19

< 0.001

16.0 ± 5.4

14.2 ± 5.1

26.9 ± 6.1

< 0.001

18/35/47

25/30/45

10/40/50

< 0.001

Spleen length (mm)

143 ± 22

142 ± 19

146 ± 26

Diameter of the portal vein (mm)

13.3 ± 2.1

13.2 ± 1.8

13.5 ± 2.4

18.8 ± 6

13.5 ± 4

Varices (none/small/large) (%)

Portal flow velocity (cm/s)
Diameter of the lienal vein (mm)

16 ± 5.8
10.1 ± 3

Follow-up (yr)
Osteopontin (ng/mL)

3.7 ± 2.6
107 (73.7-154)

10.25 ± 2.7

9.8 ± 3.5

4.13 ± 2.4

2.88 ± 2.6

85.7 (65.7-129)

138 (106-194)

0.534
0.729
< 0.001
0.348
0.004
< 0.001

1

Statistical difference between compensated and decompensated patients. Data are expressed as mean ± SD or as a median and 25-75 percentile, when nonnormally distributed. HVPG: Hepatic venous pressure gradient.

probability was determined using the Kaplan-Meier
method. The statistical analyses were performed using
BMDP Statistical Software (Release 8.1) and Statistica
12 CZ.

was 16.18 ± 5.6 mmHg. The plasma values of OPN in
cirrhotic patients were significantly higher than values
in controls: 107 (74-154) ng/mL vs 55 (42-67) ng/mL,
P < 0.001, values as median and IQ range; Figure
1A). Plasma levels of OPN were closely and positively
related to HVPG values (P = 0.002, r = 0.25, Figure 2).
Plasma levels of OPN above 80 ng/mL distinguished
patients with HVPG > 10 mmHg with 75% sensitivity
and 63% specificity (AUC 0.763, confidence interval
(CI) 49.8-83.7). The positive predictive value (PPV)
and negative predictive value (NPV) for the OPN cutoff of 80 of ng/mL concentration in discriminating
patients with significant portal hypertension was
92% (95%CI: 85%-96%) and 31% (95%CI:
18%-47%), respectively. A cut-off value of 90 ng/mL
distinguished patients with HVPG > 12 mmHg (a
marker of increased risk of variceal bleeding) to 71%
sensitivity and 62% specificity (area under the curve
(AUC), 0.725, 95%CI: 57.3-85.1). When calculated
for patients without ascites only, plasma levels of OPN
above 80 ng/mL distinguished patients with clinically
significant portal hypertension with similar results
(sensitivity 65%, specificity 64%, AUC, 0.69; 95%CI:
42-89). The sensitivity and specificity of other noninvasive parameters for the discrimination of patients
with clinically significant portal hypertension were as
follows: platelet count/spleen size ratio - 32%, 50%

RESULTS
Characteristics of patients

One hundred and fifty four patients were included in
the study - 108 males and 46 females. Both gender
groups exhibited no differences with regard to age,
biochemical parameters, and/or the etiology and stage
of cirrhosis (data not shown). Patients were divided
into two groups depending on the absence or presence
of ascites (compensated, n = 91; decompensated,
n = 63). The clinical and laboratory parameters of
the whole group as well as patients with and without
ascites are given in Table 1. There were no statistical
differences between patients and controls in respect
to age and gender (data not shown). There were
no differences in OPN values between patients with
alcoholic or other etiology: 110 (73-159) ng/mL vs
107 (75-146) ng/mL, P = 0.95 (values as median and
interquartile (IQ) range).

Relationship of OPN to HVPG

The mean value of HVPG in patients with cirrhosis
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600

600

500

500

400

400

Osteoponetin (ng/mL)

Osteoponetin (ng/mL)

A

300
200

P < 0.001

100
0

A vs B, P < 0.001
A vs C, P < 0.001
B vs C NS

300
200
100
0

Controls

Cirrhosis

Child-Pugh A

Child-Pugh B

Child-Pugh C

Figure 1 Plasma osteopontin in patients with cirrhosis and controls (A) and in patients with cirrhosis in Child-Pugh A, B, and C classes (B). Box-plot
graphs, boxes correspond to the median value and interquartile range.

Table 2 Presence of clinically significant portal hypertension
in relation to osteopontin and other parameters

y = 5.3253x + 60.094
R² = 0.063
P = 0.0022

400

Parameter

Osteopontin (ng/mL)

300

Osteopontin
Platelet count
AST/ALT ratio

200

0.04
0.05
0.49

Multiple linear regression with hepatic venous pressure gradient (HVPG)
> 10 mmHg as a variable carried out with OPN, platelet count, and AST/
ALT ratio as independent variables. AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase.

100

0

P value

0

10

20

patients died, 77 patients were alive at the time of
evaluation (six of whom were transplanted), and 15
patients were lost for follow-up. The HVPG cut-off
value of 10 mmHg (i.e., the threshold for clinically
significant portal hypertension) divided patients into
two groups with significantly different probabilities of
cumulative survival (39% for those with HVPG > 10
mmHg compared to 65% for those with HVPG ≤ 10
mmHg; P = 0.0086, OR = 2.92, 95%CI: 1.09-7.76;
Figure 3A). When survival probability was calculated as
a function of OPN, the plasma cut-off value of OPN 80
ng/mL distinguished two different groups of patients
with significantly different probabilities of cumulative
survival (37% for those with OPN above 80 ng/mL
compared to 56% for those with OPN below 80 ng/mL,
P = 0.00035, OR = 2.23, 95%CI: 1.06-4.68; Figure
3B). This difference was significant, independent of
HVPG value. Mortality in patients with at least one risk
factor (HVPG > 10 mmHg or plasma OPN > 80 ng/L)
was more than twice as high compared to patients
without any risk factors (OR = 2.34); in those with
both risk factors, mortality was more than five times
as high (OR = 5.10) compared to patients without
any risk factors (Table 3). When considering patients
with compensated cirrhosis only (i.e., without ascites),
both the plasma cut-off value of OPN 80 ng/mL and
the HVPG value of 10 mmHg divided patients into
two groups with significantly different probabilities of
cumulative survival (Figure 4A and B).

30

HVPG (mmHg)

Figure 2 Relationship between hepatic venous pressure gradient and
plasma osteopontin concentrations in patients with cirrhosis. HVPG:
Hepatic venous pressure gradient.

(AUC, 0.392, 95%CI: 0.17-0.51), respectively; platelet
count - 45%, 40% (AUC, 0.392, 95%CI: 0.3-0.62),
respectively; AST/ALT ratio - 74%, 50% (AUC, 0.696,
95%CI: 0.53-0.89), respectively.
No relation of OPN or HVPG to ultrasound portal
hemodynamic parameters or laboratory parameters
(portal vein diameter, spleen size, platelet count, and
serum concentration of albumin) was found, with
the exception of portal vein flow velocity. Portal vein
flow velocity correlated negatively with HVPG (P =
0.008, r = -0.356) and OPN levels (P = 0.002, r =
-0.412). There was no relationship between plasma
values of OPN and age, neither in patients (P = 0.9)
nor in controls (P = 0.6). Under multivariate analysis
performed with HVPG above/below 10 mmHg, OPN
values still differed significantly in comparison with
other commonly examined laboratory parameters of
portal hypertension (Table 2).

Relationship of OPN to survival

The mean time of follow-up was 3.7 ± 2.6 years (a
range of 1 mo to 7 years). During the follow-up, 62
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A

B

HVPG (cut-off 10 mmHg)

0.9
≤ 10 mmHg (n = 25)

0.8
0.7
0.6

P = 0.0086

0.5
0.4

> 10 mmHg (n = 129)

0.3
0.2

Osteopontin (cut-off 80 ng/mL)
1.0

Cumulative proportion surviving

Cumulative proportion surviving

1.0

0

1

2

3
4
Time (yr)

5

6

7

0.9
0.8

0.6
0.5

P = 0.00035

0.4
> 80 ng/mL (n = 109)

0.3
0.2

8

≤ 80 ng/mL (n = 45)

0.7

0

1

2

3
4
Time (yr)

5

6

7

8

Figure 3 Cumulative proportion of surviving patients with hepatic venous pressure gradient values below and above 10 mmHg (A) and plasma
osteopontin levels below and above 80 ng/mL (B) in the whole group of patients using the Kaplan-Meier method. HVPG: Hepatic venous pressure gradient;
OPN: Osteopontin.

tension. Although there is much evidence available
regarding the role of OPN in hepatic fibrogenesis, the
relationship of OPN to portal hypertension (evaluated
by HVPG measurement) has not been described pre
viously. HVPG measurement is used in different clinical
situations in routine praxis; distinguishing between
patients with clinically significant portal hypertension
(i.e., HVPG > 10 mmHg) and those at risk of bleeding
[17]
(HVPG > 12 mmHg)
is of most importance. Our
data suggest that, in both these groups of patients, a
single laboratory parameter, i.e., plasma OPN levels,
was sufficient to estimate values to quite a satisfactory
sensitivity and specificity. From a clinical point of view,
it is important to note that this differentiation was also
observed in the group of compensated patients without
ascites (which is usually the basic clinical parameter
for showing the presence of clinically significant portal
hypertension). The performance of OPN values in the
discrimination of patients with clinically significant
portal hypertension was better than those of common
markers, such as platelet count/spleen size ratio,
platelet count, and AST/ALT ratio.
In an experimental model of liver fibrosis, OPN
was shown to serve as a key cytokine within the
extracellular matrix protein network, contributing
[6]
to scarring and liver fibrosis . OPN also delays liver
fibrosis resolution due to sustained fibrillar collagen-I
deposition in mice after thioacetamide-induced
[7]
fibrosis . Recently, plasma OPN levels have been
found to predict liver fibrosis in various chronic liver
[11]
[12]
diseases, such as NASH , alcoholic liver disease ,
[13]
[14]
[21]
and chronic viral hepatitis B and C . Pereira et al
have also demonstrated that OPN secretion could be
stimulated by Schistosoma mansoni and that serum
OPN levels correlated with splenic vein pressure and
liver fibrosis stage in patients with schistosomiasis.
Portal hypertension is pathogenically related to liver
injury and fibrosis, which leads to major complication
of cirrhosis, and has been evaluated to date by
[15]
invasive measurement of portal pressure (HVPG) .

Table 3 Risk for death of patients with liver cirrhosis based
on the cut-off values of hemodynamic evaluation of portal
hypertension and osteopontin
Parameter
HVPG > 10 mmHg
OPN > 80 ng/mL
HVPG or OPN above cut-off1
Both HVPG and OPN above
cut-off2

Odds ratio

95%CI

P value

2.92
2.23
2.34
5.09

1.09-7.76
1.06-4.68
1.16-4.75
1.29-20.15

0.032
0.034
0.018
0.020

1

Only one parameter above cut-off values (10 mmHg for HVPG, 80 ng/mL
for OPN); 2Both parameters above cut-off. HVPG: Hepatic venous pressure
gradient; OPN: Osteopontin.

Relation of OPN to other clinical parameters

Plasma values of OPN differed among the individual
Child-Pugh groups of patients. The plasma values of
OPN were 84.8 ± 34.9 ng/mL in Child-Pugh A, 158.8
± 98.2 ng/mL in Child-Pugh B, and 205.2 ± 142.8 ng/
mL in Child Pugh C. Significant differences were found
between Child-Pugh A vs B and A vs C groups (Figure
1B). The same significance was found among ChildPugh groups according to HVPG values (Table 4).
Plasma OPN concentrations correlated significantly
with platelet count (r = 0.231; P = 0.009) and
presence of ascites (P < 0.001) but not with the size
of varices or history of variceal bleeding (Table 5).
HVPG correlated with all of above-mentioned clinical
parameters, including size of varices and history of
variceal bleeding (Table 5). Information about the
presence or absence of HCC during the follow-up
period was available in the case of 81 patients, of
whom HCC developed in six patients (7.4%). Neither
plasma OPN levels nor HVPG values correlated with
the occurrence of HCC.

DISCUSSION
The main finding of our study is that plasma con
centration of OPN is in close relation to portal hyper
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Figure 4 Cumulative proportion of surviving patients with hepatic venous pressure gradient values below and above 10 mmHg (A) and plasma
osteopontin levels below and above 80 ng/mL (B) in compensated patients without ascites using the Kaplan-Meier method. HVPG: Hepatic venous pressure
gradient; OPN: Osteopontin.

Table 4 Laboratory and clinical parameters in different Child-Pugh groups of patients
Parameter
Age (yr)
Osteopontin (ng/mL)
HVPG (mmHg)
Survival (yr)

Child-Pugh A

Child-Pugh B

Child-Pugh C

P value

55.6 ± 10.7
84.8 ± 34.9
14.1 ± 5.1
4.6 ± 2.3

52.9 ± 11.2
158.8 ± 98.2
17.1 ± 4.8
3.3 ± 2.5

56.3 ± 10.7
205.2 ± 142.8
19.5 ± 4.5
2.5 ± 2.6

NS
A vs B, P < 0.001, A vs C, P < 0.001, B vs C, NS
A vs B, P < 0.001, A vs C, P < 0.001, B vs C, NS
A vs C, P < 0.001, A vs B, NS, B vs C, NS

HVPG: Hepatic venous pressure gradient; NS: Not significant.

with an HVPG < 10 mmHg had a 90% probability of
not developing clinical decompensation after a 4-year
median follow-up; however, the survival data were not
clearly shown. A reduction in the HVPG to less than
12 mmHg or a reduction of more than 20% from the
baseline value was associated with a decreased risk
[27,28]
of variceal hemorrhage and improved survival
.
In one study, the HVPG was shown to have better
efficacy for predicting 1- and 2-year mortality in
cirrhotic patients than that from results obtained
[29]
using the MELD score . Nevertheless, the clear
relationship between single HVPG measurement and
overall survival of patients with cirrhosis is supported
by very few studies. We observed in our patients that
a HVPG cut-off value of 10 mmHg, obtained during a
single measurement, stratified cirrhotic patients into
two groups with different prognoses regarding survival
probability. Surprisingly, we found OPN to be a strong
predictor of survival in patients with cirrhosis, with
the same validity as the HVPG. A cut-off value of 80
ng/mL revealed two groups of cirrhotic patients with
different probabilities of survival, even in the group
of compensated patients, which suggests that OPN
determination might benefit from being implemented
in routine clinical settings. As described previously,
common clinical parameters, such as platelet count or
ultrasonographic parameters of portal hypertension,
correlate with the degree of portal hypertension, but
none of these simple parameters could be used for

Table 5 Correlation of hemodynamic evaluation of portal
hypertension and osteopontin to clinical parameters in
patients with liver cirrhosis
Parameter

HVPG

Survival
Platelet counts
Size of varices
History of bleeding from varices
Presence of ascites

Osteopontin

r

P value

r

P value

0.220
0.247
0.352

0.009
0.005
< 0.001
< 0.001
< 0.001

0.230
0.231
0.009

0.006
0.009
0.927
0.506
< 0.001

r: Correlation coefficient; HVPG: Hepatic venous pressure gradient.

The HVPG is a prognostic factor for long-term survival
[22]
in the case of cirrhosis
and can even reflect
progression of the disease in the pre-cirrhotic stage.
In fact, there is an association between the severity of
hepatic inflammation and fibrosis and the HVPG even
[23]
before cirrhosis develops . Longitudinal studies are
needed to assess whether OPN, as a key mediator
of the alcohol-induced effects on hepatic stellate cell
[24]
functions and liver fibrogenesis , could give similar
information.
Another important finding from our study relates to
the prognostic value of OPN.
Data are abound in the literature on the ability
of HVPG to predict overall liver-related outcomes, in
[25]
particular liver cirrhosis decompensation and variceal
[26]
[25]
hemorrhage . In a study by Ripoll et al , patients
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staging portal hypertension or patient risk stratification.
The most frequently used (and proved) prognostic
parameters in cirrhosis are based on the evaluation
of liver function (Child-Pugh classification, MELD
score). The only prognostic parameter related to portal
hypertension that is independent of other factors
was shown to be the HVPG. Our study suggests
that plasma OPN levels could stratify patients into
two groups with different prognoses, similar to the
HVPG. The survival of patients with plasma OPN
concentrations below the cut-off value of 80 ng/mL
was significantly longer compared to those patients
with higher OPN levels (56% vs 37%).
The mean follow-up interval of our patients was 3.7
years, an interval sufficiently long to consider our data
statistically significant and reliable for identification of
survival differences.
Most patients in our study had cirrhosis of ethylic
etiology (none of them presented with uncontrolled
abuse of alcohol). The number of patients with other
etiologies did not enable us to find a prognostic role,
[26]
but based on literature data
we would not expect a
significant difference.
As predicted, HVPG values correlated with different
clinical parameters of portal hypertension, such as
platelet count, size of esophageal varices, history of
variceal bleeding, and presence of ascites. Surprisingly,
plasma OPN levels correlated only with platelet count
and presence of ascites but not with “variceal-related”
parameters (size of varices or history of variceal bleeding).
However, it remains to be answered whether OPN
plasma concentration reflects the actual value of HVPG
and whether it in turn changes continuously with
HVPG changes. If indeed it does, this would enable
us, for example, to assess the effect of pharmacology
treatment on portal hypertension or to evaluate other
continuous changes in portal hypertension, otherwise
made possible only by invasive HVPG measurement
[30]
until now . Further studies are needed to address
these questions.
Another important issue is the relation of plasma
OPN concentration and HCC. Using proteomic profiling
of plasma from patients with cirrhosis and HCC, Shang
[10]
et al
identified OPN to be significantly upregulated
in HCC cases compared to cirrhosis controls. Sub
sequently, plasma concentrations of OPN measured
in cirrhotic patients, with and without HCC, revealed
significantly higher concentrations in individuals with
HCC compared with those without tumors. Recently,
[31]
Nabih et al
suggested OPN as a tumor marker,
which could be used as a screening test for the
diagnosis of HCC in patients with liver cirrhosis caused
by the hepatitis C virus. No relationship of plasma OPN
or HVPG levels to occurrence of HCC was found in
our cohort of patients. This could be partly due to the
limited number of patients with available clinical data
with regard to HCC (81 of 154 patients) and partly due
to the low incidence of HCC in our patients, which is in
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concordance with the generally low incidence of HCC in
[9]
the Czech Republic .

Limitations

Some limitations of our study to consider are the
lack of a validation cohort and the strong regional
focus on enrolled patients in this study. The main
influence within our examined region mainly pertains
to the high percentage of alcoholic cirrhosis in our
patients. Another limitation is the lack of liver stiffness
measurement in our patients, which has been shown
to perform well in the detection of clinically significant
portal hypertension, especially in combination with the
[32]
platelet count/spleen diameter ratio .
In conclusion, we report a close relationship
between plasma concentrations of OPN and portal
hypertension in cirrhotic patients, a fact not known
until now. OPN could be used to detect significant
portal hypertension even in compensated patients
without ascites. Our results also indicate that OPN is an
independent prognostic parameter of overall survival in
cirrhotic patients and that it could be incorporated into
prognostic models in patients with liver cirrhosis. The
role of OPN in the evaluation of responses to portal
hypertension treatments should be explored in future
studies.
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Abstract
AIM: To study differences in the visceral sensitivity of
the colonic mucosa between patients with diarrheapredominant irritable bowel syndrome (IBS-D) and
those with ulcerative colitis (UC) in remission and
to relate these differences with changes in the
5-hydroxytryptophan (5-HT) signaling pathway.

Clinical trial registration statement: The clinical trial is
registered with Clinical Trials.gov.
Informed consent statement: All of the study participants,
or their legal guardian, provided written consent prior to study
enrollment.

METHODS: Gastrointestinal symptoms were used
to determine the clinical symptom scores and rectal
visceral sensitivity of patients with IBS-D and patients
with UC in remission. Blood levels of 5-HT and
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5-hydroxyindoleacetic acid (5-HIAA) were measured
using an HPLC-electrochemical detection system. The
levels of 5-HT 3 receptor (3R), 4R, and 7R mRNAs in
colonic biopsy samples were detected using reverse
transcription-polymerase chain reaction. The protein
expression of TPH1 was analyzed by Western blot and
immunohistochemistry.

medical treatment for the two types of common
intestinal diseases related to 5-HT signaling pathways.
These data will also provide new insights into future
methods for the application of traditional Chinese
medicine.
Yu FY, Huang SG, Zhang HY, Ye H, Chi HG, Zou Y, Lv RX,
Zheng XB. Comparison of 5-hydroxytryptophan signaling
pathway characteristics in diarrhea-predominant irritable bowel
syndrome and ulcerative colitis. World J Gastroenterol 2016;
22(12): 3451-3459 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i12/3451.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i12.3451

RESULTS: Abdominal pain or discomfort, stool
frequency, and the scores of these symptoms in
combination with gastrointestinal symptoms were
higher in the IBS-D and UC groups than in the
control groups. However, no significant differences
were observed between the IBS-D and UC remission
groups. With respect to rectal visceral sensitivity, the
UC remission and IBS-D groups showed a decrease in
the initial perception threshold, defecating threshold
and pain threshold. However, these groups exhibited
significantly increased anorectal relaxation pressure.
Tests examining the main indicators of the 5-HT
signaling pathway showed that the plasma 5-HT levels,
5-HIAA concentrations, TPH1 expression in the colonic
mucosa, and 5-HT3R and 5-HT5R expression were
increased in both the IBS-D and the UC remission
groups; no increases were observed with respect to
5-HT7R expression.

INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most
common functional gastrointestinal disorders, but
its pathogenesis is poorly understood. Ulcerative
colitis (UC) is a chronic non-specific inflammatory
gastrointestinal disease. The pathogenesis of UC may
be related to genetic factors, intestinal flora, immune
disorders, dietary allergies, and anxiety.
Abdominal pain is an important symptom in
UC patients, and visceral hypersensitivity is the
most widely known cause of abdominal pain. The
5-hydroxytryptophan (5-HT) signaling pathway is
important for both sensory signal transduction in
gastrointestinal motility and the development of
[1-4]
visceral hypersensitivity .
In this study, we determined the blood levels of
5-HT and 5-hydroxyindoleacetic acid (5-HIAA) using
a high performance liquid chromatography (HPLC)electrochemical detection system. We used reverse
transcription-polymerase chain reaction (RT-PCR) to
assay the transcriptional levels of 5-HT 3 receptor (3R),
4R, and 7R in biopsied colonic tissue samples. The
protein expression of tryptophan hydroxylase 1 (TPH1)
was determined using Western blot, and serotonin
levels were detected via immunohistochemistry.
These assays were performed using samples from
normal, diarrhea-predominant IBS (IBS-D), and UC
patients. The results obtained will provide a new
theoretical basis for the Chinese medical treatment of
the two common intestinal diseases that are related
to 5-HT signaling. These data will also provide new
insights into future applications of traditional Chinese
medicine.

CONCLUSION: The IBS-D and UC groups showed
similar clinical symptom scores, visceral sensitivity,
and levels of serotonin signaling pathway indicators
in the plasma and colonic mucosa. However, the pain
threshold and 5-HT7R expression in the colonic mucosa
were significantly different between these groups.
The results reveal that (1) IBS-D and UC are related
to visceral sensitivity pathogenesis and the clinical
manifestations of these conditions and (2) the observed
differences in visceral hypersensitivity are possibly
due to differences in levels of the 5-HT7 receptor, a
component of the 5-HT signaling pathway.
Key words: Stomach type diarrhea; Diarrhea-predominant
irritable bowel syndrome; Ulcerative colitis in remission;
5-Hydroxytryptophan
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Irritable bowel syndrome (IBS) is among the
most common functional gastrointestinal disorders,
but its pathogenesis is not understood. Ulcerative
colitis (UC) is a chronic non-specific inflammatory
gastrointestinal disease. Visceral hypersensitivity is
the most well-known cause of abdominal pain related
to diarrhea-predominant IBS (IBS-D) and UC. The
5-hydroxytryptophan (5-HT) signaling pathway is
important for both sensory signal transduction in
gastrointestinal motility and the development of visceral
hypersensitivity. This study examined visceral sensitivity
differences in the colonic mucosa between IBS-D and
UC remission groups with respect to the 5-HT signaling
pathway. We offer a new theoretical basis for Chinese
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MATERIALS AND METHODS
Diagnostic criteria

The diagnostic criteria for IBD were based on the
Consensus Norms for Chinese Diagnosis and Treatment
of Inflammatory Bowel Disease, which were issued in
2008 by the Inflammatory Bowel Disease Collaborative
Group of the Chinese Medical Association Digest
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Anorectal manometry

Table 1 Comparison of age, sex and duration of remission
Healthy group

UC remission group

IBS-D group

30
23-62,
(42.5 ± 19.5)
15 females,
15 males
None

33
22-56,
(39 ± 17)
15 females,
18 males
1.8 ± 18.2

30
18-60,
(39 ± 21)
16 males,
14 females
1.6 ± 20.4

Cases
Age (yr),
mean age
Sex
Duration (yr)

A Synectics Visceral Stimulator (CTD-Synectics Medical
Company, Sweden) was used as a whole digestive tract
detector. This device consists of an electronic pressure
pump for monitoring gastrointestinal tension as well
as a capillary perfusion digestive pressure monitoring
system. The catheter used for anorectal manometry
had an outer diameter of 0.8 cm, with a 10 cm × 8
cm air sac at the front end. The gas injection channel
and the balloon pressure channel at the opening
of the balloon were connected with an electronic
pressure pump during the procedure. Four perfusion
manometry channels (1 cm apart) were located 14 cm
from the catheter tip and were connected with a PC
Polygraf apparatus during testing. Patients undergoing
anorectal manometry kept a normal diet and received
a fecal enema a few days prior to testing. The patient
was placed in the left lateral supine position, and the
catheter was inserted following anal dilation until the
four perfusion pressure measurement channels were in
the high-pressure zone. The manometry catheter was
then fixed. First, the anal sphincter resting pressure
was recorded, and the patient was then asked to
contract the anus for detection of maximum diastolic
blood pressure and to defecate to detect sphincter
diastolic blood pressure. We tested patient sensation
and compliance using the electronic pressure pump.
Gas was injected into a balloon using a 20 mL gas
injection gradient at a rate of 38 mL/h. The patients’
initial sensory thresholds, defecation thresholds and
pain thresholds were observed. The pressure between
the wall of the balloon and the intestine during gas
injection was detected, and a compliance curve was
made to determine the maximum compliance value.

UC: Ulcerative colitis; IBS-D: Diarrhea-predominant irritable bowel
syndrome.

[5,6]

Credits. UC patients were not included in this group .
UC activity was assessed according to Mayo’s Disease
Activity Index (DAI), which considers the frequency of
bowel movements, blood in the stool, colonic mucosal
inflammation and the physician’s overall evaluation.
Cases of UC were judged to be in remission if the
evaluation score was ≤ 2.

Inclusion and exclusion criteria

Inclusion criteria were: (1) meeting the UC or IBS-D
criteria; (2) being 19-60 years of age; and (3) signing
an informed consent form. Exclusion criteria were: (1)
having colon cancer; (2) having other autoimmune
diseases, such as systemic lupus erythematosus and
multiple sclerosis; and (3) having other tumors or
digestive issues.

General information

We selected patients treated at University City Branch
of Guangdong Provincial Hospital and Nanfang Hospital
from June 2012 to January 2014. The normal control
group consisted of healthy individuals. We selected
33 patients with UC in remission, 30 IBS-D patients
and 30 healthy participants. There were 18 males
and 15 females with UC in remission, and they were
aged from 22 to 56 years. The average age was 39 ±
17 years, and the average duration of the condition
was 1.8 ± 18.2 years. No significant differences were
observed in age, sex, or duration of remission between
the analyzed groups (P > 0.05) (Table 1).

Symptom score

Samples and detection reagents

Three milliliters of venous blood were obtained from all
of the subjects for HPLC analysis. Colonoscopies were
also carried out for all subjects. The specimen collection
was approved by the hospital ethics committee. A
polyclonal antibody for the serotonin transporter
(SERT) was purchased from Beijing Bioss. The rabbit
and mouse anti-human immunohistochemistry kits
and the DAB reagent kit were purchased from Beijing
Zhongshan Golden Bridge Company. A rabbit-anti-rat
TPH1 antibody (Santa Cruz, United States), a mouseanti-rat β2-actin antibody (Ab-cam, United States),
mouse and rabbit secondary antibodies (KPL, United
States) and TRIzol Reagent (Invitrogen, United States)
were used. SDS-PAGE apparatus (BIO-RAD, United
States), a DY2CZ-40B electrophoretic transfer tank
(Beijing Liuyi, China) and image analysis system (UVP)
were used for protein detection. RNA extraction was
performed according to the kit’s instructions, and
OD260 was measured using a UV spectrophotometer
(UV-1601). RT-PCR primers for the examined genes
and the internal control (GAPDH) were synthesized by
SANGON. A tissue RNA extraction kit was purchased

[2]

The gastrointestinal symptoms rating scale (GSRS)
was used. For symptom rating, the considered symp
toms/complaints included the degree of abdominal
pain or discomfort, the frequency of stool passage,
abnormal stool frequency, abnormal bowel move
ment frequency (bowel problems, defecation), and
frequency of mucus in the stool. The severity was
scored as follows: 0, symptom not present; 1, mild;
2, moderate; and 3, severe. Frequency rating was as
follows: 0, symptom did not occur; 1, occasionally
(symptomatic between 1% and 24% of the time); 2,
often (symptomatic between 25% and 50% of the
time); and 3, sustained (> 50% of the time).
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from Invitrogen. A reverse transcription kit was purchased
from PROMEGA, and RNase AWAY was purchased
from QIAGEN. All of these procedures were carried out
according to the kits’ instructions.

and isopropyl alcohol was added (0.5 mL isopropanol/1
mL TRIzol). The samples were incubated for 10 min
at 15-30 ℃ and centrifuged at 12000 r/min (4 ℃) for
10 min. The supernatant was discarded, and 75%
ethanol was used to wash the precipitate (at least
1 mL 75% ethanol/1 mL TRIzol). Then, the sample
was centrifuged at 500 r/min for 5 min at 4 ℃, and
the ethanol was removed. The precipitate was dried
for 5-10 min in air (the sample was not allowed to
dry completely). DEPC-treated water was added to
dissolve the RNA, which was stored at -80 ℃. The
RNA was reverse transcribed to cDNA. The cDNA was
used as a template for PCR amplification with two
pairs of primers. The first pair recognized the 5-HT3R
gene (forward: 5’-CAAGCCACCAAGACTGATGA-3’;
reverse: 5’-AACCAGGGTGATGCTGTAGG-3’). The
expected amplified fragment length was 290
bp. The second primer pair recognized GAPDH
(forward: 5’-GAGTCAACGGA1TITI1GGTCGT-3’;
reverse: 5’-CCATCCACAGTCTrCTGGGT-3’), and the
expected amplified fragment length was 577 bp.
The reaction conditions were as follows: 94 ℃ for
3 min; 30 cycles of 94 ℃ for 30 s, 59 ℃ for 30 s,
and 72 ℃ for 1 min; and final extension for 5 min
at 72 ℃. The primers for the 5-HT7R gene were
5 -GCTCATCACGCTGCTGACGAT-3 (forward) and
5’-CGCCAGGGACACAATCAGG-3 (reverse), amplifying
a 106-bp fragment. The specific steps were carried
out according to kit instructions. Eight microliters of
the PCR product and 2 μL DNA loading buffer were
mixed to perform 2% agarose gel electrophoresis,
and a 100-bp molecular weight standard was added
as a control marker. The electrophoresis data were
analyzed using a gel imaging system. The location of
the desired product was determined, and the gray area
densities on the gel images were used to represent
gene expression. The mRNA levels of GAPDH and the
5-HT3R, 4R, and 7R genes were determined in a semiquantitative manner.

Indicator detection

5-HT and 5-HIAA in serum were detected using an
HPLC-electrochemical detector system.

Determination of TPH1 protein in the colonic mucosa by
Western blot

3

The specimens were cut into small pieces of 1 mm
and washed thoroughly with PBS. After the addition of
lysis buffer, the samples were incubated for 2 h at 4 ℃.
The samples were then centrifuged and denatured.
The supernatant was immediately analyzed or stored
at -80 ℃.
After electrophoresis, the proteins were transferred
to a PVDF membrane using wet transfer. The mem
brane was blocked in 5% skim milk for 2 h at room
temperature and then incubated with rabbit anti-TPH1
(1:200) or mouse anti-β2 actin (1:1000) antibody at
4 ℃ overnight. The membrane was incubated at room
temperature with an anti- rabbit or mouse secondary
antibody, as appropriate (1:1000 and 1:500) for 2 h.
Photographs were taken after ECL coloration. Image
analysis was carried out, and the gray ratio of TPH1 to
β-actin was measured.
Immunohistochemical detection of serotonin
in the colonic mucosa: Specimens were processed
using conventional immobilization, embedding and
sectioning. Serotonin levels were detected in each
group using immunohistochemistry. Briefly, the SERT
protein antigen was retrieved via hot fixation with
EDTA (130-160 ℃, 1-2 min). PBS was employed as a
negative control. Under a microscope (magnification
× 200), three areas of positively stained cells were
randomly selected for each slice to observe and
calculate the average gray value. A digital image
acquisition system and an HPIAS-1000 high-resolution,
color pathology report analysis system were used
for this procedure. The gray value was inversely
proportional to the expression level, i.e., the higher the
gray value, the lower the level of expression.

Statistical analysis

SPSS 13.0 software was used to analyze the results.
The statistical data are expressed as the mean ± SD
and were analyzed using single-factor analysis of
variance (ANOVA).

Detection of 5-HT3R, 4R, and 7R expression in the
colonic mucosa by RT-PCR

RESULTS
Changes of gastrointestinal symptom scores in each
group

The obtained tissue blocks (approximately 100
mg) were homogenized, and TRIzol was added
(approximately 2 mL TRIzol per 100 mg tissue). Frozen
homogenized tissue was transferred to Eppendorf
tubes and incubated for 5 min at 15-30 ℃. Chloroform
was added (0.2 mL chloroform/1 mL TRIzol), after
which the samples were shaken for 15 s and incubated
for 2-3 min at 15-30 ℃. The samples were then
centrifuged at 12000 r/min for 15 min at 4 ℃. The
supernatant was transferred to a new Eppendorf tube,

WJG|www.wjgnet.com

The IBS-D and UC remission groups exhibited increased
abdominal pain or discomfort, stool frequency, stool
mucus integration and total gastrointestinal symptom
scores compared with the normal control group.
Various gastrointestinal symptom scores and the total
symptom score of UC patients were higher than those
for the IBS-D group, but no significant differences
were observed between these two groups (Figure 1,
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Figure 1 Changes in gastrointestinal symptom scores in each group. aP < 0.05, bP < 0.01 vs normal. UC: Ulcerative colitis; IBS-D: Diarrhea-predominant irritable
bowel syndrome.

Detection of TPH1 protein expression by Western blot

Table 2 Comparisons of changes in the gastrointestinal
symptom scores of patients in each group (mean ± SD)
Symptom
Abdominal pain or discomfort
Stool frequency
Stool
Mucus
Defecation
Total score
a

Normal

IBS-D

UC in remission

0.25 ± 0.05
0.55 ± 0.05
0.75 ± 0.05
0.10 ± 0.03
0.55 ± 0.05
1.75 ± 0.23

1.84 ± 0.67a
1.46 ± 0.58a
1.44 ± 0.67a
1.04 ± 0.84b
1.06 ± 0.74
6.83 ± 1.86a

2.84 ± 0.81b
2.34 ± 0.76b
1.89 ± 0.87b
1.58 ± 0.67b
1.86 ± 0.86b
9.51 ± 1.91b

TPH1 expression was significantly increased in patients
with IBS-D and UC in remission (P < 0.05) compared
with the control group. The difference between the
IBS-D group and the UC remission group was not
significant (P > 0.05) (Figure 3, Table 5).

5-HT3R, 4R, and 7R mRNA detection
The 5-HT3R expression levels in the colonic mucosa
were significantly higher in both the IBS-D and UC
remission groups compared with those in the normal
control group, although there was no significant
difference (P > 0.05) between the UC group and the
IBS-D group. 5-HT7R expression in the UC group was
elevated compared with the IBS-D and normal control
groups, and these differences were significant (P <
0.05). The difference in 5-HT7R expression between
the IBS-D group and the normal control group was
not significant (P > 0.05). 5-HT4R expression levels
in the colonic mucosa of patients with IBS-D and UC
in remission were significantly lower than those in the
normal control group (P < 0.05), although there was
no significant difference between the IBS-D group and
UC remission group (P > 0.05) (Figure 4).

b

P < 0.05, P < 0.01 vs normal. UC: Ulcerative colitis; IBS-D: Diarrheapredominant irritable bowel syndrome.

Table 2).

Testing of anorectal motility and rectal visceral
sensation

The anorectal pressure measurement results for
each group are shown in Table 3. The initial sensory
thresholds, defecation threshold and pain thresholds in
the UC remission and IBS-D groups were significantly
lower compared with those in the healthy control group
(P < 0.05). In addition, anorectal relaxation pressure
was significantly higher in both the UC remission and
IBS-D groups compared to the control (P < 0.05).
There were no significant differences in the initial
sensory thresholds, defecation threshold or anorectal
relaxation pressure between the UC remission and
IBS-D groups, although these values were lower in the
IBS-D group (P > 0.05). A significant difference was
observed, however, for pain thresholds between these
two groups (P < 0.05).

SERT protein expression

The SERT is widely expressed in the membrane and
cytoplasm of cells in the colon. In this study, cells with
positive expression were stained brown. Compared
with the control group, the number of positive cells and
staining density were both lower in the IBS-D and the
UC groups. The PBS negative control group showed
no positive staining. The gray values of each group fell
within a normal distribution (P = 0.2). All of the results
are shown in Table 6, and the gray values of the IBS-D
and UC groups were significantly higher than those in
the control (P < 0.05), while no statistical significance
was observed between these two groups (P > 0.05)
(Figure 5, Table 7).

Measurements of 5-HT and 5-HIAA contents with an
HPLC-electrochemical detector system

Plasma concentrations of 5-HT and 5-HIAA in patients
with IBS-D and UC in remission were significantly
increased relative to the controls (P < 0.05). The
differences between the IBS-D and UC remission groups
were not significant (P > 0.05) (Figure 2, Table 4).
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Table 3 Testing of anorectal motility and rectal visceral sensation in each group

Initial sensory threshold (mL)
Defecation threshold (mL)
Pain threshold (mL)
Maximum compliance (mL/mmHg)
Resting pressure (mmHg)
Relaxation pressure (mmHg)
Relaxation pressure (mmHg)

Normal

IBS-D

UC in remission

50.18 ± 4.19
69.15 ± 10.75
105.90 ± 20.15
4.95 ± 1.81
62.15 ± 15.21
105.15 ± 60.15
43.18 ± 22.50

23.91 ± 10.15a
35.17 ± 12.71a
70.10 ± 11.25a
5.02 ± 1.75
65.54 ± 13.15
140.50 ± 55.50a
45.15 ± 20.65

20.10 ± 9.17b
21.28 ± 10.32b
50.33 ± 12.30b
4.98 ± 1.91
63.27 ± 10.15
138.69 ± 52.82a
46.10 ± 19.97

P < 0.05, bP < 0.01 vs normal. UC: Ulcerative colitis; IBS-D: Diarrhea-predominant irritable bowel syndrome.

a

Concentration (nmol/L)
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a
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a
a

Figure 2 Comparison of 5-HT and 5-HIAA concentrations in each group.
a
P < 0.05 vs normal. UC: Ulcerative colitis; IBS-D: Diarrhea-predominant
irritable bowel syndrome.

Table 4 Comparison of 5-HT and 5-HIAA concentrations in
each group (mean ± SD)

Normal
IBS-D
UC in remission

5-HT (nmol/L)

5-HIAA (nmol/L)

10.55 ± 1.35
35.31 ± 2.15a
33.85 ± 1.55a

1.15 ± 0.15
8.50 ± 1.50a
8.15 ± 1.35a

0.10

0.05

0

Normal

IBS-D

Remission UC

Figure 3 TPH1 protein expression in the colonic mucosa of patients
from each group. aP < 0.05 vs normal. UC: Ulcerative colitis; IBS-D: Diarrheapredominant irritable bowel syndrome.

a

P < 0.05 vs normal. UC: Ulcerative colitis; IBS-D: Diarrhea-predominant
irritable bowel syndrome.

Table 5 TPH1 protein expression in the colonic mucosa of
patients in each group

DISCUSSION
IBS is one of the most common clinical functional
gastrointestinal disorders, but the pathogenesis of IBS
is unclear. UC is a chronic non-specific inflammatory
gastrointestinal disease, and its pathogenesis may
be related to genetic factors, intestinal flora, immune
disorders, dietary allergies and anxiety. Abdominal pain
is a frequent symptom in UC patients, and visceral
hypersensitivity is currently the most widely used
[3]
explanation for abdominal pain. Research shows
that 5-HT plays an important role in the formation of
intestinal peristalsis, signal transduction and visceral
[4]
hypersensitivity .
[7]
Ohman et al used an enema containing acetic
acid in SD rats. After 7 d, a histological examination
of myeloperoxidase staining revealed normal results,
but the rats showed a high sensitivity to intestine

WJG|www.wjgnet.com

0.15

Group
Normal
IBS-D
UC in remission

TPH1
0.032 ± 0.015
0.183 ± 0.034a
0.185 ± 0.027a

a

P < 0.05 vs normal. UC: Ulcerative colitis; IBS-D: Diarrhea-predominant
irritable bowel syndrome.

expansion; after constant pressure stimulation, defecation
was higher than that in the normal control group. This
previous study revealed that both intestinal damage
and high levels of intestinal smooth muscle tension
were associated with high visceral sensitivity.
Another study found that visceral sensitivity was
involved in UC disease activity, stage and involvement
[8]
scope .
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Figure 5 Comparison of serotonin transporter protein gray values. aP <
0.05 vs normal. UC: Ulcerative colitis; IBS-D: Diarrhea-predominant irritable
bowel syndrome.
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Remission UC

Table 7 Comparison of serotonin transporter protein gray
values

0.8
a

0.6

Group
Normal
IBS-D
Ulcerative colitis

0.4
a
0.2

a

a

a

5-HT4R

5-HT7R

constipation, diarrhea, IBS, functional dyspepsia and
other diseases. SERT is the most important protein
in mediating the biological activity of 5-HT. Selective
serotonin reuptake inhibitors block 5-HT reuptake by
acting on the SERT, increasing 5-HT concentrations
in the synaptic cleft. We found that such drugs can
effectively relieve some of the symptoms, especially
[10-16]
abdominal pain, of IBS patients
. In summary,
SERT plays an important role in the generation of
visceral hypersensitivity. 5-HT functions through a
variety of 5-HT receptors. The multiple types of 5-HT
receptors in the intestine have different functions
on smooth muscle cells. Among these receptors,
both 5-HT3 and 5-HT4 are closely related to the
pathogenesis of IBS-D. The 5-HT3 receptor is a ligandgated anion channel that is expressed in the external
sensory neurons of the intestinal tract. This receptor
transmits injury signals to the central nervous system,
acting as a rapid onset excitatory neurotransmitter on
5-HT neurons, and is closely related to the regulation
of visceral sensitivity. The 5-HT4 receptor is a G
protein-coupled metabotropic receptor. The opening
of voltage-sensitive calcium channels stimulates
the release of other neurotransmitters that play an
important role in the gastrointestinal tract, such as
calcitonin gene-related peptide and substance P. These
neurotransmitters thereby affect gastrointestinal
[4,5]
motility and visceral sensation . This study shows
that visceral hypersensitivity usually manifests as

Table 6 5-HT3R, 4R, and 7R receptor mRNA expression
levels in each group
5-HT3R

Normal
IBS-D
UC in remission

0.086 ± 0.05
0.499 ± 0.012a
0.954 ± 0.022a

5-HT4R

5-HT7R

0.155 ± 0.0913
0.013 ± 0.067a
0.015 ± 0.059a

0.1097 ± 0.0405
0.0911 ± 0.0501a
0.1711 ± 0.0845a

a

P < 0.05 vs normal. UC: Ulcerative colitis; IBS-D: Diarrhea-predominant
irritable bowel syndrome.

5-HT is both an important signaling molecule in
the gastrointestinal tract and a neurotransmitter.
Approximately 95% of 5-HT is in the intestine, where
90% is stored in enterochromaffin cells (ECs). The
5-HT transporter (SERT) is present in the central
nervous system and digestive tract, where it is
expressed to a high degree in neurons and intestinal
epithelial cells of the intestinal tract. In these cells,
SERT can mediate the effects of 5-HT by rapidly
uptaking 5-HT. Abnormalities in the 5-HT signal
[9]
system can cause gastrointestinal motility problems,
secretion function abnormalities and high visceral
sensitivity. Moreover, abnormalities in this signaling
pathway are closely related to abdominal pain, chronic
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154.8 ± 10.5
169.1 ± 10.1a
173.0 ± 8.4a

P < 0.05 vs normal. IBS-D: Diarrhea-predominant irritable bowel
syndrome.

Figure 4 5-HT3R, 4R, and 7R receptor mRNA expression in each group. aP
< 0.05 vs normal. UC: Ulcerative colitis; IBS-D: Diarrhea-predominant irritable
bowel syndrome.
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in the pathogenic mechanism of visceral hypersensitivity in the two disease
models. This study aims to make theoretical contributions to the field and to
stimulate innovation with respect to understanding and treating the pathogenic
mechanisms of the considered diseases.

hyperalgesia and allodynia, which have been linked to
[16]
5-HT1A, 5-HT2A, 5-HT3R, 5-HT4R, and 5-HT7R .
Compared with the healthy group, patients in
both disease groups experienced abdominal pain or
discomfort and passed stools frequently. The scores
of these symptoms coupled with the gastrointestinal
symptoms were higher in the IBS-D and UC groups
than in the control group. However, there was no
significant difference between the IBS-D and UC
remission groups. In the rectal visceral sensitivity
test, the UC remission and IBS-D groups showed
decreases in the initial perception threshold, the
defecating threshold and the pain threshold; however,
these groups exhibited significantly increased
anorectal relaxation pressure. With respect to the
primary indicators of the 5-HT signaling pathway,
the IBS-D and UC remission groups both exhibited
increased levels of plasma 5-HT and 5-HIAA, elevated
TPH1 expression in the colonic mucosa, and higher
expression of 5-HT3R and 5-HT5R. No such increase
was observed in the expression of 5-HT7R.
In summary, we have found that the IBS-D and UC
groups showed similar changes in clinical symptom
scores, visceral sensitivity and indicators of serotonin
signaling pathway in the plasma and colonic mucosa.
However, both the pain threshold and 5-HT7R ex
pression in the colonic mucosa were significantly
higher in UC patients. This study examined colonic
visceral sensitivity differences between the IBS-D and
UC remission groups with respect to the 5-HT signaling
pathway. We offer a new theoretical basis for Chinese
medicine for treatment of the two common intestinal
diseases that are related to 5-HT signaling. These data
will also provide novel insights into potential traditional
Chinese medicine applications for the treatment of
these conditions.

Applications

The results suggest that patients with IBS-D and UC groups exhibit similar
symptoms with respect to clinical symptom scores, visceral sensitivity, and
indicators of the serotonin signaling pathway in the plasma and colonic
mucosa. However, the pain threshold and 5-HT7R expression in the colonic
mucosa were significantly higher for both groups relative to the control. The
results reveal that both conditions are associated with visceral sensitivity
and clinical manifestations, and evidence was provided showing that visceral
hypersensitivity may be due to differences in levels of the 5-HT7 receptor, which
is a component of the 5-HT signaling pathway.

Terminology

5-HT is an important signaling molecule in the central nervous system and
is involved in a variety of physiological and psychological functions. There is
a close relationship between 5-HT signaling and functional gastrointestinal
diseases. Therefore, it is necessary to study the role of this signaling pathway
in terms of its functional role in the pathogenesis of UC and for guiding clinical
treatment.

Peer-review

This is a well-designed descriptive study in which the authors have analyzed
the inhibitory effect of the 5-HT signaling pathway (especially 5-HT7R) and its
important role in both the sensory signal transduction of gastrointestinal motility
and the development of visceral hypersensitivity.
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Abstract
AIM: To assess the cost-effectiveness of two populationbased hepatocellular carcinoma (HCC) screening
programs, two-stage biomarker-ultrasound method and
mass screening using abdominal ultrasonography (AUS).

Supported by Kaohsiung Municipal Min-Seng Hospital (KMSH
9702).
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METHODS: In this study, we applied a Markov decision
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model with a societal perspective and a lifetime horizon
for the general population-based cohorts in an area
with high HCC incidence, such as Taiwan. The accuracy
of biomarkers and ultrasonography was estimated from
published meta-analyses. The costs of surveillance,
diagnosis, and treatment were based on a combination
of published literature, Medicare payments, and
medical expenditure at the National Taiwan University
Hospital. The main outcome measure was cost per lifeyear gained with a 3% annual discount rate.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
[1]
common cancers worldwide . In Taiwan, HCC is
the leading cause of cancer death, accounting for
[2]
more than 7000 deaths annually . Previously, we
demonstrated that increasing incidence rather than
poor survival accounts for the rapid rise in mortality
[3]
rate from HCC in Taiwan . Because the major cause
[4]
of HCC is related to hepatitis B infection in Taiwan ,
a nationwide vaccination program was launched
in 1984, resulting in a significant reduction in the
[5]
incidence of childhood HCC . Nonetheless, adults
older than 30 years old are not covered by the
nationwide vaccination program, and the incidence
of HCC has been increasing in this population. Since
the seroprevalence of hepatitis B virus and hepatitis C
[6]
virus is nearly 20% in our country , a large number
of individuals are at increased risk of developing HCC.
Hence, a population-based screening program is
needed for the early detection of HCC to facilitate a
favorable survival rate. In many countries, abdominal
ultrasonography (AUS)-based imaging technique (with
or without α-fetoprotein, AFP) is used to detect early
[7,8]
stage HCC . Several studies on mass screening
for high risk individuals have also demonstrated that
screening for HCC using AUS-based tools resulted
in improved survival compared with the unscreened
[9,10]
control
.
The conventional method for HCC screening is
to first identify high-risk individuals by using a con
stellation of biomarkers. These high-risk individuals are
further referred to undergo AUS. In previous studies,
population-based two-stage liver cancer screening
program for high risk individuals has proven efficacious,
with a reduction of mortality up to 41% after adjusting
[10]
for independent risk factors . On the other hand,
AUS, with or without AFP, has been proposed to
[11-14]
screen HCC in high HCC endemic countries
. There
are pros and cons for both two-stage biomarkerultrasound and one-stage AUS. The two-stage method
is efficient, but the AUS referral is a barrier for highrisk subjects identified at the first stage. One-stage
AUS may dispense with the referral issue but with
increased cost and false positive rate. In addition, its
relative costs and effectiveness, particularly the longterm outcome, have yet to be estimated.
The choice of either a two-stage method or onestage AUS screening is of great interest to health policymakers in high endemic HCC areas. The primary aim
of this study is to compare the cost-effectiveness of the
two above mentioned strategies. The optimal initial age
and inter-screening interval are also investigated.

RESULTS: The results show that the mass screening
using AUS was associated with an incremental costeffectiveness ratio of USD39825 per life-year gained,
whereas two-stage screening was associated with
an incremental cost-effectiveness ratio of USD49733
per life-year gained, as compared with no screening.
Screening programs with an initial screening age of 50
years old and biennial screening interval were the most
cost-effective. These findings were sensitive to the
costs of screening tools and the specificity of biomarker
screening.
CONCLUSION: Mass screening using AUS is more cost
effective than two-stage biomarker-ultrasound screening.
The most optimal strategy is an initial screening age at
50 years old with a 2-year inter-screening interval.
Key words: two-stage biomarker-ultrasound screening;
one-stage abdominal ultrasonography screening;
Markov model; cost-effectiveness; sensitivity analysis;
age
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) mortality
could be reduced by early detection. Previous studies
have investigated the cost-effectiveness of different
surveillance intervals and screening modalities but
were restricted to high risk populations. We conducted
a cost-effectiveness analysis of mass screening for
HCC with abdominal ultrasonography for the general
population and compared it to the existing two-stage
biomarker-ultrasound screening in an area with high
HCC incidence. The findings suggest early detection
of HCC with abdominal ultrasonography may be useful
for the general population in an area with high HCC
incidence not covered by hepatitis B vaccination.
Kuo MJ, Chen HH, Chen CL, Fann JCY, Chen SLS, Chiu
SYH, Lin YM, Liao CS, Chang HC, Lin YS, Yen AMF.
Cost-effectiveness analysis of population-based screening of
hepatocellular carcinoma: Comparing ultrasonography with twostage screening. World J Gastroenterol 2016; 22(12): 3460-3470
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i12/3460.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i12.3460
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MATERIALS AND METHODS
Model design and structure

We developed a Markov decision model as the frame
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work to evaluate the economics of two screening
strategies for HCC prevention - two-stage biomarkerultrasound method and mass screening using AUS compared to no screening for a hypothetical cohort of
40-year-old residents in a high HCC incidence area,
such as Taiwan.
Figure S1 shows a schematic representation of
our four-state Markov model to represent the natural
course of a hypothetical cohort with no screening.
Parameters related to disease progress were based
[10]
on Chen’s model . The population was divided
into non-cirrhotic and cirrhotic groups. We utilized
a Markov cohort simulation method to follow this
hypothetical cohort from 40 to 79 years old or until
death, whichever came first. The time cycle for our
Markov model was 1 year. The health states were
defined to capture the characteristics of HCC with
considerations of screening and treatments. We used
TreeAge Software for model construction and Winbugs
software for parameters synthesis. Parameters, such
as sensitivity and specificity of AUS screening and
mortality rate from cirrhosis, were estimated based
on the literature. The decision tree of the different
screening strategies for HCC is also shown (Figure S2).

further confirmatory diagnosis with liver biopsy and
subsequent pathological assessment. The confirmed
HCC patients were referred for oncological treatment.
Otherwise, those false positive patients returned to a
regular screening program.

Input of parameters

Disease progression and mortality rate: Table
1 reports the incidence rates, transitional rates,
and mortality rates of HCC used in the model for
our cohort. The age-specific incidence rates of HCC
were extracted from the annual report of the Cancer
[2]
Registry of Taiwan . The data sources for parameters
used in the natural history estimation are our pre
vious population-based studies and large studies on
[10,13,15]
untreated HCC
. Population-based mortality rates
for cirrhosis and non-cirrhosis adjusted for age were
obtained from published Taiwan Vital Statistics and
[2,16-19]
meta-analyses
.
Test characteristics and prognosis of clinical
practice: Parameters for test characteristics, such as
sensitivity and specificity of biochemical examinations,
in the first stage were derived from previous Taiwanese
[13,20]
studies
. The sensitivity and specificity of AUS
for both cirrhosis and HCC were extracted from two
[9,12,21,22]
previous native studies and meta-analyses
.
The prevalence of cirrhosis was derived from a two[23]
stage screening program, the KCIS program . The
treatment outcomes of screening-detected HCC were
estimated according to one large hospital-based cohort
[15]
study in Taiwan . The base-case estimate of 1 year
survival was 75% for screening-detected HCC.

Intervention strategies

The following three different strategies for HCC
screening were compared: (1) No intervention. The
cohort received no organized screening program for
HCC. The patients sought medical intervention only
when they had HCC symptoms or signs. This group
was not our comparator but provided a reference
group to oppose the other two interventions; (2)
Two-stage biomarker-ultrasound screening. In the
first stage, high risk individuals were identified
using fasting blood samples to test for hepatitis B
surface antigen (HBsAg), anti-hepatitis C virus (HCV)
antibody, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and AFP. In the second
stage, AUS was used to screen those with at least
one of the following findings: positive HBsAg or antiHCV antibody, AST ≥ 40 U/L, ALT ≥ 40 U/L, or AFP
≥ 20 ng/ml; and (3) Mass screening using AUS. All
residents in this high endemic area received AUS for
HCC screening.
For strategies 2 and 3, the inter-screening interval
was 1 year.

Attendance and compliance: A 60% attendance
rate was assumed based on our previous experience
[24]
with KCIS screening programs . In addition, compliance
rate and referral rate may vary with screening tools.
Because AUS was a non-invasive screening tool, 80% of
the referral rate was assumed based on our previous
[10,13]
community-based studies
for individuals screened
positive in the first-stage. The compliance rate of AUS
was assumed to be 80%, which is comparable to the
[9,12,24]
estimate of previous randomized trials
.
Costs: The lifetime costs for HCC encompassed
the initial costs (surgery, trans-catheter arterial che
moembolization, and chemotherapy), continuing costs
(follow-up and treatment for recurrence), and the
[25]
eventual cost of terminal care . Costs for screening
and confirmation were based on Medicare Payments
by the Bureau of National Health Insurance in Taiwan.
To acquire the data on costs of treatment, we reviewed
the records of HCC patients under treatment in the
National Taiwan University Hospital (NTUH). Indirect
costs were calculated according to data from our index

Clinical surveillance

Only those in the high risk group who had been
diagnosed as either HBsAg or anti-HCV positive in
the prevalent screen were tested for the three other
markers (AST, ALT, and AFP) in the subsequent screen.
People who had received AUS and were diagnosed
with cirrhosis received three monthly abdominal sono
gram surveillance. Under AUS, subjects suspected of
malignant nodular lesions were referred to receive

WJG|www.wjgnet.com
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Table 1 Base-case estimates and ranges used in sensitivity analysis
Variables
Natural history and prognosis, per year
Prevalence of cirrhosis
Annual transition rates
HCC incidence (1/yr)
30-39 yr
40-49 yr
50-59 yr
60-69 yr
70-79 yr
PHCC to CHCC (Non-cirrhosis)
PHCC to CHCC (Cirrhosis )
CHCC to HCC death
Age-specific mortality rate of cirrhosis
30-39 yr
40-49 yr
50-59 yr
60-69 yr
70-79 yr
Survival rate of surveillance-detected PHCC (%)
First-stage 5 markers screening characteristics
Attendance rate (%)
Sensitivity to Cirrhosis (%)
Sensitivity to HCC
Specificity to HCC
Second-stage ultrasonography screening characteristics
Compliance rate of ultrasonography (%)
Sensitivity to cirrhosis (%)
Sensitivity to HCC (%)
Specificity to HCC (%)
Direct cost (USD)
Biochemical test
HBsAg
HCVAb
GOT
GPT
AFP
Ultrasonography
Confirmation (USD)
Triple-phase abdominal CT
Ultrasonic guidance for biopsy
Liver puncture
Specimen examinations of pathology
Treatment (USD)
Initial cost of HCC treatment
Continuing cost of HCC treatment
Incurable-cancer care (average)
Indirect cost (USD)
Screening time (h)
Person accompanied for screening
Time spent for ultrasonography
Confirmation time (h)
Person accompanied for confirmation
Inpatient hospitalization (d)
Inpatient recovered at home (d)
Person accompanied for inpatient care
Outpatient time per visit (h)
Outpatient visit per year
Patient accompanied for outpatient visit
Inpatient of terminal care (d)
Person accompanied for terminal care
Average work per month (h)
Production value per hour (USD)
Discount rate (%)

Base-case

Distribution of probabilistic sensitivity analysis

Ref.

1.77%

Β (1069, 59257)

[23]

NC
Cirrhosis
0.00012
0.0024
0.00036
0.0070
0.00100
0.0200
0.00210
0.0410
0.00430
0.0820
0.376 (0.157- 0.595)
0.637 (0.21-1.06)
1.05 (0.93-1.18)

NC
Cirrhosis
Gamma (0.06, 510)
Gamma (0.23, 96)
Gamma (0.33, 1190)
Gamma (1.2, 220)
Gamma (3.07, 3614)
Gamma (10, 632)
Gamma (19, 8928)
Gamma (67, 1640)
Gamma (79, 18280)
Gamma (269, 3280)
Gamma (11.3, 30.1)
Gamma (8.7, 13.6)
Gamma (1.14, 1.09)

0.0046
0.0086
0.0170
0.0380
0.0980
75

Gamma (0.2, 49.4)
Gamma (0.8, 92.3)
Gamma (3.1, 182.4)
Gamma (15.5, 407.7)
Gamma (103, 1051.5)
Gamma (11.2, 15.8)

[2,16-19]

60
80
95
70

Β (23654, 18733)
Β (62, 15)
Β (50, 1)
Β (9493, 4282)

[9,13,24]
[20]
[13]
[13]

80
75
83
97

Β (16394, 3212)
Β (11, 3)
Β (48, 10)
Β (20137, 637)

[9,13,24]
[21]
[9,12,22]
[9,12,22]

[2,10,23]

[10,15]

[15]

4.7
7.4
1.5
1.5
5.9
26

BNHI
BNHI
BNHI
BNHI
BNHI
BNHI

148
38.3
36
51.2

BNHI
BNHI
BNHI
BNHI

4892
4266
5691

Lognormal (8.28, 0.53)
Lognormal (8.18, 0.46)
Lognormal (8.36, 0.81)

0.5
0
4
8
1
15
15
1.69
4
9.7
0.77
30
1
184
7.6
3

NTUH
NTUH
NTUH
[10,26]
[10,26]
[10,26]
NTUH, [26]
NTUH, [26]
NTUH
[26]
[26]
[26]
NTUH
[26]
NTUH
[26]
DGBAS
DGBAS

NC: non-cirrhosis; HCC: hepatocellular carcinoma; PHCC: preclinical hepatocellular carcinoma; CHCC: clinical hepatocellular carcinoma; CT: computed
tomography; GNP: gross national product; BNHI: Bureau of the National Health Insurance; NTUH: National Taiwan University Hospital; DGBAS:
Directorate General of Budget, Accounting and Statistics.
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[26,27]

hospital and previous studies
. All future costs and
life-years were discounted to the present value at an
annual rate of 3%. Base-case values and ranges used
in the sensitivity analyses are summarized in Table 1.

screening intervals were also compared by a series
of acceptability curves and ICE scatter plots based
on repeated Monte Carlo simulations. The statistical
review of this study was performed by a biomedical
statistician.

Model assumptions

Several model assumptions were stated, as follows:
(1) HCC incidence varied by age. The age-specific
incidence rate of HCC was based on the Cancer
Registry of Taiwan. The probability of HCC progression
and survival was constant over time; (2) Clinicallydetected HCCs often had large tumors and would
be treated with palliative measures only, where the
prognosis was poor. The survival rate of clinicallydetected HCC was not dependent on the presence
of liver cirrhosis; (3) False positive cases after
referral confirmatory examination would undergo the
ultrasonography surveillance at 3-mo intervals for 6
mo and would be resumed to the original screening
strategy if negative screening results were found
during surveillance; (4) The effect of antiviral therapy
on cirrhosis progression and incidence of HCC was
not modeled due to the uncertainty of its long-term
effects; (5) Liver transplantation for treating HCC was
not considered in the model due to the shortage of
organ donations and the long waiting time in Taiwan;
and (6) Based on the concept of the prevalence pool,
the equilibrium state between cirrhosis and noncirrhosis was stable. Hence, we did not model the
transition between non-cirrhotic state and cirrhotic
state. We believe this assumption had little influence
on the outcome of the HCC estimation.

RESULTS
Cost analyses

In total, 158 HCC cases were sampled from the HCC
cohort in our index hospital for cost estimation of
initial and continuing care. According to the AJCC
staging system of HCC, the numbers of patients with
stage I to IV tumors were 62 (39%), 48 (30%), 33
(21%), and 15 (10%), respectively. After excluding
subjects (n = 42) receiving either palliative treatments
or no treatment, the primary modalities for HCC
management in our sample were trans-arterial
chemoembolization and hepatic resection, which
accounted for up to 83% (96/116). The average
costs of initial and continuing care were USD4892
(95%CI: USD3359-5936) and USD4266 (95%CI:
USD3072-4685) for each individual patient. The
average cost of terminal care, based on 93 patients
who died within the enrolled year in our index hospital
with a mean follow-up period of 4.2 mo, was USD5691
(95%CI: USD4327-7055). The detailed costs and their
ranges used for model estimation are listed in Table 1.

Base-case analyses

The ICERs for screening strategies as compared to
“No intervention” are listed in Table 2. Both screening
strategies yielded more life-year gain and increased
total costs compared with no intervention. The ICERs
for two-stage screening and AUS screening were
USD49733 and USD39825 per life-year gained,
respectively. AUS screening was better than the twostage method.

Cost-effectiveness analysis

We conducted analysis from a societal perspective.
The effectiveness of any given screening program
was evaluated by the life-year gained after converting
mortality reduction as a result of each intervention.
Costs are expressed in United States dollars (USD).
The direct costs were associated with the screening
itself, confirmatory tests, and treatment. The indirect
costs were mainly derived from the loss of productivity.
A 3% discount rate was used to convert future
cost to present value. The results of comparisons
between different screening strategies are presented
by the incremental cost-effectiveness ratio (ICER).
The ceiling ratio of ICER, the maximum amount of
willingness to pay (WTP) per life-year saved, was set
at the level of USD33000, approximately equivalent
to two times per capita the gross national product
[28]
(GNP) in Taiwan .

Sensitivity analyses

Results from the one-way sensitivity analyses are
summarized to compare the two-stage method and
AUS screening (Table S1). The results demonstrated
that AUS screening was far more superior to the twostage method. The superiority of AUS screening was
sensitive to the specificity of the biochemical screening
and the costs of biochemical screening and AUS. If the
cost of biochemical screening was less than USD9.9
or the cost of AUS was greater than USD44.1, the
two-stage method was better. Moreover, two-stage
screening became more cost-effective if the specificity
of biochemical screening was larger than 90%. When
such parameters as sensitivity of AUS, cirrhosis
prevalence, attendance rate of screening programs,
and compliance rate for ultrasonography were varied
within a reasonable range, their influence on the
superiority of AUS screening was trivial.

Sensitivity analyses

We performed one-way and probabilistic sensitivity
analyses by varying key model parameters within a
specified range in order to compare the main strategy
and the reference strategy. Different initial ages and
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Table 2 Simulated results for screening strategies to prevent hepatocellular carcinoma
Outcome
Cost per individual screened, USD
Life-year gain1 (yr)
Comparing with ICER
No screening as reference
Two-stage screening as reference

No intervention

Two-stage screening

Mass screening using ultrasonography

2755
20.4798

3389
20.4926

3359
20.4950

-

49733
-

39825
Dominant2

Screening starting age was 40 years old, screening interval was 1 year; 2more effective and less costly than reference strategy. ICER: incremental costeffectiveness ratio.
1

USD 41000

1

Proportion cost-effectiveness

0.9
0.8
0.7

No intervention

0.6

Annual two-stage from 40y

0.5

Annual AUS from 40y

0.4
0.3
0.2
0.1
0
0

4.50

4.80 4.97
5.10 5.19
5.27 5.34
5.40
Willingness to Pay (Log10 US $/Life-Year)

5.45

5.50

Figure 1 Results of sensitivity analysis: Cost-effectiveness acceptability curves.

In the probabilistic sensitivity test, with a maximum
WTP of USD33000, AUS screening had an approximate
15% likelihood of being cost-effective. If the amount of
WTP was raised to USD41000 or higher, the probability
of AUS screening being cost-effective was over 50%
(Figure 1).

(Figure S3B). The two-stage screening strategy was
less cost-effective than AUS screening at all interscreening intervals. The most favorable strategy
was biennial AUS screening, followed by annual AUS
screening.

Cost-effectiveness plane for ultrasonography screening

Optimal initial screening age

Because AUS screening has been shown to be superior
based on its cost-effectiveness, we further compared
different combinations of optimal and suboptimal interscreening intervals and initial ages for AUS screening.
Figure 3A-D illustrates the simulated results of 5000
ICER replicates plotted on a cost-effectiveness plane
given the maximum amount of WTP per life-year
saved (ceiling ratio) at the level of USD33000. If the
ICER lies below the ceiling ratio, the strategy should
be implemented. Compared to no screening, the
probability of being cost-effective among the different
strategies (i.e., annual screening from 40 years,
annual screening from 50 years, biennial screening
from 40 years, and biennial screening from 50 years)
was 15%, 45%, 55%, and 73%, respectively.

The cost-effectiveness analyses at different initial
ages of both screening programs at a given annual
screening interval are shown in Figure 2A. The slope of
the efficacy frontier showed the optimal ICER among
different screening strategies. Other strategies internal
to the efficacy frontier were less cost-effective based
on the rules of extended dominance. AUS screening
was more cost-effective than the two-stage method
at any initial age. The most cost-effective strategy
by using probabilistic sensitivity analysis was AUS
screening with an initiated screening age of 50 years
old (Figure S3A).

Inter-screening intervals

The efficacy frontier consisted of a combination of AUS
screening with different screening intervals and no
screening at a given initial screening age of 40 years
(Figure 2B). The cost-effectiveness of both screening
strategies with different inter-screening intervals was
also evaluated by using 10000 replications from Monte
Carlo simulation considering the acceptability curve
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Model validation

The predicted age-specific incidence rate of HCC per
100000 individuals from our model was compared to
the empirical data from the Cancer Registry in Taiwan
(2007). The empirical figures were as follows: 40-44
years, 23; 45-49 years, 40; 50-54 years, 64; 55-59
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A

3200
3100
3000

Cost (USD)

2900

AUS 30

Two 35

2800

AUS 35

Two 40
Two 45 AUS 45
Two 50
Two 55 AUS 55
AUS 50
Two 60
Two 65 AUS 65
AUS 70
AUS 60
Two 70

2700
2600
2500
2400
2300

AUS 40

No screening

2200
23.436

B

23.438

23.44

23.442
23.444
Effectiveness (yr)

23.446

23.448

23.45

3700
3600

Two every 1 yr

3500
3400
Cost (USD)

Strategies on the efficiency frontier
Strategies that are less cost-effective than the
strategies on the efficiency frontier

Two 30

AUS every 1 yr

3300

Two every 2 yr

3200

Two every 3 yr
AUS every 2 yr
Two every 4 yr
AUS every 3 yr

3100
3000

AUS every 4 yr

2900
2800

No screening

2700
20.478

20.48

20.482 20.484

20.486 20.488 20.49
Effectiveness (yr)

20.492

20.494 20.496

Figure 2 Cost-effectiveness of hepatocellular carcinoma screening with selected initial ages and selected screening intervals. The reference strategies
were non-screening programs at the index initial ages. A: Strategies are labeled by the type and initial ages of screening; B: Strategies are labeled by the type and
frequency of screening. AUS: Abdominal ultrasonography mass screening; Two: Two-stage biomarker-ultrasound screening.

years, 99; 60-64 years,146; 65-69 years, 197; 70-74
years, 232; and 75-79 years, 229. The predictive
figures were as follows: 40-44 years, 30; 45-49
years, 41; 50-54 years, 81; 55-59 years, 102; 60-64
years,155; 65-69 years, 176; 70-74 years, 237; and
75-79 years, 233. There was no significant statistical
2
2
difference as tested by χ test (χ (7) = 8.97, P = 0.26),
indicating fair model fitting.

effective than non-screening. However, the absolute
cost-effectiveness still varies because the cost of
management of HCC in different countries may vary,
and the decision to implement any screening program
also depends on the resources of any given country.
Both the deterministic and probabilistic modeling
approaches revealed that AUS screening is more costeffective than two-stage screening. Several factors
accounted for such results. First, the difference of cost
between AUS (USD27.6) and first stage biochemical
tests (USD22.2) is relatively low in Taiwan. Two-stage
screening became a better strategy if the costs of AUS
were more expensive than USD44.1 or if the cost of
the biochemical test was lowered to USD9.9. Second,
the specificity of the five biochemical makers for HCC
screening is low. Two-stage screening is superior only
when the specificity of biochemical screening is greater
than 90%. A low platelet value has recently been
[29]
reported as a surrogate for cirrhosis . It is necessary
to further assess the optimal utility ratio based on
the comparisons between different combinations of
biochemical markers. However, at present, there is
still no biomarker with relative good sensitivity and

DISCUSSION
Our study is the first to confirm the superiority of AUS
screening for HCC (in terms of cost-effectiveness)
compared to the conventional two-stage method in a
hepatitis endemic area. The results showed that AUS
screening was associated with an incremental costeffectiveness ratio of USD39825 per life-year gained,
whereas the two-stage method was associated with
an incremental cost-effectiveness ratio of USD49733
per life-year gained, as compared with non-screening.
If taking the maximum amount of WTP per life-year
saved in our country into account (USD33000), neither
AUS screening nor two-stage screening is more cost-
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Annual AUS from 50 yr vs No

1200

1200

900

900

600

600

300
0
300
600

300
0
300
600

900

900

1200

1200

0.010 PY

C

0.005 PY
Incremental effectiveness

0.020 PY

0.010 PY

D

Biennial AUS from 40 yr vs No

1200

900

900

600

600

300
0
300
600
900

0.005 PY
Incremental effectiveness

0.020 PY

Biennial AUS from 50 yr vs No

1200

Incremental cost (USD)

Incremental cost (USD)

B

Annual AUS from 40 yr vs No

Incremental cost (USD)

Incremental cost (USD)

A

300
0
300
600
900

1200

1200

0.010 PY

0.005 PY
Incremental effectiveness

0.020 PY

0.010 PY

0.005 PY
Incremental effectiveness

0.020 PY

Figure 3 Cost-effectiveness plane for different combinations of optimal, suboptimal initial ages and inter-screening intervals of ultrasonography
screening. The slope of the dashed line represents the ceiling ratio. A: Annual screening from 40 years vs no screening; B: Annual screening from 50 years vs no
screening; C: Biennial screening from 40 years vs no screening; D: Biennial screening from 50 years vs no screening.
[7,30,31]

specificity for HCC surveillance
.
Costs for initial, continuing, and terminal phases
of care reported in previous cost-effectiveness studies
[25]
of cancer care are summarized . The average costs
of initial care, continuing care, and terminal care are
USD4892, USD4266, and USD5691, respectively.
Initial care and terminal care costs are higher than
continuing care costs for the treatment of HCC. These
[27]
results are compatible with a previous study . It
should also be noted that our costs are based on those
at a medical center, NTUH. As the leading hospital in
Taiwan with a 118-year history, this hospital serves
patients and accepts referrals evenly distributed from
every part of Taiwan. Therefore, the patients of NTUH
could represent all HCC patients in Taiwan without
substantial bias, with perhaps a slight skew to severe
cases. Costs estimated at community hospitals may
be somewhat lower. Besides, it is difficult to distinguish
asymptomatic and symptomatic cases by retrospective
chart reviewing. We assume the same costs for
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initial treatment for clinically-detected and screendetected cases. A sensitivity test with a wide range
for cost of initial treatment between clinically- and
screen-detected tumors did not change the superiority
between screening strategies.
As far as the validity of the simulated model is
concerned, there is evidence supporting our results.
Firstly, the estimated parameters of natural history
and variables were largely generated from two
previous studies based on the same community cohort
[10,13]
in Taiwan
. The heterogeneity among different
studies could be overcome. Secondly, the predicted
age-specific incidence rate of HCC was close to the
2
observed one (χ (7) = 8.97, P = 0.26). Thirdly, by
taking different time horizons into consideration, AUS
screening was still more cost-effective than two-stage
screening. This means that changes in time horizons
had little effect on our results.
Our study was different from several previous
[32-37]
decision analyses studies regarding HCC screening
,
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probably due to the following reasons. Firstly, our study
included a four-state ‘micro-simulation’ model and
community-based screening in Taiwan, a viral hepatitis
endemic area. Previous studies were restricted to high
risk populations, such as cirrhotic patients or patients
waiting for liver transplantation. Secondly, the rates of
incidence of HCC increased with age. We have used
age-specific HCC incidence rates based on the Cancer
[36]
Registry of Taiwan. The study by Arguedas et al
evaluated the incremental cost-effectiveness of no
screening versus AUS and AFP every year in patients
with cirrhosis. The results of base-case analyses were
USD22500 per life year saved. Another study by Shih
[37]
et al
from Taiwan that compared no screening and
two-stage screening in patients with either hepatitis B
or hepatitis C, reported an ICER of USD15600 per life
year saved. Their ICERs were lower than our estimate.
The difference was more likely attributed to the fact
that we included indirect costs and our screening
subjects were the general population rather than high
risk individuals.
Taken together, our data support AUS screening
for the general population in high HCC endemic areas.
However, the success of this screening largely depends
on a sufficiently well-trained staff to perform AUS. In
some countries without this staff, it may be feasible to
develop a risk-scoring system with subsequent referral
[38]
for AUS . On the other hand, in high-risk populations,
such as those with advanced cirrhosis, where the
detection rate for HCC by AUS is low, use of AUS in
combination with biomarkers would be valuable.
There are some limitations in our model. Recently,
the incidence of HCC was shown to be reduced with
[39]
antiviral therapies . However, we cannot model
antiviral treatment effects on the natural history of
HCC because the data on reversibility of advanced
liver disease are not well established. On the other
hand, liver transplantation is the optimal treatment
for HCC because it simultaneously removes the tumor
and underlying cirrhosis, thus reducing the risk of HCC
[40]
recurrence . This therapeutic option was excluded
due to the shortage of organ resources in Taiwan and
because decision making for liver transplantation was
not based only on medical concerns.
In conclusion, AUS mass screening is more costeffective than the two-stage method. Its relative costeffectiveness may vary depending on the cost of the
screening tools and the specificity of the biochemical
test. We found that screening programs with initial
screening at 50 years of age and subsequent biennial
screening intervals were the optimal strategy.
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SYSTEMATIC REVIEWS

Glucose metabolic phenotype of pancreatic cancer
Anthony KC Chan, Jason IE Bruce, Ajith K Siriwardena

Abstract

Anthony KC Chan, Ajith K Siriwardena, Regional HepatoPancreato-Biliary Surgery Unit, Manchester Royal Infirmary,
Manchester M13 9WL, United Kingdom

AIM: To construct a global “metabolic phenotype” of
pancreatic ductal adenocarcinoma (PDAC) reflecting
tumour-related metabolic enzyme expression.

Jason IE Bruce, Faculty of Life Sciences, University of Manchester,
Manchester M13 9PL, United Kingdom

METHODS: A systematic review of the literature was
performed using OvidSP and PubMed databases using
keywords “pancreatic cancer” and individual glycolytic
and mitochondrial oxidative phosphorylation (MOP)
enzymes. Both human and animal studies investigating
the oncological effect of enzyme expression changes
and inhibitors in both an in vitro and in vivo setting
were included in the review. Data reporting changes in
enzyme expression and the effects on PDAC cells, such
as survival and metastatic potential, were extracted to
construct a metabolic phenotype.
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RESULTS: Seven hundred and ten papers were initially
retrieved, and were screened to meet the review
inclusion criteria. 107 unique articles were identified
as reporting data involving glycolytic enzymes, and
28 articles involving MOP enzymes in PDAC. Data
extraction followed a pre-defined protocol. There is
consistent over-expression of glycolytic enzymes and
lactate dehydrogenase in keeping with the Warburg
effect to facilitate rapid adenosine-triphosphate
production from glycolysis. Certain isoforms of these
enzymes were over-expressed specifically in PDAC.
Altering expression levels of HK, PGI, FBA, enolase,
PK-M2 and LDA-A with metabolic inhibitors have shown
a favourable effect on PDAC, thus identifying these as
potential therapeutic targets. However, the Warburg
effect on MOP enzymes is less clear, with different
expression levels at different points in the Krebs cycle
resulting in a fundamental change of metabolite levels,
suggesting that other essential anabolic pathways are
being stimulated.
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CONCLUSION: Further characterisation of the PDAC
metabolic phenotype is necessary as currently there
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are few clinical studies and no successful clinical trials
targeting metabolic enzymes.

further glycolysis reactions. The energy released per
glucose molecule in anaerobic respiration is only 2 ATP;
per mole, this is 18-fold less than aerobic respiration
[4]
but at a much faster rate of several hundred times .
The ratio of MOP and anaerobic fermentation is
[5-7]
reduced in cancer cells , such as the Henrietta Lacks
(HeLa) cervical cancer cell line where approximately
80% of glucose uptake undergoes glycolysis, and only
[8]
5% enters the Krebs cycle . Warburg proposed that
this “morphological inferiority” would change highly
differentiated cells into undifferentiated cells that can
divide, grow and lead to cancer.
Hypoxia is one stress factor in the tumour micro
[9]
environment that is thought to lead to this switch .
Hypoxia-inducible factor 1 (HIF-1) is an important
[10]
regulator of cellular oxygen homeostasis , but is also
up-regulated in many cancers, including pancreatic,
[11-14]
gastric, lung, breast and hepatic cancers
. HIF-1 upregulates most glycolytic enzymes, including hexokinase
[15]
Ⅱ, the first enzyme in the glycolysis pathway , and
reduces MOP by up-regulating pyruvate dehydrogenase
kinase I, responsible for inactivating the pyruvate
dehydrogenase complex that subsequently stops
pyruvate decarboxylation for entry into the Krebs
[16]
cycle . HIF-1 also up-regulates other genes including
vascular endothelial growth factor (VEGF, a known
[17]
promoter of tumour angiogenesis ) and the glucose
[11]
transporter protein, Glut-1, facilitating glucose influx .
The Warburg Effect is likely a result of mutations in
oncogenes and tumour suppressor genes with several
[18]
pathways contributing to this “metabolic switch” .
This study undertakes a systematic literature review
of changes in enzyme expression and the resulting
metabolite levels in both the glycolytic and MOP
pathways in PDAC in order to construct a ‘metabolic
phenotype’ of this disease. New potential therapeutic
targets can be identified within this phenotype for
further study as novel treatments for PDAC.

Key words: Metabolism; Pancreatic cancer; Warburg
effect; Metabolic inhibitor; Glycolysis; Krebs cycle
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our systematic review constructs a global
“metabolic phenotype” of pancreatic ductal adeno
carcinoma (PDAC) reflecting tumour-related metabolic
enzyme expression. We show that the Warburg effect
is consistently demonstrated, with the over-expression
of glycolytic enzymes and lacate dehydrogenase to
facilitate rapid adenosine-triphosphate (ATP) production
from glycolysis. We also show that the Warburg effect
on mitochrondial oxidative phosphorylation in PDAC is
more varied and not solely focused on ATP production,
but also to stimulate other anabolic pathways for the
purposes of tumourigencity. The metabolic phenotype
provides an overview essential to elucidating the
pathological changes that occur in PDAC.
Chan AKC, Bruce JIE, Siriwardena AK. Glucose metabolic
phenotype of pancreatic cancer. World J Gastroenterol 2016;
22(12): 3471-3485 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i12/3471.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i12.3471

INTRODUCTION
Pancreatic cancer (PC), typically ductal adenocarcinoma
th
[1]
(PDAC), is the 13 most common cancer contributing
to 250000 deaths annually worldwide and accounting
[2]
for 3.6% of cancer deaths and 0.5% of all deaths .
Despite advances in diagnostic technology and
treatment modalities, there has been no significant
improvement over the last three decades, with fiveyear survival remaining below 7%. Recent progress in
genetics has led to a renewed interest in the Warburg
Effect described in 1956 by German physiologist Otto
[3]
Warburg who postulated that carcinogenesis was the
result of “irreversible injuring of respiration”. Eukaryotic
cells utilise glycolysis to derive energy, where glucose
is broken down over a series of enzymatic steps to
produce adenosine-triphosphate (ATP) and pyruvate.
In aerobic respiration, pyruvate is oxidised in the
Krebs cycle to produce ATP and NADH (nicotinamide
adenine dinucleotide hydride). Mitochondrial oxidative
phosphorylation (MOP) then occurs via a series of
redox reactions to generate more ATP from NADH.
Overall, between 30 and 36 ATP are generated from
1 molecule of glucose. In the absence of an adequate
oxygen supply, anaerobic fermentation occurs,
reducing pyruvate to lactate and converting NADH into
+
NAD (nicotinamide adenine dinucleotide) for use in
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MATERIALS AND METHODS
Literature search strategy

A systematic review of the literature was performed
using OvidSP and the PubMed database. Search
terms for individual glycolytic enzymes (hexokinase,
phosphoglucose isomerase, phosphofructokinase,
aldolase, triosephosphate isomerase, glyceraldehyde3-phosphate dehydrogenase, phosphoglycerate
kinase, phosphoglycerate mutase, enolase, pyruvate
kinase and lactate dehydrogenase) and Krebs
cycle enzymes (pyruvate dehydrogenase, pyruvate
carboxylase, citrate synthase, aconitase, isocitrate
dehydrogenase, α-ketoglutarate dehydrogenase,
succinyl-CoA synthase, succinic dehydrogenase,
fumarase and malate dehydrogenase) were combined
with key words “PC” and the Boolean “AND” operator
(e.g., “Hexokinase and PC”). Human and animal in
vivo studies, as well as in vitro studies involving cell
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cell viability and growth was also noted, particularly
if a metabolic inhibitor was used, as was evidence
implicating known oncogenic pathways. The data
were collated (Tables 1 and 2) using Microsoft Excel
(Microsoft, Richmond, United States) for analysis. A
PDAC “metabolic phenotype” was constructed using
these data (Tables 3-5), and the results presented as
the hexose and triose stage of glycolysis, anaerobic
fermentation and aerobic respiration (Krebs Cycle).

710
Potentially relevant articles
identified and screened for
retrieval
343 Excluded
11 Review articles
19 Non-cancer topics
304 Not relevant content
9 Non-English articles
367
Articles on metabolic phenotype
of pancreatic cancer

RESULTS

217 Excluded
51 Neuroendocrine tumours
166 Insulinomas

Hexose stage of glycolysis

Hexokinase: Hexokinase (HK) is the first enzyme
in glycolysis, and exists as 4 isoforms (HKI - Ⅲ, and
glucokinase). It phosphorylates glucose into glucose-6phosphate (G6P), and represents the rate-limiting step
[19]
in glycolysis . G6P is transported into mitochondria
and immediately used for ATP production via glyco
lysis, or for nucleic acid synthesis via the pentose[20]
phosphate shunt . Three HK isoforms (Ⅰ, Ⅱ and
Ⅲ) are competitively inhibited by 2-Deoxy-D-glucose,
whereas 3-bromopyruvate (3-BP) selectively inhibits
[21]
HK-Ⅱ .
Several studies have shown HK to be over-expressed
[22,23]
in PDAC
with expression levels varying by tumour
histology. Ductal tumours, for example, take up more
glucose and express HK-Ⅰ and Ⅱ more than acinar
[24]
variants . Direct inhibition with 3-BP reduces cell
[25,26]
survival and increase necrosis in PDAC
and Panc-1
[27]
cell lines . Treatment of Panc-1 with 3-BP also affects
cell signalling, significantly reducing the expression
of the GTPase signal transduction KRas (Kirsten rat
sarcoma) pathway, as well as the Akt (protein kinase B)
and mTOR (mammalian target of rapamycin) pathways,
[27]
to induce cell necrosis . Inhibiting the mTOR pathway
in Panc-1 using everolimus reduces the expression of
HK-Ⅱ and glycolysis, which inhibits cell proliferation and
[28]
induces apoptosis .
The up-regulation of HK is partly due to the HIF-1
[29]
pathway in hypoxic conditions . An increase in
extracellular glucose is responsible for increasing HIF-1
expression (and subsequently intracellular ATP) whilst
[30]
inhibiting mitochondrial activity in MiaPaCa2 cells .
An interaction between insulin and HIF-1 has also been
[31]
suggested , with type 2 diabetes mellitus associated
with the development of PDAC in patients who have
a particular HK Ⅱ (genotype R844K) or glucokinase
[32,33]
(ICS1+9652C>T) variant
. Clinically, a high level
of HK-Ⅱ expression is associated with longer survival,
with different variants of HK Ⅱ (such as N692N)
[33]
associated with differing clinical outcomes .

24 Duplicate articles excluded

126
Unique articles included in the
systematic review

107
Articles on glycolytic enzymes
in pancreatic cancer
28
Articles on krebs cycle enzymes
in pancreatic cancer

Figure 1 Preferred reporting items for systematic reviews and metaanalyses flowchart of articles found and screened in the systematic review.

lines, were included. The initial search yielded 710
results, and after excluding review articles, noncancer articles and those with non-relevant content,
367 articles were analysed. A further 217 articles
describing pancreatic cancers of histology other than
PDAC, such as carcinoid and other neuroendocrine
tumours were excluded. Finally, duplicate articles
(24) were identified and excluded. One hundred and
twenty-six publications were identified as meeting the
inclusion criteria of this systematic review looking at
the metabolic phenotype of PDAC (Figure 1). Of these,
107 unique articles describe glycolytic enzymes (Table
1) and 28 unique articles describe the MOP pathway
(Table 2) in PDAC.

Eligibility, data extraction and analysis

Studies describing the biochemical mechanisms
involved in the physiological, onco-pathological or
manipulation of metabolic pathways and/or individual
metabolic enzymes in PDAC were included. For quality
assurance, information was extracted following a
predefined protocol from the text of each article,
including changes in expression of metabolic enzymes
and/or in the metabolic pathways and their overall
effect on normal and PDAC phenotype. The effect on

WJG|www.wjgnet.com

Phosphoglucose isomerase: Phosphoglucose iso
merase (PGI) reversibly catalyses glucose-6-phosphate
to fructose-6-phosphate. Previously identified as the
[34]
autocrine motility factor (AMF) , PGI binds to the
[35]
gp78/AMFR receptor
to stimulate cell migration and
[36]
metastasis . Under hypoxic conditions, PGI expression
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Table 1 Systematic review of the literature involving glycolytic enzymes and pancreatic ductal adenocarcinoma
In vitro studies

Glycolytic enzyme

In vivo /clinical studies

Ref.

Summary

Ref.

Summary

Hexokinase (HK)

[23-30,32,33,153-155]

[31,153,156,157]

HK-2 expression suggests an
unfavourable clinical outcome

Phosphoglucose
isomerase (PGI)

[29,38-40,158]

Induced by hypoxia. Higher expression
in PDAC than acinar cells. Suppresses
mitochondrial ATP production
Stimulates cell migration and metastatic
potential. Induced by hypoxia. β-1
integrins are stimulated by PGI
Upregulated in PDAC epithelia.

[39]

Over-expression contributes to a more
aggressive PDAC phenotype

Overexpressed in PDAC. Induced by
hypoxia. Delays apoptosis.

[52,53]

Highly expressed in PDAC where
HIF-1a is constitutively expressed.
Inhibition prolongs survival

[50,58]

Increased expression. Possible
biomarker candidate.

[63]

No significant increase in expression in
a murine model, but fivefold increase
in activity.

Phosphofructokinase
(PFK)
Aldolase

[11,48]
[49,52,54]

Triosephosphate
[55,56]
isomerase (TPI)
Glyceradehyde[27,50,55,57,58,61,159]
3-Phosphate
Dehydrogenase (G3PD)
Phosphoglycerate
[62-66,160]
kinase (PK)
Phosphoglycerate
mutase (PGM)
Enolase

Pyruvate kinase (PK)

Lactate dehydrogenase
(LDH)

Overexpressed in PDAC
Overexpressed in PDAC. Increases
PDAC metabolic activity, and disrupts
downstream apoptotic capases
Overexpressed in PDAC. Angiogenesis
promoter

[67,68]

M-isoform is under-expressed and
B-isoform is over-expressed in murine
models
[55-58,69-83]
Overexpressed in PDAC. Promotes cell
[58,69,76,77,161-163]
Increased expression. Induced
migration and metastasis. Biomarker
antibodies to enolase-alpha correlates
candidate
to a better outcome
[108,109,117,121,122,
Overexpressed in PDAC. Dimeric form [110,112,115,119,120, M2 isoform levels correlate to tumour
157,164-166]
favours synthesis; Tetrameric form favours
157,167,168]
metastasis. HK-2 and M2 expression
energy production; PK-M2 used as a
indicates an unfavourable clinical
tumour marker
outcome
[28,89,123-138,164,
Overexpressed in PDAC. Down regulated
[153,180-183]
Down regulated by graviola to reduce
169-179]
by graviola
tumorigenicity and metastasis

HIF: Hypoxia-inducible factor; PDAC: Pancreatic ductal adenocarcinoma.

Table 2 Systematic review of the literature involving Krebs cycle enzymes and pancreatic ductal adenocarcinoma
In vitro /In vivo /clinical studies

Glycolytic Enzyme
Pyruvate dehydrogenase

Ref.

Summary

[30,109,131,132,140,154,164,170,171,173,177,
179,180,184-188]

Inhibition of pyruvate dehydrogenase kinase (the activity of which is
regulated by pyruvate dehydrogenase) stimulates the Krebs cycle and
reverses the Warburg effect.
Over expressed in human and murine PDAC
Over expressed in PDAC. Activity of citrate synthase also higher in PDAC
compared to normal tissue
Mitochrondrial isoform under-expressed
Regulated by HuR (an RNA-binding protein) in PDAC.
Marginally increased in murine PDAC
Reduced expression
Over expressed in human and murine PDAC
HIF-1a increases fumarate by inhibiting distal mitochondrial metabolisms
Over expressed in human and murine PDAC. Possible candidate
biomarker

Pyruvate carboxylase
Citrate synthase
Aconitase
Isocitrate dehydrogenase
a-ketoglutarate dehydrogenase
Succinyl-CoA synthetase
Succinic dehydrogenase
Fumarase
Malate dehydrogenase

[141]
[67,124,179]
[67]
[67,158,189,190]
[67,187]
[67]
[67,128]
[30]
[50,64,67]

HIF: Hypoxia-inducible factor; PDAC: Pancreatic ductal adenocarcinoma.

[29,37]

is regulated in part by the HIF pathway
and has
been found to be over-expressed in the Capan-2
cell line. PGI increases the metastatic potential of
[38]
PDAC
and MiaPaCa-2 cells transfected with PGI
grow more aggressively with an increase in tumour
[39]
mass . Down-regulation of E-cadherin expression

WJG|www.wjgnet.com

- a protein involved in cell adhesion - also occurs.
HIF-1 expression in PDAC can be inhibited by
3-(5’-hydroxymethyl-2’-furyl)-1-benzyl indazole,
which subsequently reduces PGI mRNA expression;
this has the effect of reducing overall cell viability
[40,41]
and increasing apoptosis rates
. Herceptin has
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Table 3 Summary of changes in glycolysis in pancreatic ductal adenocarcinoma
Glycolytic enzyme
Hexokinase
Hexokinase Ⅰ
Hexokinase Ⅱ
Hexokinase Ⅲ
Glucokinase
Phosphoglucose Isomerase
(also known as Autocrine
Motility Factor)
Phosphofructokinase
PFK-M (muscle type)
PFK-L (liver type)
PFK-P (platelet type)
Aldolase
Aldolase-A
Aldolase-B
Aldolase-C
Triose Phosphate Isomerase
Glyceraldehyde Phosphate
Dehydrogenase
GAPDHS
GAPDHS (testes-specific)
Phosphoglycerate Kinase
PGK1
PGK2
Phosphoglycerate Mutase
PGM-B
PGM-M
Enolase
ENO1 (alpha)
ENO2 (gamma, neuronal)
ENO3 (beta, muscle)
Pyruvate Kinase
Isoform PK-M1 (liver/RBC)
Isoform PK-M2 (muscle)
Dimeric form
Tetrameric form

Encoding gene

Change in
PDAC

Implicated
pathways

Known inhibitors

Up
Up

HIF
mTor
K-ras

2-Deoxy-D-glucose

10q22
2p13
5q35.2
7p15.3-p15.1
19q13.1

-

Akt

Up

HIF;
Apoptosis

12q13.3
21q22.3
10p15.3-p15.2

Down
Up
Up

16p11.2

Up

5q22
17cen-q12
12p13

Down
Up
Up

HIF

3-BP[21]; Lonidamine, Everolimus

Reduced PDAC survival/induces
PDAC necrosis

Insulin-like growth factor
binding protein-3; Herceptin;
3-(5'-hydroxymethyl-2'-furyl)-1-benzyl
indazole
Aurintricarboxylic acid[191]

Reduces overall cell viability and
increases apoptosis rates

HIF

12p13
19q13.12

Up

Xq13.3
6p12.3

Up
?

1p31
4p14

Up
Down

1p36.2
12.p13
17pter-p11

Up
Up
-

1q21
15q22

Up

Inhibitor effect in PDAC

3-fluro-D-glucose; 4-fluro-D-glucose
3-[2-hydroxyethyl(methyl)amino]-2quinoxalinecarbonitrile 1,4-dioxide

HIF; p53

2-phosphoglycolate; D-glycerol-1phosphate[192]
Iodoacetate[27]; gossypol[21]

HIF

1,3-bisphosphoglycerate[193]

p53

Inositol hexakisphosphate[194]

c-Myc

Sodium fluoride[21]; D-tartonate;
3-aminoenolpyruvate 2-phosphate[195]

Inhibits fatty acid synthesis in rat
hepatocytes

Reduces PDAC proliferation and
tumour volume

Reduces cell survival and induces
necrosis. No effect on K-ras

Tyrosine
kinase
Akt/c-Myc
L-phospholactate; M2-PK-binding
peptide aptamers[196]

Anti-cancer effects in animal models

HIF: Hypoxia-inducible factor; PDAC: Pancreatic ductal adenocarcinoma.

Table 4 Summary of changes in anaerobic fermentation in pancreatic ductal adenocarcinoma
Glycolytic enzyme
Lactate dehydrogenase
Lactate dehydrogenase A

Lactate dehydrogenase B
Lactate dehydrogenase C

Encoding gene

Change in Implicated pathways
PDAC

11p15.4

Up

1p12.2-p12.1
11p15.1

Up
-

c-Myc; mTor

Known inhibitors

Inhibitor effect in PDAC

Oxamate
Aryl-substituted N-hydroxyindole-2carboxylates; Everolimus (by blocking the
mTor pathway[28])

Inhibits PDAC growth
Inhibits PDAC growth

PDAC: Pancreatic ductal adenocarcinoma.

been shown to inhibit the expression of PGI and
[42]
potentiate the effects of other PGI inhibitors .
Beta-1 integrins (receptors that facilitate binding
between neighbouring cells) are stimulated by PGI,
up-regulating cell adhesion, invasion and metastasis
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possibly by a signalling pathway involving protein
[43]
kinase C . Beta-1 integrins have been shown to be
[44]
highly expressed in several PDAC cell lines
which
may explain its high metastatic potential. PGI has also
been shown to regulate the expression of apoptotic

3475

March 28, 2016|Volume 22|Issue 12|

Chan AKC et al . Metabolic phenotype of PC
Table 5 Summary of changes in aerobic respiration in pancreatic ductal adenocarcinoma
Glycolytic Enzyme
Pyruvate dehydrogenase complex

Encoding gene Change in
PDAC

Implicated
pathways

11p13

HIF-1

Pyruvate dehydrogenase
Pyruvate dehydrogenase α
Xp22.1
Down
Pyruvate dehydrogenase β
3p21.1-p14.2
Down
Pyruvate carboxylase
11q13.4-q13.5 Up/down1
Citrate synthase
12q13.2
Up
Aconitase
Aconitase 1 (soluble)
9p21.1
Aconitase 2 (mitochondrial)
22q13.2
Down
Isocitrate dehydrogenase
ICD (soluble)
2q33.3
ICD (mitochondrial)
15q26.1
Down
Oxoglurate (α-ketoglutarate) Dehydrogenase
7p14-p13
Up
Succinyl-CoA synthetase
Down
Succinic dehydrogenase
Up/down1
Fumarase
1q42.1
Malate dehydrogenase
MD (soluble)
MD (mitochondrial)

2p13.3
7cen-q22

Known inhibitors

Inhibitor effect in PDAC

Dichloroacetate (inhibits Stimulates Krebs Cycle and reverses
PDC regulator, pyruvate
Warburg effect; Reduces PDAC
dehydrogenase kinase)
proliferation and viability
Stimulator: Lipoic acid
Reduces cancer cell viability

Avidin
Succinyl-CoA
Flouroacetate

D-malic, trans-aconitic,
citrate, glycine

Up

1

Under-expressed in animal PDAC. PDAC: Pancreatic ductal adenocarcinoma.

protease activating factor 1 (Apaf-1) and caspase-9
[45]
genes involved in apoptosis .

3-[2-hydroxyethyl(methyl)amino]-2-quinoxaline
carbonitrile 1,4-dioxide inhibits the expression of FBA-A
together with HIF-1, which subsequently reduces
the proliferation of PDAC cells in vivo and reduced
[53]
tumour volumes in models of in vitro murine cancer .
Suppression of HIF-1 also reduces the overexpression
of FBA-A in PDAC and subsequently reduces in vivo
[54]
tumorigenicity .

Phosphofructokinase: Phosphofructokinase (PFK)
phosphorylates fructose-6-phosphate into fructose
[19]
1,6-bisphosphate . It has been referred to as the
“pacemaker of carbohydrate metabolism” as it also
regulates a wide range of sugars, including fructose and
[21]
galactose that can feed into glycolysis . The activity
of PFK is regulated by fructose-2,6-bisphosphate,
which itself is regulated by 6-phosphofructo-2kinase/fructose-2,6-bisphosphatases, encoded by 4
[46]
genes (PFKFB1-4) . PFKFB expression (particularly
isoenzyme 3 which exhibits the highest kinase/
bisphosphatase activity) is altered in lung, gastric and
[11,47,48]
pancreatic cancers
. Hypoxia also up-regulates
the expression of PFKFB-3 and -4 in Panc-1 cells via
[11]
the HIF-1α dependent pathway .

Triose phosphate isomerase: Triose phosphate
isomerase (TPI) reversibly isomerises dihydroxyacetone
into G3P. TPI is overexpressed in pancreatic cancer
[55,56]
in several studies
, but no correlation, however, is
found between TPI-1 expression and tumour staging.

Triose stage of glycolysis

Glyceraldehyde phosphate dehydrogenase:
Glyceraldehyde phosphate dehydrogenase (GAPDH)
reversibly catalyses G3P into 1,3-biphosphoglycerate,
[50,55,57,58]
and is over-expressed in PDAC
, as well as
[59]
other adenocarcinomas such as prostate
and
[60]
breast . GAPDH and Glut transporter over-expression
is thought to be partially responsible for an increase in
[61]
PDAC metabolic capacity . Inhibition with iodoacetate
[27]
on Panc-1 cells reduces survival and induces necrosis
but interestingly, did not significantly reduce the
induction of signalling pathways K-ras, Akt and mTOR,
as seen with 3-BP.

Fructose bisphosphate aldolase: Fructose bispho
sphate aldolase (FBA) splits fructose 1,6-biphosphate
into glyceraldehyde-3-phosphate (G3P) and dihy
droxyacetone phosphate. Three different isoenzymes
exist (A, B and C) and are encoded by 3 different
[21]
genes . FBA-A is overexpressed in PDAC and
[49]
pancreatic cystadenoma , and proteome analysis
of murine PDAC has also shown an overexpression of
[50]
FBA-C . Overexpression of FBA delays apoptosis, as
does the addition of the end product G3P, by suppressing
[51]
caspase-3 activity . Under hypoxic conditions, PDAC
cells expressing HIF-1 also express FBA-A and Glut-1
(glucose transporter 1) more highly, making the cell
[52]
more resistant to apoptosis . The hypoxic cytotoxin
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Phosphoglycerate kinase: Phosphoglycerate kinase
(PGK) reversibly dephosphorylates 1,3-biphospho
glycerate into 3-phosphoglycerate, and is over[62]
expressed in human PDAC . In contrast, a study
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involving hamster PDAC cell lines demonstrated no
overall increase in expression levels, but did show a
[63]
significant fivefold increase in PGK activity . Clinically,
its use as a diagnostic marker has been suggested
due to its high antibody reactivity and high accuracy in
[64-66]
distinguishing between cancer and non-cancer
.

cancer effects in animal models, and clinical trials are
underway to ascertain its effectiveness in pancreatic
[21]
cancer .
Several studies have shown an increase in serum
[110]
PK-M2 in patients with metastatic PDAC , and other
[111]
pancreatic conditions such as chronic pancreatitis
.
Its presence has also led suggestions that it should be
[112]
used as a tumour marker for diagnosis, prognosis
[113,114]
and surveillance
in both pancreatic and other
[115-117]
gastrointestinal cancers
, particularly in combination
[118]
[119]
with another marker, such as Ca19-9
or CEA
,
[120]
to increase its specificity value . Surprisingly, PK-M2
over-expression is not found immunohistochemically
[64,121]
in premalignant or PDAC tissue samples
. It is
also weakly expressed in some cell lines such as
[122]
SK-PC-1 .

Phosphoglycerate mutase

Phosphoglycerate mutase (PGM) reversibly catalyses
3-phosphoglycerate into 2-phosphoglycerate, and
exists as two isoenzymes (M and B). Expression levels
of PGM-M have been found to be under-expressed,
[67]
and PGM-B over-expressed, in rat PDAC . PGM
[68]
expression is regulated by p53 .

Enolase

Enolase reversibly catalyses 2-phosphoglycerate
into phosphoenolpyuvate, and is over-expressed in
[55-58,69-72]
PDAC, particularly α-enolase
. It is also seen
[73]
in pancreatic atypical hyperplasia
and intraepithelial
[74]
neoplasia . Its presence on the PDAC cell surface
allows the promotion of cell migration and metastasis,
but also induces a strong T-cell response leading it to
[69,75,76]
be recognised as a tumour antigen
. As such,
an increase in circulating enolase autoantibodies has
[76]
been observed . Animal studies have also shown
good humoral and cellular immune responses against
PDAC following inoculation with an α-enolase-encoded
[77]
plasmid . The resulting IgG response resulted in
slower tumour progression and significantly improved
survival. Several case reports have also clearly
shown an over-expression of γ-enolase in serous
[78,79]
[80]
microcystic adenomas
, and solid-papillary ,
[81-86]
[87-102]
solid-pseudopapillary
, solid-cystic papillary
,
[103,104]
and serous cystic
pancreatic tumours as well as
[71]
PDAC .

Anaerobic fermentation - lactate dehydrogenase

Lactate dehydrogenase (LDH) reversibly catalyses
pyruvate to lactate, and is a target gene of the c-Myc
[123]
regulator
. There are five isoforms, with LDH-A
being the primary and over-expressed isoform in
[124-128]
[129]
PDAC
, including cell lines Capan-1
and
[130]
SW-1990 . Mass spectrometry studies on LDH from
PDAC have shown differential methylation to the LDH
[131]
from normal ductal cells . PDAC LDH-A acetylation,
which normally inhibits LDH-A and prepares it for
[132]
lysosomal degradation is also reduced
. Forced
expression and inhibition of LDH-A increases and
[133]
reduces the rate of growth respectively
. The
activity of LDH-A and subsequent lactate production
can be inhibited by blocking the mTor pathway using
everolimus. The transcription factor Forkhead box
protein M1 (FOXM1) over-expresses LDH-A to increase
[134]
tumorigenicity .
Other inhibitors of LDH-A, such as derivatives of
aryl-substituted N-hydroxyindole-2-carboxylates, have
[135]
also been shown to inhibit the growth of PDAC
.
Oxidative stress and a subsequent reduction in ATP
[136]
may be responsible for this inhibition . Lactate in the
PDAC microenvironment has also been shown to be
immunosuppressive by directly inhibiting Natural Killer
cells and preventing an innate response to tumour
[137]
cells . Clinically, a raised serum LDH levels can also
[138]
be a poor prognostic indicator in PDAC .

Pyruvate kinase

Pyruvate kinase (PK) is the last enzymatic step in
glycolysis, dephosphorylating phosphoenolpyruvate
into pyruvate and converting ADP to ATP. Pyruvate
then fuels the Krebs cycle. PK exists as 2 isoforms
(M1 and M2); PK-M2 expressed exclusively in cancer
cells (favouring anaerobic respiration) whereas the
PK-M1 is predominately expressed in normal cells
[50,105,106]
(favouring increased oxidative phosphorylation)
.
Expression of the oncogenic tyrosine kinase receptor
pathways inactivate PK to disrupt the pathway between
glycolysis and MOP to perpetuate the Warburg
[107]
effect . Furthermore, two forms of PK-M2 have been
identified - a tetrameric form favouring ATP production
and a dimeric form that channels glucose into synthesis.
The hypoxic and acidified tumour microenvironment
[108]
staved of glucose favours the dimeric form of PK-M2 .
Inhibition of the Akt/c-Myc (myelocytomatosis) path
way inhibits the activity of PK-M2 to down-regulate
[109]
glycolysis . TLN-232/CAP-232 (amino acid peptides
targeting M2-PK) has also been shown to have anti-
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Aerobic respiration - Krebs cycle

The pyruvate dehydrogenase complex (PDC) consists
of pyruvate dehydrogenase (PDH), dihydrolipoyl
transacetylase and dihydrolipoyl dehydrogenase, and
is the first enzymatic reaction that converts pyruvate
into acetyl Co-A for the Krebs cycle. PDC itself is
regulated and inhibited by pyruvate dehydrogenase
kinase (PDK). Three isoenzymatic forms of PDK have
been found in eukaryotic cells, with PDK2 being the
[139]
major form that regulates PDC
. Inhibition of PDK
by dichloroacetate in Panc-1 cells has been shown to
stimulate metabolism via the Krebs cycle and away
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[151]

from glycolysis, with the effect of reducing Panc-1
[140]
proliferation and viability .
Expression levels of other Krebs cycle enzymes
are also changed in PDAC (Table 5). Malate dehydro
genase has been shown to be over-expressed in both
[64]
[50]
human and animal PDAC cell lines, as has succinic
[128]
dehydrogenase in mice PDAC , and pyruvate carbo
[141]
xylase
. The activity of citrate synthase was found
to be higher in PDAC tissue than in normal pancreatic
[67]
tissue by up to 20% . The expression levels of
mitochondrial citrate synthase and α-ketoglutarate
dehydrogenase were found to be marginally increased in
recent rat PDAC mRNA microarray studies by Yabushita
[67]
et al ; pyruvate carboxylase, aconitase, isocitrate
dehydrogenase, succinic dehydrogenase, succinic-CoA
ligase and malate dehydrogenase expression were
found to be reduced. Transcriptomic profiling from the
same dataset also showed an increase in anaerobic
glycolysis and nucleotide degradation and a reduction in
Krebs cycle activity.
There is evidence that the mitochondrial oxidative
phosphorylation (MOP) pathway can be used as a
[142,143]
therapeutic target
. In glucose-limiting conditions,
MOP inhibitors have been shown to be cytotoxic to
[144]
Panc-1 cells. Momose et al
report that treatment
with efrapeptin F (a fungal toxin that acts as a potent
ATPase inhibitor) was cytotoxic to Panc-1 cells if
they were cultured in nutrient-deficient media and,
importantly, in glucose limiting conditions. Panc-1
cells grown in nutrient-deficient media were found to
have reduced levels of ATP, and were sensitive to MOP
inhibitors, suggesting that mitochondrial oxidative
phosphorylation contributes to intracellular ATP
production.

95% in MIAPaCa-2 after 2 d of treatment . A similar
but less profound effect was seen when the cells were
treated with oxamate, a competitive metabolic inhibitor
of lactate dehydrogenase at the final step of glycolysis.
The reduction of cell proliferation is more profound
under hypoxic conditions, where Glut-1 expression
levels were increased and were more sensitive to
inhibition.
The enzyme changes in metabolic phenotype of
PDAC is complex, with variable changes in expression
levels. Altering expression levels of HK, PGI, FBA,
enolase, PK-M2 and LDA-A with metabolic inhibitors
have shown a favourable effect on PDAC, thus
identifying these as potential therapeutic targets.
To date, there are no clinical trials involving metabolic
inhibitors and PDAC. There is, however, progress in
using metabolic inhibitors in cell types other than PDAC
which show a translation to in vivo treatment. Ko et
[148]
al
have reported the use of 3-BP as an anticancer
drug tested on the highly glycolytic hepatocellular
cancer cell line AS-30D, where it was shown to rapidly
and completely deplete intracellular ATP levels whilst
not affecting levels in normal hepatocytes. Cell viability
was ultimately affected, dropping to 10% with the
ATP depletion. The in vivo effects of 3-BP in an animal
model confirmed this anti-cancer effect. More recently,
[152]
Ko et al
published a case study of a 16 year old
male with primary hepatocellular cancer treated with
3-BP. The patient responded to treatment with tumour
destruction (confirmed by computed tomography) and
went on to survive 2 years. Clearly, the use of metabolic
inhibitors as a treatment for cancer is at an early stage.
By “blocking” glycolysis, there will be a global and
unpredictable effect on all cellular functions, and present
as an obstacle when translating in vitro cell line research
into clinical practice. By using a metabolic phenotype to
identify pathologically over-expressed enzymes, a more
targeting approach can differentiate a patient’s normal
enzymes to that of PDAC.
In summary, the Warburg Effect has been long
been recognised to occur in cancer cells, and describes
a “metabolic switch” in the way cells use glucose to
produce ATP. This overview highlights the extensive
changes that in PDAC to produce a distinct metabolic
phenotype. This phenotype has potential clinical
correlates in that distinct components may be amenable
to therapeutic manipulation.

DISCUSSION
This detailed overview demonstrates that the metabolic
phenotype of pancreatic cells is altered in PDAC where
the Warburg effect increases glucose utilisation to fuel
the pathological metabolic requirements of neoplastic
cells. Enzymes at almost every stage of glycolysis
are over-expressed. The rate at which glucose is
transported into cells is also increased, and it has
long been known that an over-expression of glucose
transporters (particularly subtypes Glut-1 and Glut-3
[145]
in PDAC
) is associated with cancer progression
[145-148]
and poor tumour prognosis
. Glut-1 expression
in pancreas neoplasia correlates to tumour size
and histological grading, from low grade PanIN 1A
dysplastic lesions which are devoid of Glut-1, to PDAC
where most cases showed some degree of GLUT-1
[149]
expression
. Serous cystadenomas consistently
[150]
exhibit Glut-1 expression
. With such differences
in expression between normal and cancerous tissue,
the Glut family represents a potential therapeutic
target. 2-Deoxyglucose, a metabolic inhibitor of Glut,
hexokinase and phosphoglucose isomerase, inhibits
growth by as much as 59% in Panc-1 cells and over
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COMMENTS
Background

Pancreatic cancer, typically ductal adenocarcinoma (PDAC), is an insidious
cancer with poor outcomes that has seen no significant improvement over
the last three decades. Recent progress in genetics has lead to a renewed
interest in the Warburg effect, which describes the pathological switch from
mitochondrial phosphorylation to glycolysis for rapid ATP production, thus
presenting new potential therapeutic targets. The primary aim of this review
is to provide a comprehensive overview of the metabolic phenotype of PDAC,
particularly where metabolic inhibitors have shown a favourable response. The
second aim is to identify steps in the metabolic pathways where there is little or
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no research evidence to show its oncological importance.

9

Research frontiers

10

The Warburg effect was described in 1956 by German physiologist Otto
Warburg who postulated that carcinogenesis was the result of “irreversible
injuring of respiration”. Data from high throughput techniques, such as genomic
and metabolomic studies, have shown the Warburg effect is much more
complex and extends to biomass synthesis for tumour proliferation.

11

Innovations and breakthroughs

There have been numerous studies looking at individual metabolic enzymes
and the effect of inhibiting these enzymes on tumour cell physiology. Retrieved
manuscripts concerning the metabolic enzyme and their role in PDAC were
reviewed by the authors, and the data extracted to construct an overall
“metabolic phenotype”.

12

Applications

13

The metabolic phenotype of PDAC illustrates the role of individual enzymes,
and the known effects on PDAC. Inhibiting certain enzymes - hexokinase,
phosphoglucose isomerase, aldolase, pyruvate kinase and lactate
dehydrogenase - has been shown to interfere with PDAC cell function. The
review also highlights areas (and thus unidentified therapeutic targets) in the
pathways, particularly in mitochondrial oxidative phosphorylation, where there
is little research into the effects of metabolic inhibition.

14

Terminology

The Warburg effect describes the pathological switch from mitochondrial
phosphorylation to glycolysis for rapid ATP production. The change in enzyme
expression at certain points of these pathways facilitating the Warburg effect
may be potentially exploitable as a therapeutic target.

15

Peer-review

16

Simply “blocking” major pathways such as glycolysis in an in vitro cell line
environment may yield successful in reducing cell growth or tumourigenicity, but
would also have a non-specific effect on normal cells leading to as yet unknown
toxic effects. This presents a challenge of using such broad inhibitors in an in
vivo or clinical setting. A detailed metabolic phenotype is therefore useful in
identifying and targeting specific oncological changes and so would theoretically
have less effect on normal cells.
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META-ANALYSIS

Helicobacter pylori eradication therapy for functional
dyspepsia: Systematic review and meta-analysis
Li-Jun Du, Bin-Rui Chen, John J Kim, Sarah Kim, Jin-Hua Shen, Ning Dai

Abstract

Li-Jun Du, Bin-Rui Chen, John J Kim, Sarah Kim, Jin-Hua
Shen, Ning Dai, Department of Gastroenterology, Sir Run Run
Shaw Hospital, Zhejiang University, Hangzhou 310020, Zhejiang
Province, China

AIM: To evaluate whether Helicobacter pylori (H.
pylori ) eradication therapy benefits patients with
functional dyspepsia (FD).

John J Kim, Division of Gastroenterology, Loma Linda
University, Loma Linda, CA 92354, United States

METHODS: Randomized controlled trials (RCTs)
investigating the efficacy and safety of H. pylori
eradication therapy for patients with functional
dyspepsia published in English (up to May 2015) were
identified by searching PubMed, EMBASE, and The
Cochrane Library. Pooled estimates were measured
using the fixed or random effect model. Overall effect
was expressed as a pooled risk ratio (RR) or a standard
mean difference (SMD). All data were analyzed with
Review Manager 5.3 and Stata 12.0.

Author contributions: Du LJ and Dai N designed the research;
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JH analyzed the data; Du LJ and Kim JJ wrote the paper; Kim
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manuscript.
Conflict-of-interest statement: The authors have no conflict-ofinterest to declare.
Data sharing statement: No additional data are available.

RESULTS: This systematic review included 25 RCTs
with a total of 5555 patients with FD. Twenty-three of
these studies were used to evaluate the benefits of H.
pylori eradication therapy for symptom improvement;
the pooled RR was 1.23 (95%CI: 1.12-1.36, P <
0.0001). H. pylori eradication therapy demonstrated
symptom improvement during long-term follow-up at
≥ 1 year (RR = 1.24; 95%CI: 1.12-1.37, P < 0.0001)
but not during short-term follow-up at < 1 year (RR
= 1.26; 95%CI: 0.83-1.92, P = 0.27). Seven studies
showed no benefit of H. pylori eradication therapy on
quality of life with an SMD of -0.01 (95%CI: -0.11 to
0.08, P = 0.80). Six studies demonstrated that H. pylori
eradication therapy reduced the development of peptic
ulcer disease compared to no eradication therapy (RR
= 0.35; 95%CI: 0.18-0.68, P = 0.002). Eight studies
showed that H. pylori eradication therapy increased the
likelihood of treatment-related side effects compared to
no eradication therapy (RR = 2.02; 95%CI: 1.12-3.65,
P = 0.02). Ten studies demonstrated that patients
who received H. pylori eradication therapy were more
likely to obtain histologic resolution of chronic gastritis
compared to those who did not receive eradication
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therapy (RR = 7.13; 95%CI: 3.68-13.81, P < 0.00001).

this meta-analysis not only to evaluate benefits of H.
pylori eradication therapy for symptom relief, but also
to discuss the effects on the quality of life, adverse
events, and the risk of subsequent peptic ulcer disease.
We performed a more comprehensive meta-analysis
than previous studies in order to assess the overall
clinical impact of H. pylori eradication therapy in this
population.

CONCLUSION: The decision to eradicate H. pylori in
patients with functional dyspepsia requires individual
assessment.
Key words: Functional dyspepsia; Helicobacter pylori
eradication; Symptom improvement; Quality of life; Peptic
ulceration; Meta-analysis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: The decision to eradicate Helicobacter pylori
(H. pylori ) in patients with functional dyspepsia requires
individual assessment. This meta-analysis suggests that
H. pylori eradication therapy is beneficial for symptom
relief, reduces the development of peptic ulceration,
and leads to histologic resolution of chronic gastritis but
does not improve the quality of life and may even result
in adverse events. Otherwise, other validated treatment
such as acid suppression, prokinetics, and psychiatric
treatment should also be considered.

A standard protocol, based on current PRISMA guide
lines, was implemented for study inclusion, data
extraction, and data analysis. PubMed, EMBASE, and
The Cochrane Library were searched for published
randomized controlled trials (RCTs) in English from
1988 to 2015. The main search strategies were as
follows: “Helicobacter pylori OR Campylobacter OR
Campylobacter pylori OR C. pylori OR Helicobacter
infection” AND “treat OR eradication OR eradicating
OR therapy OR anti-“ AND “dyspepsia OR functional
gastrointestinal disorder OR non-ulcer dyspepsia OR
functional dyspepsia.”

Search strategy

Du LJ, Chen BR, Kim JJ, Kim S, Shen JH, Dai N. Helicobacter
pylori eradication therapy for functional dyspepsia: Systematic
review and meta-analysis. World J Gastroenterol 2016;
22(12): 3486-3495 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i12/3486.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i12.3486

Inclusion and exclusion criteria

Studies were considered eligible if they met the
following criteria: (1) RCTs; (2) study population of
patients with dyspepsia (symptom-based criteria
including ROME Ⅰ, Ⅱ, or Ⅲ) and H. pylori infection
13
( C breath test, histology, or rapid urease teat); (3)
H. pylori eradication regimens (dual, triple, quadruple,
and sequential therapies) as intervention for treatment
group and placebo or other drugs known not to
eradicate H. pylori (no antibiotics or bismuth) as
intervention for control groups; and (4) age above 17
years old. Studies were excluded if they were available
only as abstracts, review studies, case reports, or if
predefined outcome data required for analyses were
lacking.

INTRODUCTION
Functional dyspepsia (FD) is a common gastrointestinal
[1]
disorder and affects as many as 21% of the population
[2,3]
worldwide and 2%-24%
of the Chinese population.
Characterized by epigastric pain, postprandial fullness,
and early satiation without organic causes, FD adversely
impacts the patient’s quality of life. FD is diagnosed by
[4]
Rome Ⅲ criteria, which are symptom-based criteria .
Although the pathophysiology is not well establish
[5,6]
ed, gastro-duodenal motility dysfunction , visceral
[7,8]
[9]
hypersensitivity , and psychological disturbance
may play a role in the pathogenesis of FD. Helicobacter
pylori (H. pylori) infection is more common in patients
with dyspepsia (OR = 2.3; 95%CI: 1.9-2.7) in
[10]
comparison to healthy controls . However, the effects
of H. pylori eradication therapy in FD are inconsistent
in previously published randomized trials and metaanalyses.
Previous meta-analyses mainly focused on symptom
improvement after H. pylori eradication therapy;
their findings (whether or not to eradicate) were not
consistent because of variable study designs and
[11-13]
follow-up durations
. One meta-analysis conducted
[14]
by Moayyedi et al
provided an economic evaluation
and suggested that H. pylori eradication therapy is the
most cost-effective treatment method. We carried out

WJG|www.wjgnet.com

Data extraction and quality evaluation

Two investigators (Du LJ, Chen BR) reviewed all the
titles and abstracts independently. Data was extracted
from eligible full-text studies. The data included study
population, demographical characteristics, year of
publication, country, age, gender, H. pylori eradication
regimens, duration of follow-up, H. pylori eradication
rate, and study outcomes. The individual study quality
was assessed according to the Cochrane collaboration’s
tool for risk of bias, which contains random sequence
generation, allocation concealment, blindness, incom
plete outcome data, selective outcome reporting, and
other biases. Any disagreement was resolved by a
third investigator (Dai N).

Study endpoints

The primary outcome for this study was the pooled
risk ratio (RR) of successful treatment (presence
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Records after duplicates removed
(n = 1279)

Records screened
(n = 1279)

Screening

Identification

Records identified through database
search (n = 2355)

Eligibility

Full-text studies
assessed for eligibility
(n = 97)

Full-text studies
excluded, with reasons
(n = 72)
(1) Not meeting the
inclusion criteria
(n = 66)
(2) The same population
(n = 6)

Included

Studies included in
qualitative synthesis
(n = 25)

Records excluded
(n = 1182)
(1) Review (n = 117)
(2) Irrelevant (n = 1065)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 25)

Figure 1 Study flow diagram.

of no more than mild pain or discomfort after treat
ment) with a 95%CI. The secondary outcomes were
the pooled RR of improvement of dyspepsia at shortterm (< 1 year) and long-term (≥ 1 year) followup, standard mean difference (SMD) of improvement
in quality of life (SF-36), pooled RR of incidence
of peptic ulceration during follow-up, pooled RR of
development of treatment-related adverse events,
and pooled RR of histologic resolution of chronic
2
gastritis. If the studies were homogeneous (I <
50%), the fixed-effects model was used; otherwise
2
(I > 50%), the random-effects model was chosen.
Intervention was considered statistically significant
when a P-value was < 0.05. If the studies were
heterogeneous, a sensitivity analysis was performed.
Publication bias was assessed by the funnel plot.
All data were analyzed with RevMan 5.3 and Stata
12.0. The statistical methods of this study were
reviewed by professor Yun-Xian Yu from Department
of Epidemiology and Health Statistics of Zhejiang
University.

duplicates (n = 1076), two reviewers screened the
titles and abstracts of potentially relevant studies (n
= 1279) independently. Out of 97 full-text studies
that were reviewed, 66 did not meet the inclusion
criteria. Twenty-five RCTs with a total of 5555 people
Which met the inclusion criteria were included in this
[15-39]
systematic review (Figure 1)
. The assessment on
the quality of the individual study is shown in Figure
2. The demographic data, eradication regimens, and
eradication rates are listed in Table 1.

Benefits of H. pylori eradication therapy on symptom
improvement

Twenty-three of 25 studies reported information on
treatment success. Eradication therapy groups were
treated with antibiotics, proton pump inhibitors, and
bismuth, while control groups were treated with
placebo, prokinetics, and/or proton pump inhibitors.
Primary analysis demonstrated that 1183 (40%) of
2939 patients in the eradication therapy group and
795 (32%) of 2468 in the control groups had no or
mild symptoms during the last follow-up visit (pooled
RR = 1.23; 95%CI: 1.12-1.36, P < 0.0001). Although
2
there was no significant heterogeneity (I = 42%)
among the selected studies, the asymmetry in the
funnel plot (Figure 3) indicated existing publication
bias. H. pylori eradication therapy demonstrated

RESULTS
Literature search and description of included studies

According to the search strategy, 2355 citations were
identified from three databases. After removing the
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Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias
0%
Low risk of bias

25%

50%

Unclear risk of bias

75%

100%

High risk of bias

Figure 2 Risk of bias graph. The Cochrane collaboration’s tool was used to evaluate risk of bias.

Table 1 Characteristics of studies included in the meta-analysis
Study

Sample (M/F)

Ang, 2006
Blum, 1998
Chiba, 2002
Dhali, 1999
Froehlich, 2001
Gisbert, 2004
Greenberg, 1999
Gwee, 2009
Hsu, 2001
Koelz, 2003
Koskenpato, 2001
Lan, 2011
Malfertheiner, 2003
Mazzoleni, 2006
Mazzoleni, 2011
McColl, 1998
Miwa, 2000
Naeeni, 2002
Sodhi, 2013
Talley, 1999
Talley, 1999 (ORCHID)
Varannes, 2001
Varasa, 2008
Xu, 2013
Zanten, 2003

Age, mean

Country

Last visit (mo)

Intervention

Helicobacter pylori eradication

38.0
47.0
49.5
32.5
44.6
41.5
46.5
40.4
50.9
47.5
51.7
47.4
46.2
41.3
46.0
42.1
51.5
32.5
44.5
46.4
50.0
51.0
37.0
40.0
48.0

Singapore
Global
Canada
India
Switzerland
Spain
United States
Singapore
China
Switzerland
Finland
China
Germany
Brazil
Brazil
United Kingdom
Japan
Iran
India
United States
Australia
France
Spain
China
Canada

12
12
12
12
12
12
12
12
12
6
12
3
12
12
12
12
3
9
12
12
12
12
12
12
12

LAC
OAC
OMC
BMTe
LAC
OAC
OC
OCT
LMTe
AO
AMO
RAC
LAC
LAC
OAC
AMO
OAC
ABM
OAC
LCA
OAC
RaAC
RA
ACE
LCA

73.2%
79%
75%
87.5%
75%
76%
70.5%
68.3%
78%
51.7%
82%
85.7%
63.9%
91.3%
88.6%
88%
85.4%
52.6%
69.9%
80%
85%
69%
81.4%
76.36%
82%

130 (47/83)
328 (136/192)
394 (148/246)
62 (44/18)
144 (64/80)
50 (15/35)
100 (31/69)
82 (38/44)
161 (78/83)
181 (74/107)
151 (52/99)
195 (89/106)
800 (380/420)
89 (20/69)
404 (86/318)
318 (155/163)
85 (40/45)
157 (47/110)
519 (169/350)
293 (133/160)
275 (98/177)
253 (112/141)
48 (21/27)
396 (135/261)
157 (72/81)

M/F: Male/female; A: Amoxillin; B: Bismuth salt; C: Clarithromycin; E: Esoprazole; F: Furazolidone; L: Lansoprazole; M: Metronidizole; O: Omeprazole; R:
Rabeprazole; Ra: Ranitidine; T: Tinidazole; Te: Tetracycline.

0

symptom improvement at long-term (≥ 1 year) (RR
= 1.24; 95%CI: 1.12-1.37, P < 0.0001) but not at
short-term (< 1 year) (RR = 1.26; 95%CI: 0.83-1.92,
P = 0.27) follow-up. The studies that reported shortterm outcomes demonstrated significant heterogeneity
2
(I = 64%). The forest plot and sensitivity analysis are
shown in Figures 4 and 5, respectively.

SE (log [OR])

0.2

0.4

0.6

Benefits of H. pylori eradication therapy on quality of life

0.8

1.0

0.05

0.2

1
OR

5

Seven studies reported data on quality of life both at
baseline and at the last visit required for the metaanalysis. Five trials used the SF-36, one used the
general well-being index, and one used QoL-PEI. A
2
fixed effect model (I = 0%) was performed on all
seven studies. Overall, H. pylori eradication therapy
had no significant benefit on quality of life, with an

20

Figure 3 Funnel plot of included studies for potential publication bias.
The funnel plot was not absolutely symmetrical.
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Study of subgroup

Eradication
Control
Events Total Events Total

Risk ratio
Weight M-H, random, 95%CI

1.1.1 Long-term effect
Ang 2006
22
71
14
59
2.4%
Blum 1998
45
164
34
164
4.2%
Chiba 2002
72
145
54
149
6.5%
Dhali 1999
26
32
10
30
2.7%
Froehlich 2001
15
74
13
70
1.9%
Gisbert 2004
21
34
8
16
2.5%
Gwee 2009
10
41
3
41
0.6%
Hsu 2001
47
81
44
80
6.4%
Koskenpato 2001
16
77
11
74
1.7%
Malfertheiner 2003
196
534
89
266
8.2%
Mazzoleni 2006
16
46
9
43
1.7%
Mazzoleni 2011
94
201
72
203
7.2%
McColl 1998
33
154
11
154
2.0%
Sodhi 2013
95
217
72
195
7.2%
Talley 1999
69
150
71
143
7.2%
Talley 1999 (ORCHID)
32
133
31
142
3.7%
Varannes 2001
55
129
38
124
5.2%
Xu 2013
157
262
68
134
8.4%
Zanten 2003
44
75
46
82
6.5%
Subtotal (95%CI)
2620
2169
86.2%
Total events
1065
698
2
2
2
Heterogeneity: Tau = 0.02; χ = 28.66, df = 18 (P = 0.05); I = 37%
Test for overall effect: Z = 4.14 (P < 0.0001)
1.1.2 Short-term effect
Koelz 2003
55
89
Lan 2011
36
98
Miwa 2000
15
48
Naeeni 2002
12
84
Subtotal (95%CI)
319
Total events
118
2
2
Heterogeneity: Tau = 0.11; χ = 8.25, df =
Test for overall effect: Z = 1.09 (P = 0.27)

61
19
9
8

92
97
37
73
299

7.7%
3.2%
1.7%
1.3%
13.8%

Risk ratio
M-H, random, 95%CI

1.31 [0.74, 2.32]
1.32 [0.90, 1.95]
1.37 [1.05, 1.79]
2.44 [1.43, 4.15]
1.09 [0.56, 2.13]
1.24 [0.71, 2.16]
3.33 [0.99, 11.24]
1.05 [0.80, 1.38]
1.40 [0.70, 2.81]
1.10 [0.90, 1.34]
1.66 [0.82, 3.36]
1.32 [1.04, 1.67]
3.00 [1.57, 5.72]
1.19 [0.94, 1.50]
0.93 [0.73, 1.18]
1.10 [0.71, 1.70]
1.39 [1.00, 1.94]
1.18 [0.97, 1.43]
1.05 [0.80, 1.37]
1.24 [1.12, 1.37]

0.93
1.88
1.28
1.30
1.26

[0.75, 1.16]
[1.16, 3.03]
[0.63, 2.60]
[0.56, 3.01]
[0.83, 1.92]

97
2
3 (P = 0.04); I = 64%

Total (95%CI)
2939
2468 100.00%
1.23 [1.12, 1.36]
Total events
1183
795
2
2
2
Heterogeneity: Tau = 0.02; χ = 37.62, df = 22 (P = 0.02); I = 42%
Test for overall effect: Z = 4.18 (P < 0.0001)
2
2
Test for subgroup differences: χ = 0.01, df = 1 (P = 0.93), I = 0%

0.01

0.1
Favors control

1

10
100
Favors eradication

Figure 4 Forest plot of the effects comparing Helicobacter pylori eradication therapy vs control on symptom relief. Twenty-three studies were included. The
random effect model (Mantel-Haenszel method) was applied.

SMD of -0.01 (95%CI: -0.11 to 0.08, P = 0.80).
Detailed information is shown in Figure 6.

= 2.02; 95%CI: 1.12-3.65, P = 0.02). The random
effect model was used because significant study
2
heterogeneity (I = 94%) was detected. The forest plot
and sensitivity analysis are shown in Figures 8 and 9.

Benefits of H. pylori eradication therapy on long-term
peptic ulceration

Other outcomes comparing H. pylori eradication therapy
and control groups

Six studies reported endoscopic data at the last visit to
evaluate for the development of peptic ulcer disease. H.
pylori eradication therapy compared to no eradication
therapy reduced the development of peptic ulcer
disease (RR = 0.35; 95%CI: 0.18-0.68, P = 0.002).
2
There was no significant study heterogeneity (I = 0%).
Detailed information is shown in Figure 7.

One study provided outcome data on the cost of
interventions such as medication, diagnostic tests,
and physician consultation and did not demonstrate
a difference between eradication therapy and the
[38]
control . However, the cost of intervention from
this study was derived from utilization of healthcare
services rather than the actual cost. Ten studies
reported histological outcomes following intervention
(Figure 10). Patients who received H. pylori eradication
therapy were more likely to obtain histologic resolution
of chronic gastritis compared to control (RR = 7.13;
95%CI: 3.68-13.81, P < 0.00001).

H. pylori eradication therapy on the development of
adverse events

Eight studies provided data on development of common
side effects associated with the intervention. Patients
who received H. pylori eradication therapy were more
likely to have side effects compared to controls (RR
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Meta-analysis random-effects estimates (linear form)
Study ommited
Ang
Blum
Chiba
Dhali
Froehlich
Gisbert
Gwee
Hsu
Koskenpato
Malfertheiner
Mazzoleni
Mazzoleni
McColl
Sodhi
Talley
Talley (ORCHID)
Varannes
Xu
Zanten
Koelz
Lan
Miwa
Naeeni

0.09 0.11

0.21

0.31 0.33

Figure 5 Sensitivity analysis of the effects comparing Helicobacter pylori eradication therapy vs control on symptom relief.

Study of subgroup

Mean

Blum 1998
Froehlich 2001
Koskenpato 2001
Mazzoleni 2011
McColl 1998
Varannes 2001
Varasa 2008

5.9
5.2
29.6
5.44
46
1.9
67.1

Eradication
SD

Total

Mean

Control
SD

Total

Weight

Std. mean difference
IV, fixed, 95%CI

164
74
77
203
154
129
27

6
5.5
38.7
5.1
49
1.8
55.4

0.89
8.9
77.6
13.7
107.7
1.44
25.2

164
70
74
201
154
124
21

20.1%
8.8%
9.2%
24.7%
18.9%
15.5%
2.8%

-0.10 [-0.32, 0.11]
-0.03 [-0.36, 0.29]
-0.14 [-0.46, 0.18]
0.02 [-0.17, 0.22]
-0.03 [-0.25, 0.20]
0.07 [-0.18, 0.32]
0.44 [-0.14, 1.02]

808

100.0%

-0.01 [-0.11, 0.08]

1.05
8.5
48.7
14.66
112.3
1.36
26.6

Total (95%CI)
828
2
2
Heterogeneity: χ = 4.27, df = 6 (P = 0.64); I = 0%
Test for overall effect: Z = 0.25 (P = 0.80)

-2

Std. mean difference
IV, fixed, 95%CI

-1
Favors eradication

0

1
Favors control

2

Figure 6 Forest plot of the effects comparing Helicobacter pylori eradication therapy vs control on quality of life. Seven studies were included. The fixed
effect model (Inverse Variance method) was applied.

eradication therapy compared to controls increased
the likelihood of improvement in dyspeptic symptoms
by 3.6-fold. Another meta-analysis performed by
[12]
Zhao et al
found that H. pylori eradication therapy
compared to no eradication therapy was beneficial for
improvement of dyspepsia in European (OR = 1.49;
95 CI% 1.10-2.02) and American populations (OR =
1.43; 95%CI: 1.12-1.83).
H. pylori is strongly associated with many diseases,
including functional dyspepsia, gastric or duodenal
ulcer, gastric cancer, and gastric mucosa-associated
[41,42]
lymphoid tissue lymphoma
. However, H. pyloriinduced gastritis is the most important risk factor for
[43]
development of peptic ulcer disease . Most patients
with H. pylori infection have asymptomatic gastritis,
and experience variable clinical symptoms depending
on bacteria, host, and environmental factors.
Whether H. pylori infection delays gastric emptying
[44,45]
is unclear
, but H. pylori appears to alter gastric
acid production by changing gastrin and somatostatin
[46]
secretion . Abnormal gastric acid secretion causes
[47]
mainly dysmotility-like, dyspeptic symptoms .
Duodenal acid exposure indirectly induces fullness,
bloating, and epigastric pain by suppressing antral

DISCUSSION
Our meta-analysis based on well-designed RCTs
demonstrated that the effect size of symptom relief
from H. pylori eradication therapy in patients with FD
was small (RR = 1.23; 95%CI: 1.12-1.36, P < 0.0001)
with an undetectable short-term benefit. Eradication
therapy was nearly three times more likely to reduce
the development of peptic ulcer disease compared with
no eradication therapy. Furthermore, histologic findings
of chronic gastritis were more likely to resolve after
H. pylori eradication therapy compared to controls.
However, H. pylori eradication therapy did not improve
the quality of life for patients with FD compared to
anti-acids, prokinetics, or placebo therapy. Eradication
therapy was also more likely to be associated with
side effects (RR = 2.02; 95%CI: 1.12-3.65, P = 0.02)
compared to control.
H. pylori infection is more prevalent in Asia than in
Western countries with high prevalence observed in
[40]
China and South Korea . Eradication therapy appears
to be more effective in Asian populations as shown by
[13]
the meta-analysis conducted by Jin and Li
on the
Chinese population. Their study showed that H. pylori
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Eradication
Events
Total

Study of subgroup
Blum 1998
Greenberg 1999
Hsu 2001
Koelz 2003
Mazzoleni 2011
Talley 1999

1
1
2
0
4
3

164
50
81
92
201
170

Control
Events
Total
6
3
6
1
9
7

Total (95%CI)
758
Total events
11
32
2
2
Heterogeneity: χ = 0.73, df = 5 (P = 0.98); I = 0%
Test for overall effect: Z = 3.08 (P = 0.002)

Weight

Risk ratio
M-H, fixed, 95%CI

164
50
80
89
203
167

18.4%
9.2%
18.5%
4.7%
27.5%
21.7%

0.17 [0.02, 1.37]
0.33 [0.04, 3.10]
0.33 [0.07, 1.58]
0.32 [0.01, 7.82]
0.45 [0.14, 1.43]
0.42 [0.11, 1.60]

753

100.0%

0.35 [0.18, 0.68]

Risk ratio
M-H, fixed, 95%CI

0.01

0.1
Favors eradication

1

10
Favors control

100

Figure 7 Forest plot of the effects comparing Helicobacter pylori eradication therapy vs control on long-term peptic ulceration. Six studies were included.
The fixed effect (Inverse Variance method) model was applied.
Eradication
Events
Total

Study of subgroup
Ang 2006
Blum1998
Chiba 2002
Dhali 1999
Malfertheiner 2003
Mazzoleni 2011
Miwa 2000
Varannes 2001

4
63
61
12
94
172
17
36

71
169
145
32
534
185
48
129

Control
Events
Total
3
10
62
7
9
146
10
12

59
176
149
30
266
178
37
124

Weight

Risk ratio
M-H, random, 95%CI

7.9%
12.8%
14.5%
11.8%
12.6%
14.9%
12.7%
12.9%

1.11 [0.26, 4.75]
6.56 [3.48, 12.35]
1.01 [0.77, 1.32]
1.61 [0.73, 3.53]
5.20 [2.67, 10.15]
1.13 [1.05, 1.23]
1.31 [0.68, 2.52]
2.88 [1.57, 5.28]

Total (95%CI)
1313
1019 100.0%
2.02 [1.12, 3.65]
Total events
459
259
2
2
2
Heterogeneity: Tau = 0.61; χ = 116.32, df = 7 (P < 0.00001); I = 94%
Test for overall effect: Z = 2.33 (P = 0.02)

Risk ratio
M-H, random, 95%CI

0.01

0.1
Favors eradication

1

10
Favors control

100

Figure 8 Forest plot of the effects comparing Helicobacter pylori eradication therapy vs control on adverse events. Eight studies were included. The random
effect model (Mantel-Haenszel method) was applied.
Meta-analysis random-effects estimates (linear form)
Study ommited
Ang
Blum
Chiba
Dhali
Malfertheiner
Mazzoleni
Miwa
Varannes

0.12 0.25

0.69

1.12

1.45

Figure 9 Sensitivity analysis of the effects comparing Helicobacter pylori eradication therapy vs control on adverse events.

contractions, which may contribute to delayed gastric
[48,49]
emptying
.
According to the results of this meta-analysis,
decision to eradicate H. pylori may be influenced by
several key points. First, eradication therapy may be
preferable among patients with risk factors for peptic
ulcer disease or gastric cancer. Our study showed
long-term benefits such as reduction in incidence of

WJG|www.wjgnet.com

future peptic ulcer disease and resolution of gastritis,
[50,51]
which are associated with gastric cancer
. Second,
because of apparent adverse effects associated with
eradication therapy, alternative validated therapy for
FD such as acid suppression, prokinetics, or lifestyle
changes for mild dyspeptic symptoms should also be
considered. A large study of 1425 patients showed
that H. pylori infection was a significant risk factor for
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Study of subgroup
Blum 1998
Dhali 1999
Mazzoleni 2006
Sodhi 2013
Talley 1999
Talley 1999 (ORCHID)

Eradication
Events
Total
123
22
34
132
74
108

164
30
46
174
110
133

Control
Events
Total
5
8
3
11
21
18

164
26
43
180
114
142

Weight

Risk ratio
M-H, random, 95%CI

15.00%
17.20%
12.90%
17.50%
18.80%
18.60%

24.60 [10.33, 58.58]
2.38 [1.29, 4.41]
10.59 [3.51, 31.98]
12.41 [6.96, 22.14]
3.65 [2.43, 5.49]
6.41 [4.13, 9.94]

Total (95%CI)
657
669 100.00%
Total events
493
66
2
2
2
Heterogeneity: Tau = 0.56; χ = 36.73, df = 5 (P < 0.00001); I = 86%
Test for overall effect: Z = 5.82 (P < 0.00001)

Risk ratio
M-H, random, 95%CI

7.13 [3.68, 13.81]

0.01

0.1
Favors control

1

10
Favors eradication

100

Figure 10 Forest plot of the effects comparing Helicobacter pylori eradication therapy vs control on histologic resolution of chronic gastritis. Six studies
were included. The random effect model (Mantel-Haenszel method) was applied.

dyspepsia. However, other factors such as NSAIDs use,
unemployment, and heavy smoking demonstrated
larger magnitude of association compared to H
[52]
pylori infection . Furthermore, rising prevalence of
[53]
[54]
antibiotics resistance
and H. pylori reinfection
cannot be ignored. Third, it has been well established
that the presence of psychiatric disorders, such as
anxiety disorder, is more common in patients with
functional gastrointestinal disorders than in the
[55,56]
general population
. Psychiatric treatment with
antidepressants is helpful in the reduction of dyspeptic
[57]
symptoms . Anxiety and depression are considered
[58]
to be the best predictors of quality of life . Cognitivebehavioral therapy (CBT), psychotherapy, anxiolytics,
and antidepressants can also relieve dyspeptic
[59,60]
symptoms
.
The strength of this meta-analysis includes a
comprehensive analysis of high-quality studies
with evaluation of various FD outcomes other than
symptom improvement alone. There are some
limitations to this meta-analysis. First, some welldesigned studies were excluded because they were
published in non-English language. Second, the
random effect model was chosen to evaluate the
short-term symptom improvement and development
of adverse events in the presence of significant study
heterogeneity resulting from different study designs
and methods. Third, there is a possibility of publication
bias as we excluded some RCTs that did not have
sufficient data for meta-analysis or were not published
in manuscript form at the time of submission.
In conclusion, H. pylori eradication therapy
compared to no eradication therapy has a statistically
significant but small magnitude of benefit for symptom
relief and can also reduce the development of peptic
ulcer disease. However, H. pylori eradication therapy
was associated with higher incidence of adverse events
during the treatment and failed to demonstrate any
effect in improving the quality of life. In addition to
H. pylori eradication therapy, alternative therapies
such as acid-suppression, prokinetics, psychotherapy,
and anxiolytics should also be considered after an
individualized assessment.
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Abstract
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Mycosis fungoides (MF) is a cutaneous T-cell lymphoma
that can undergo local progression with possible
systemic dissemination. We report a case of a patient
affected by MF with a pancreatic mass that was a
diagnostic challenge between primitive tumor and
pancreatic metastasis from MF. Clinical setting findings
and imaging studies raised the suspicion of a pancreatic
primary neoplasm. A diagnostic clue was provided by
the combined histomorphologic/immunohistochemical
study of pancreatic and cutaneous biopsies, which
revealed a pancreatic localization of MF. Considering
the rarity of metastatic localization of MF to the
pancreas, we next investigated whether chemokinechemokine receptor interactions could be involved
in the phenomenon to provide new insight into the
possible mechanisms underlying metastatic localization
of MF to the pancreas. Histological analyses of archival
pancreatic tissue demonstrated that glucagon-secreting
cells of the pancreatic islets expressed the CCL27
chemokine, which may have attracted in our case
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metastatic MF cells expressing the complementary
receptor CCR10.

demarcated plaques on the extremities, and violaceous
nodules and exophytic tumor lesions on the occipital
region, right forearm, and gluteus) (Figure 1A).
Erythematous skin lesions manifested 6 years before
admission and followed an indolent course until 1 year
ago when the full aggressive clinical picture described
above became apparent.
Since the lesions were increasing in number and
unresponsive to the conventional topical therapy, a
nodule on the right arm of the patient was biopsied.
The histopathological evaluation led to the diagnosis
of CTCL, MF-type. The patient was studied with
abdominal computed tomography (CT) that did not
show any visceral or lymph node involvement.
Initially, the patient was treated with narrowband ultraviolet B therapy (three sessions a week on
2
nonconsecutive days, initial dose 0.1 J/cm , increment
2
of the dose 0.1 J/cm per session) followed 2 mo later
by Interferon α2b, 3 million units subcutaneously
three times a week. Interferon α2b therapy was
temporarily stopped because of side effects (nausea,
gastric pyrosis, diarrhea, neutropenia, and anemia)
and restarted 3 mo later with the addition of oral
bexarotene (75 mg twice a day for 10 d, subsequently
three times a day for another 10 d and then four times
a day for 3 mo) and local radiotherapy of the occipital
region (36 Gy five times a week for 2 mo). The patient
responded with partial resolution of the skin lesions,
especially the nodular ones. Five months later, the
patient complained of persistent abdominal pain, but
blood chemistry and abdominal ultrasonography did
not reveal any abnormality.
Eight months later, the patient presented with
jaundice, asthenia, and worsening of abdominal pain.
Blood exams and gastrointestinal ultrasonography
were initially performed; thereafter, a percutaneous
ultrasound guided pancreatic core biopsy and a
cutaneous biopsy were performed for a combined
histomorphologic and immunohistochemical study.
In particular, immunohistochemical staining for CD3,
CD4, CD30, CD45, glucagon, somatostatin, pancreatic
polypeptide, CCL27, and CCR10 was carried out.
Blood chemistry disclosed abnormal levels of
amylase (625 U/L; n.v. 5-53 U/L), lipase (9228 U/L;
n.v. 114-286 U/L), aspartate aminotransferase: 105
U/L; n.v. 0-40 U/L), alanine aminotransferase (171 U/L;
n.v. 0-40 U/L), alkaline phosphatase (1539 U/L; n.v.
98-280 U/L), gamma-glutamyltransferase ( 675 U/L;
n.v. 11-50), total bilirubin (1.36 mg/dL; n.v. 0.2-1.2
mg/dL), and direct bilirubin (1 mg/dL; n.v. 0.0-0.4
mg/dL). These results were indicative of biliary stasis.
Thereafter, gastrointestinal ultrasonography was
performed showing a mass measuring 70 mm × 48
mm × 68 mm and involving the head of pancreas with
peripheric vascularization pattern and Wirsung duct
dilation. An abdominal CT with contrast agent showed
an irregular pancreatic mass involving the head of
the pancreas (Figure 2A, arrow), with dilation of the

Key words: Differential diagnosis; Pancreatic mass;
Extracutaneous localization; Mycosis fungoides; CCL27,
CCR10
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We believe that this clinical case is very
interesting both for its rarity (mycosis fungoides
metastasized to the pancreas) and the complexity of
the differential diagnosis. In addition, the investigations
performed provide new insight into the possible
mechanisms underlying metastatic localization of
mycosis fungoides to the pancreas. Indeed, histological
analyses of archival pancreatic tissue demonstrated
for the first time that glucagon-secreting cells of the
pancreatic islets express the CCL27 chemokine, which
may have attracted, in our case, metastatic mycosis
fungoides cells expressing the complementary receptor
CCR10.
Ceriolo P, Fausti V, Cinotti E, Bonadio S, Raffaghello L, Bianchi
G, Orcioni GF, Fiocca R, Rongioletti F, Pistoia V, Borgonovo G.
Pancreatic metastasis from mycosis fungoides mimicking primary
pancreatic tumor. World J Gastroenterol 2016; 22(12): 3496-3501
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i12/3496.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i12.3496

INTRODUCTION
Cutaneous T-cell lymphoma (CTCL) includes a group
of mature (peripheral) T-cell neoplasms characte
rized by clonal expansion of a mature CD4-positive
T-cell, putatively belonging to a skin homing subset
[1]
of memory T-cells . According to World Health
Organization (WHO) criteria, mycosis fungoides (MF)
is the most common form of CTCL and accounts for
[2]
almost 50% of all primary cutaneous lymphomas .
MF is an indolent disease initially limited to the
skin that undergoes variable cutaneous progression
with possible systemic dissemination in late stages.
Although spread of MF to the gastrointestinal tract has
been described previously, there have been only two
[3,4]
reports on symptomatic pancreatic involvement .
Herein, we report a case of MF in anaplastic trans
formation with pancreatic involvement, mimicking
primary pancreatic tumor.

CASE REPORT
A 64-year-old man presented with erythematous
and nodular lesions on the trunk and extremities
(erythematous patches on the trunk, red-brown sharply
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Figure 1 Macroscopic aspect of cutaneous lesions (A-C) and pancreatic lesion (D and E). Hematoxilyn and eosin staining, magnification × 4 (B), × 10 (D), × 20 (C
and E).

A

B

Figure 2 Abdominal computed tomography with contrast agent.

intrahepatic and the common bile ducts (Figure 2B,
arrow) in the absence of further pancreatic lesions.
No involvement of spleen, liver, kidney, or lymph node
was detected. Imaging studies suggested the presence
of a pancreatic primary neoplasm. A diagnosis of
pancreatic adenocarcinoma was unlikely because of
the homogeneous contrast enhancement and the
regular margins of the mass. Other potential diagnoses
included papillary neoplasm, neuroendocrine tumors,
or lymphoma. Genetic analysis of K-ras, P16, and p53,
which are highly mutated in pancreatic cancer, was not
performed. The patient was subjected to percutaneous
ultrasound guided core biopsy of the pancreatic mass,
which suggested a metastatic localization of MF but
did not allow drawing definitive conclusions due to the
paucity of the material.
Considering also the extreme rarity of this occurrence,
the pancreatic needle biopsy was repeated in parallel

WJG|www.wjgnet.com

with a cutaneous biopsy to compare the histological
features of the two specimens. A lymphomatous
infiltrate consistent with MF was detected in both bioptic
specimens.
The cutaneous specimen (Figure 1B and C) revealed
a dermal nodular infiltrate mainly composed of smallmedium size cells with focal evidence of epidermotropism.
Neoplastic lymphocytes were positive for CD45 and
CD4 and showed a heterogeneous expression of CD3.
+
A minority (< 25%) of CD30 larger elements and an
eosinophilic component were also observed.
The pancreatic parenchyma was completely
replaced by a neoplastic infiltrate (Figure 1D and E)
showing features overlapping with those detected in the
cutaneous specimen.
These findings led us to diagnose peripheral T cell
+
lymphoma, MF type. The medium-large CD30 component
[2]
suggested a tendency toward histological transformation .
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Figure 3 Immunohistochemical staining of pancreatic archival tissue sections. A: CCL27; B: Glucagon; C: Somatostati; D: Pancreatic polypeptide. A-D:
Magnifications × 10.

the phenomenon. We focused on the CCL27-CCR10
axis that has a primary role in T cell-mediated skin
[14]
[15]
inflammation
and cutaneous T cell malignancy .
+
+
Thus, CCR10 CD4 T lymphocytes are attracted to
the skin where the CCR10 ligand CCL27 is secreted by
keratinocytes of the basal layers of the epidermis in
normal skin, immobilized on extracellular matrix, and
[14,15]
displayed on the surface of endothelial cells
.
By immunohistochemical analysis, primary MF
cells from our patient expressed CCR10, consistent
[1,15]
with previous reports
. We hypothesized that
a subset of MF cells circulating in the peripheral
blood had upregulated CCR10 and was attracted
by CCL27 expressed in the pancreas. However,
CCR10 expression in metastatic MF cells and CCL27
expression in infiltrated pancreas could not be inves
tigated due to the minute amount of pancreatic tissue
obtained from the biopsy. We found no evidence in the
literature for CCL27 expression in normal pancreas.
Nonetheless, upon staining of five different archival
pancreatic tissue samples from three patients with
pancreatic ductal adenocarcinoma and two patients
with papillary adenocarcinoma of ampulla (one with
a concomitant well differentiated neuroendocrine
tumor), we discovered that the islets of the pancreas,
but not the exocrine portion, tested positive for CCL27
expression. Immunohistochemical staining on serial
sections demonstrated that glucagon-secreting, but
not somatostatin - or pancreatic polypeptide (PP) secreting, pancreatic endocrine cells expressed CCL27
(Figure 3). These results point to the attraction of

DISCUSSION
Extracutaneous localizations of MF are rare and occur
in long-standing MF with lymph node involvement. The
literature reports involvement of lungs, spleen, liver,
kidney, thyroid gland, bone marrow, oral cavity, larynx,
[5]
[6]
[7]
[8,9]
heart , breast , central nervous system , esophagus ,
[10]
[3,4]
stomach, small intestine and pancreas .
The diagnosis ante mortem of an extracutaneous
manifestation of MF is rare and limited to few case
reports. This is in contrast with autopsy findings,
showing a high rate of extracutaneous involvement in
lungs (75%), spleen (60%), liver (53), kidney (44%),
[11]
and pancreas (41%) .
To date, only two patients with clinically detectable
[3,4]
pancreatic metastasis from MF have been reported .
In these cases, intrapancreatic metastases displayed
an infiltrative pattern without any gross tumor, a feature
associated with most neoplasms that metastasize to
[4]
the pancreas .
Pancreatic involvement is rare not only in MF but
also in other T-cell cutaneous lymphomas. Only two
such cases have been reported in association with
[12]
disseminated pagetoid reticulosis and adult T-cell
[13]
leukaemia/lymphoma .
Chemokines and their receptors have been associated
with tumor metastasis, invasion of lymphatic vessels,
[1]
and trafficking of lymphoma cells . Due to the extra
ordinary rarity of metastatic localization of MF cells to
the pancreas, we investigated whether chemokinechemokine receptor interactions could be involved in
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Treatment

+

CCR10 malignant lymphocytes by glucagon-secreting
insulae expressing CCL27 as a potential mechanism
driving localization of MF cells to the pancreas in our
patient. To the best of our knowledge, this is the first
demonstration of CCL27 expression in the pancreas.
It is important to note, however, that these results
on CCL27 expression were derived from archival
pancreatic tissue samples from patients with primary
malignancies, and the possibility that CCL27 may be
abnormally upregulated in these conditions cannot be
excluded.
The CCL27/CCR10 axis is not the only one that has
been implicated in MF pathogenesis. Recent studies
have highlighted the pivotal role of the CCL20/CCR6
axis in cutaneous T cell lymphoma invasiveness and
[16]
metastasis . Thus, our findings may have disclosed
only one of the possible mechanisms promoting MF
cell metastasis to the pancreas.
In conclusion, our case posed a clinical diagnostic
challenge between pancreatic primitive tumor and a
pancreatic metastasis from MF. In the clinical setting, the
patient had: (1) jaundice and blood exams indicative
of bile stasis; and (2) imaging studies raising the
suspicion of a pancreatic primary neoplasm. A diagnostic
clue came from the combined histomorphologic and
immunohistochemical study of pancreatic and cutaneous
biopsies, which revealed a pancreatic localization of MF.
Although the prognosis of MF patients that develop
lymph node or visceral metastasis (stage Ⅳ disease)
[17]
is poor , our patient is still alive after a 3 year follow
up.

The patient was subjected to palliative endoscopic retrograde cholan
giopancreatography.

Related reports

Extracutaneous localizations of MF are rare and occur in long-standing MF
with lymph node involvement. The literature reports involvement of lungs,
spleen, liver, kidney, thyroid gland, bone marrow, oral cavity, larynx, heart,
breast, central nervous system, esophagus, stomach, small intestine, as well as
pancreas (two cases).

Term explanation

MF is the most common form of cutaneous T-cell lymphoma and accounts for
almost 50% of all primary cutaneous lymphomas. Primary pancreatic tumors
may involve the exocrine or the endocrine portion.

Experience and lessons

This case posed a clinical diagnostic challenge between pancreatic primitive
tumor and a pancreatic metastasis from MF. A diagnostic clue came from the
combined histomorphologic and immunohistochemical study of pancreatic and
cutaneous biopsies, which revealed a pancreatic localization of MF.

Peer-review

This manuscript described a rare case with the diagnosis of pancreatic
metastasis from MF. It further provides interesting study on the mechanism.
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Cholesterol crystal embolization (CCE) is a rare
systemic embolism caused by formation of cholesterol
crystals from atherosclerotic plaques. CCE usually
occurs during vascular manipulation, such as vascular
surgery or endovascular catheter manipulation, or
due to anticoagulation or thrombolytic therapy. We
report a rare case of intestinal obstruction caused by
spontaneous CCE. An 81-year-old man with a history of
hypertension was admitted for complaints of abdominal
pain, bloating, and anorexia persisting for 4 mo. An
abdominal computed tomography revealed intestinal
ileus. His symptoms were immediately relieved by an
ileus tube insertion, and he was discharged 6 d later.
However, these symptoms immediately reappeared and
persisted, and partial resection of the small intestine
was performed. A histopathological examination
indicated that small intestine obstruction was caused
by CCE. At the 12-mo follow-up, the patient showed no
evidence of CCE recurrence. Thus, in cases of intestinal
obstruction, CCE should also be considered.
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systemic embolism caused by formation of cholesterol
crystals from atherosclerotic plaques. This case report
details a rare case that was not only a spontaneous
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CCE usually carries a serious prognosis, but this case
had a good prognosis.
Azuma S, Ikenouchi M, Akamatsu T, Seta T, Urai S, Uenoyama
Y, Yamashita Y. Ileus caused by cholesterol crystal embolization:
A case report. World J Gastroenterol 2016; 22(12): 3502-3505
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i12/3502.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i12.3502
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INTRODUCTION
Cholesterol crystal embolization (CCE) is a rare
systemic embolism caused by occlusion of the
peripheral arteries by cholesterol crystals from
atherosclerotic plaques and may show multiorgan
involvement, leading to renal failure, cutaneous
manifestations, and gastrointestinal disease. CCE
is usually an iatrogenic event occurring either after
vascular surgery or endovascular catheter mani
pulations, or in the course of anticoagulation or
thrombolytic therapy. Here, we report a rare case of
intestinal obstruction caused by CCE in the absence
of any causative medication. To our knowledge, this is
the first reported case of single intestinal obstruction
caused by CCE.

Figure 1 Abdominal computed tomography-scan showed focal thickening
of the wall of the small intestine (a), intestinal dilatation of the oral
intestine (b), and intraperitoneal lymphadenopathy (c).

Anal side

Oral side

CASE REPORT
An 81-year-old man with a clinical history of hyper
tension, benign prostatic hyperplasia, pulmonary
tuberculosis, and an oropharyngeal benign tumor was
admitted to the hospital for complaints of abdominal
pain, bloating, and anorexia persisting for the past 4
mo. Physical examination revealed severe abdominal
distension. Chemical laboratory examination showed
a slightly elevated white blood cell count (9100/μL;
normal, 4000-7000/μL), a high serum creatinine level
(1.21 mg/dL; normal, 0.60-1.10 mg/dL), and a low
eosinophil value (1.3%; normal, 2.0%-4.0%). An
abdominal computed tomography scan revealed focal
thickening of the wall of the small intestine, intestinal
dilatation of the oral intestine, and intraperitoneal
lymphadenopathy (Figure 1). We diagnosed his
condition as small intestinal obstruction and prioritized
conservative treatment. We promptly inserted an
ileus tube, owing to which, the abdominal symptoms
alleviated rapidly. Contrast-enhanced imaging of the
ileus tube showed that the tube had advanced beyond
the lesion site on the third day of admission, and
therefore, the patient was discharged on the sixth
day of admission. However, his symptoms reappeared
immediately after discharge, and he was readmitted
to the hospital. An abdominal computed tomography
scan at this point revealed focal thickening of the wall
of the small intestine, similar to that seen earlier.

WJG|www.wjgnet.com

Figure 2 Resected specimen showed a 5-6 cm tumor. The oral side lumen
was 1.5-fold bigger lumen than the anal side.

A double-balloon endoscopy of the small intestine
was considered at this point; however, it was not
performed owing to the presence of severe abdo
minal bloating. Ultimately, surgery was performed
considering the possibility of small intestine cancer.
Laparotomy showed a 5-6 cm tumor that had formed
at a distance of 220 cm from the Treitz ligament and
180 cm from the terminal ileum. The small intestine
has a 1.5-fold bigger lumen on the oral side than on
the anal side. The tumor was resected from both the
oral and anus sides to ensure a margin of 10 cm.
We performed the vertical incision at the mesenteric
contralateral anal side of the small intestine and the
end-to-end anastomosis. On naked-eye observation of
the sample, a narrowing of the intestinal tract caliber
of 5-6 cm was observed, and the intestinal wall was
found to be slightly thickened (Figure 2). Histologically,
we found thickened portions in the wall, muscle plate
thickening, fat reduction, fibrosis, and cholesterol
clefts, all of which indicated that needle-like cholesterol
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Figure 3 Histologically, we found thickened portions in the wall, muscle
plate thickening, fat reduction, fibrosis. The left half of the specimen is lesion
area and the right half is normal area (HE × 10).

thrombi were present in the small arteries of the
lumen (Figure 3). Further, giant cells were observed
in the vicinity, which could have developed due to a
foreign-body reaction (Figure 4).
There was no relapse after surgery, and the patient
was discharged 8 d later. Up to the last follow-up at
the 12 mo after discharge, the patient showed no
recurrence.

Figure 4 Cholesterol clefts were detected in the thickened portions in the
wall. A: × 20; B: × 200.

DISCUSSION
CCE was first reported by Peter Ludvig Panum in
1862 and is a rare systemic embolism caused by
cholesterol crystals from atherosclerotic plaques. CCE
may manifest as a systemic disease, characterized
by constitutional symptoms (fever, myalgia, and
anemia) and clinical signs due to single or multior
gan involvement (renal failure, gastrointestinal
ischemia, central nervous system infarcts, or retinal
[1]
disturbances) . The risk factors are male sex, age >
60 years, diabetes mellitus, hypertension, atheroscle
[2]
rotic vascular disease, and ischemic nephropathy .
Approximately 80% of the cases of CCE reported thus
far have occurred because of catheter manipulation
[3]
and anticoagulation therapy . The present patient
had no history of endovascular catheter manipulation,
anticoagulation, or thrombolytic therapy, and his
symptoms were caused by an embolism. The symp
toms could vary according the amount and range
of embolization, from acute symptoms caused by
arterial embolization to chronic symptoms caused by
foreign body reaction to cholesterol crystals. There is
[3]
no established treatment for CCE . In addition, highpressure therapy, low-density cholesterol apheresis,
steroids, and plasma exchange have been reported
[4]
as causes of CCE. According to Scolari et al following
the kidneys and skin, the digestive system is most
susceptible to CCE.
With respect to lesions in the gastrointestinal
tract, lesions occur most frequently the large intes
tine, followed by the small intestine, and finally the
[5]
stomach . The characteristics of the lesions vary in
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terms of redness, erosion, ulcer, stricture, obstruction,
and symptoms caused such as abdominal pain,
[6,7]
diarrhea, and gastrointestinal bleeding . Such lesions
[8]
may also lead to perforation by intestinal ischemia .
In our case, the patient was not under any type
of treatment including anti-thrombotic therapy and
vascular catheterization. Since the arteriosclerosis was
very pronounced, it may have been a risk factor, along
with hypertension, for CCE. The lesion was confined
to one area of the small intestine, and atherosclerosis
was observed in the large blood vessels in the vicinity.
Thus, the cholesterol emboli could have led to vessel
occlusion. Embolism caused by cholesterol crystals
differs from thrombosis in that the former does not
usually completely occlude the vessel. Since an
embolism caused gradual ischemic changes, it may
have caused advanced fibrosis, which could further
lead to intestinal stenosis. Although this condition has
[9]
a poor prognosis , at present, the current patient is
healthy without recurrence.
In conclusion, intestinal obstruction caused by
spontaneous CCE is very rare. Although CCE usually
has a serious prognosis, this patient is presently
healthy without recurrence. In cases of unexplained
intestinal obstruction, it may be useful to think of CCE
as a potential differential diagnosis.

COMMENTS
COMMENTS
Case characteristics

An 81-year-old man with a clinical history of hypertension, benign prostatic
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hyperplasia, pulmonary tuberculosis, and an oropharyngeal benign tumor
complained abdominal pain, bloating, and anorexia.
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Abstract
Primary splenic angiosarcoma (PSA) is an unusual
and highly malignant vascular tumour with a high rate
of metastatic. Moreover, the research on prognosis
of the disease is poor. The epidemiology, etiology,
clinical diagnosis and treatment of the disease remain
challenging, because case reports of the disease are
few in number. In accordance with other malignant
tumors, PSA is very aggressive, and the majority
of patients in which this disease is found are at an
advanced stage. Almost all patients die within 12 mo
of diagnosis irrespective of treatment. We report here
a woman who had complained of upper bellyache and
anorexia for 10 d. Magnetic resonance imaging showed
enlargement of the spleen with multiple heterogeneous
masses in the lower pole of the spleen. A hand-assisted
laparoscopic splenectomy was performed which allowed
histopathologic diagnosis. The patient was diagnosed
with PSA and liver metastasis, and succumbed to the
disease 35 d after surgery. The literature was finished
combined with the clinical features, diagnosis and
management of PSA.
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Core tip: Primary splenic angiosarcoma (PSA) is an
unusual tumor originating from the blood vessel. To
date, very few cases of PSA have been reported. We
report a woman who had PSA after splenectomy,
and liver metastasis was also detected. The patient
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died 35 d after surgery. We review the literature and
conclude that early diagnosis followed by splenectomy
is beneficial for better survival of the patients.
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INTRODUCTION
Primary splenic angiosarcoma (PSA) is an unusual and
highly malignant non-hematolymphoid tumor of the
spleen. It was described for the first time by Theodor
[1]
Langhans in 1879 , and the incidence of SPA has been
[2,3]
reported between 0.15 and 0.26 per million people .
Although it occurs primarily in older patients, indivi
[2,4-8]
duals of any age can be affected
, from 14 mo
to 89 years. It has a slight gender difference, such
[3]
that the ratio of rates in males and females is 4:3 .
We report a 46-year-old female PSA patient with
hepatic metastasis. In addition, we summarize the
features and outcomes of PSA according to the clinical
characteristics.

Figure 1 Magnetic resonance imaging. A: Coronal T2-weighted image
revealed multiple nodular lesions in the liver parenchyma; B: Contrast-enhanced
magnetic resonance imaging showed marked heterogeneous enhancement in
the splenic mass, and multiple high signal intensity lesions in the liver.
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heterogeneous mass of 7.8 cm × 5.7 cm and multiple
nodules in the liver parenchyma (Figure 1). So the
diagnosis of the primary splenic malignancy with
hepatic metastasis was suggested based on imaging
findings. A hand-assisted laparoscopic splenectomy
was then performed not only for the purpose of
curing the disease, but also for histopathologic
diagnosis. In this process, the patient had received
2 units of fresh frozen plasma and frozen plasma,
3 units of blood cells and 6 units of cryoprecipitate.
Intraoperatively, we observed a scleroid tumor mass
6 cm × 5 cm in size in the lower pole of the spleen. A
cross-section of the specimen demonstrated a wellcircumscribed grayish yellow lesion. In accordance
with the imaging findings, laparotomy revealed
micrometastases in the liver. Thus, a histopathologic
biopsy was carried out. The pathologic diagnosis of
the excised spleen was originating from the spleen
(Figure 2) and liver metastasis, which were confirmed
by pathologic examination of the biopsied specimen.
Immunohistochemical analysis showed that the
tumor cells were positive for CD31+++ (Figure 3A),
CD34+++ (Figure 3B), FVIII (Figure 3C), Ki-67
+ 30% (Figure 3D), and were negative for CD68,
cytokeratin, epithelial membrane antigen, desmin,
actin, smooth muscle actin, and lysozyme. The patient
leave the hospital after 15 d with no complications, but
succumbed to the disease 35 d after surgery.

A woman was referred to our hospital from a local clinic
on April 16, 2015, complaining of intermittent upper
abdominal pain and anorexia for 10 d. Following the
occurrence of these symptoms, the patient reported
no weight loss. We did not know the medical history
of the patience except for laparoscopic resection of an
ovarian cyst, which was performed in Fuzhou People’
s Hospital (Jiangxi, China) 10 years previously. The
patient’s family number was very important, since
the patient’s mother and father had all died of cancer.
No abnormalities were observed during physical
examination. Laboratory examinations on admission
revealed: white blood cell (WBC) count of 5.41 ×
9
9
10 /L (normal range 4-10 × 10 /L), hemoglobin 75
g/L (normal range 110-150 g/L), platelet count 151
9
9
× 10 /L (normal range 100-300 × 10 /L), alanine
aminotransferase 49 U/L (normal range 5-35 U/L),
aspartate transaminase 48 U/L (normal range 5-40
U/L), γ-glutamyl transpeptidase 87 U/L (normal range
≤ 32 U/L), and albumin 29.6 g/L (normal range 34-48
g/L). Serum tumor markers, including α-fetoprotein
(AFP), carcinoembryonic antigen (CEA), carbohydrate
antigen 19-9 (CA19-9), and carbohydrate-125
(CA-125), were all within normal ranges. A coagulation
function test was performed and no positive results
were observed. Magnetic resonance imaging (MRI)
of the abdomen has shown a well circumscribed
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fatigue, shortness of breath, fever, chest pain, weight
[3,13]
loss and anorexia
. A minority of patients are
asymptomatic and PSA is discovered incidentally.
In severe cases, patients may develop spontaneous
splenic rupture which is one of the most severe
complications of this disease with a reported incidence
[3]
of up to 25% . However, it has been reported that
splenic rupture was not combined with the clinical
[3]
outcome . As we all know, a total of 17 cases of
splenic rupture secondary to angiosarcoma had been
reported until February 2015. All of these cases had
undergone splenectomy, and postoperative survival
ranged from 1 d to 7 mo. When do the physical
examination, the disease could also presented with
the splenomegaly identified, and quadrant abdominal
[14]
mass .
Laboratory findings described combined with
the disease include anemia, thrombocytopenia,
leukocytosis, and an elevated erythrocyte sedimen
[2,3]
tation rate . None of these abnormalities was present
in our patient, with the exception of anemia. Tumor
markers (AFP, CEA, CA-125 and CA19-9) are always
within normal ranges or only mildly elevated.
While there is still a lack of standardization, the
majority of the diagnosis of angiosarcoma is suggested
[14]
at the imaging of the patients . The most common
ultrasonographic findings are represented by spleno
[15,16]
megaly, ill-defined solid and others
. Computed
tomography could show the enlarged spleen with
solitary or multiple nodular masses of heterogeneous
low attenuation. Some of these masses has shown
the peripheral enhancement, and the margins of the
[13,16,17]
lesions could not see clearly
. On MRI, areas
of increased and decreased signal intensity may
be seen on images obtained with both T1- and T2weighted pulse sequences, and contrast-enhanced
MRI reveals heterogeneous enhancement within the
[18,19]
tumor
. Low-signal-intensity areas on MRI probably
[20]
represent siderotic nodules . In our case, only MRI
was performed. Nonspecific clinical presentation and
laboratory test results emphasize the essential role of
imaging in the diagnosis of PSA.
The therapeutic strategies for PSA are limited as the
disease is extremely rare and has highly aggressive
characteristics. Splenectomy is the predominant
treatment method for PSA without metastasis. Chemo
[21,22]
therapy and radiotherapy have also been reported
.
However, the role of these adjuvant therapies still
remain to be defined. In addition to patients with
distant metastasis, splenectomy is suggested for
pediatric angiosarcoma of the spleen. Due to the
immune system of infants is not developed very well,
so that a complete splenectomy may have negative
effects on system. A complete splenectomy may
increases postoperative risks, including the possibility
of overwhelming post-splenectomy infection (OPSI).
OPSI occurs at an estimated incidence of 0.23%-0.42%
[23]
per year, with a mortality of 38%-69% . Splenic
rupture may occur in PSA, thus early diagnosis of PSA

Figure 2 Histopathologic findings of the splenic specimen. Clusters of
spindle tumor cells infiltrating the spleen parenchyma (HE stain; magnification ×
200).

DISCUSSION
Although the spleen play an important role in our
life and it is also an important immune organ, it
rarely reported as the beginning of tumors. Primary
malignant tumors of the spleen are extremely rare
and include lymphoma, reticulum cell sarcoma, fibro
sarcoma, and angiosarcoma which is also recognized
as malignant hemagioendothelioma. It is reported that
PSA originates from immature endothelial-type cells,
the immunohistochemical techniques has confirmed
[9]
it . PSA is a very aggressive neoplasm, it could last
[2,3]
4.4-14 mo . In the majority of patients with PSA,
distant metastasis is present at the time of laparotomy,
with the most common sites has occurred in lungs,
[2,3,5]
bones, lymph nodes, adrenal glands and others
.
The findings in our case were consistent with these
results, as liver metastasis was identified.
The pathogenesis of this highly aggressive mali
gnancy remains unclear. Possible causative factors
include ionizing radiation, arsenic, vinyl chloride and
[10,11]
chemotherapy for lymphoma
. However, some
reports indicate that angiosarcoma of the spleen
develops from previously existing benign tumors, such
[4,6]
as hemangioma or hemangioendothelioma . None
of these factors were involved in our case. Delacruz
[12]
et al
reported a 69-year-old woman who presented
with splenic angiosarcoma during the follow-up for a
history of liposarcoma of the right buttock. Three years
prior to the patient’s admission, she had received
neoadjuvant chemotherapy for the liposarcoma. In
addition, a remarkable family medical history was
noted for a sister with angiosarcoma of the spleen and
her mother with breast cancer. Our patient’s family
history was significant for the death of her mother
due to gastric cancer and the death of her father due
to lung cancer. With the information provided, we
made an assumption that family history may play a
significant role in the pathogenesis of PSA.
The clinical manifestations of PSA vary significantly.
Upper abdominal pain is the most common mani
[3]
festation . Other symptoms include weakness or
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Figure 3 Immunohistochemical examination of the splenic specimen. A: Specimen stained positive for CD31 (magnification × 200); B: Specimen stained positive
for CD34 (magnification × 200); C: Specimen stained positive for FVIII (magnification × 200); D: Ki-67 proliferation index less than 30% (magnification × 100).

Clinical diagnosis

followed by splenectomy before rupture may yield a
[2,24]
[25]
more favorable survival rate
. Montemayor et al
found that patients with splenic angiosarcoma had a
longer survival time if splenectomy was performed
prior to rupture rather than after rupture (14.4 mo vs
4.4 mo).
Similar to other aggressive neoplasms, PSA is a
malignancy with a poor prognosis. It was reported
[3]
by Neuhauser et al that PSA has a survival of 5 mo,
irrespective of the type of treatment administered.
We report a case of a 46-year-old woman with PSA
and liver metastasis, who died 35 d after surgery.
This case report together with the literature review of
previous cases provide an alert for clinicians that PSA
should be considered when the clinical presentation
includes symptoms such as upper abdominal pain,
hematology abnormalities (anemia, leukocytosis,
thrombocytopenia, and/or elevated erythrocyte
sedimentation rate). In addition, imaging examination
is essential for early diagnosis of PSA. Considering
that early diagnosis followed by splenectomy shows
an advantage in terms of survival rate, early diagnosis
should be a hot topic in the treatment of this disease.

Intermittent upper abdominal pain and anorexia may be nonspecific symptoms.
No abnormalities were found during physical examination.

Differential diagnosis

Differential diagnosis included hemangioma, littoral cell angioma, lymphangioma
and hemangiopericytoma.

Laboratory diagnosis

white blood cell count 5.41 × 109/L, hemoglobin 75 g/L, platelet count 151
× 109/L, alanine aminotransferase 49 U/L, aspartate transaminase 48 U/L,
γ-glutamyl transpeptidase 87 U/L, and albumin 29.6 g/L. Serum tumor markers
were within normal ranges.

Imaging diagnosis

Magnetic resonance imaging of the abdomen revealed an enlarged spleen with
a well circumscribed heterogeneous mass measuring 7.8 cm × 5.7 cm and
multiple nodules in the liver parenchyma.

Pathological diagnosis

Histopathologic diagnosis was angiosarcoma originating from the spleen, and
liver metastasis. Splenic tumor cells stained positive for CD31, CD34+++, FVIII,
Vimentin+++, and Ki-67 + 30%.

Treatment

A hand-assisted laparoscopic splenectomy was performed not only for the
purpose of curing the disease, but also for histopathologic diagnosis.
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Related reports

Case characteristics

There are few reports of liver metastasis from splenic angiosarcoma in the
literature. However, the liver is the most frequently reported organ in terms of

A 46-year-old woman with a history of laparoscopic resection of an ovarian cyst
presented with upper abdominal pain and anorexia for 10 d.
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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
Mirko Diksic, Montreal
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

II

George G Chen, Hong Kong
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
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

January 1, 2016

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

Pradyumna K Mishra, Mumbai
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

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
Zoltan Rakonczay, Szeged
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
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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

IV

Jacob Yahav, Rehovot
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
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Massimo Falconi, Ancona
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
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EDITORIAL

Thermal ablation in colorectal liver metastases: Lack of
evidence or lack of capability to prove the evidence?
Sergio Sartori, Paola Tombesi, Francesca Di Vece
ablative therapies are not yet considered as effective
options because their efficacy has never been proved
by randomized controlled trials (RCT). However, there
are in literature no trials that failed in demonstrating
the effectiveness of ablative treatments: what are
lacking, are the trials. All the attempts to organize
phase Ⅲ studies on this topic failed as a result of
non accrual. Just one prospective RCT comparing
radiofrequency ablation combined with systemic
chemotherapy vs chemotherapy alone has been
published. It was designed as a phase Ⅲ study, but
it was closed early because of slow accrual, and was
downscaled to phase Ⅱ study, with the consequent
limits in drawing definite conclusions on the benefit
of combined treatment. However, the combination
treatment met the primary end point of the study and
obtained a significantly higher 3-year progression-free
survival than systemic chemotherapy alone. It is very
unlikely that ultimate efficacy of ablation treatments will
ever be tested again, and the best available evidence
points toward a benefit for the combination strategy
using ablative treatments and chemotherapy.
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Core tip: Phase Ⅲ randomized controlled trials (RCT)
on the efficacy of thermal ablation combined with
systemic chemotherapy in colorectal liver metastases
are lacking in literature, and it is very unlikely that
ultimate efficacy of ablation treatments will ever be
tested again by RCT because of the difficult accrual.
However, the best available evidence points toward
a benefit for the combination strategy using ablative
treatments and chemotherapy.

Abstract
Many studies suggest that combined multimodality
treatments including ablative therapies may achieve
better outcomes than systemic chemotherapy alone in
patients with colorectal liver metastases. Nevertheless,
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[17-19]

to 48 mo
; and LA achieved 3-year- and 5-year
survival rates ranging from 56% to 72%, and from
33% to 37%, respectively, with a median survival
[9, 20,21]
ranging from 35 to 54 mo
.
In practice, there is in literature a vast amount
of studies suggesting that combined multimodality
treatments including ablative therapies may achieve
better outcomes than systemic chemotherapy alone in
patients with LM from colorectal cancer. Nevertheless,
and despite they are currently and widely being
used in both eastern and western countries, ablative
therapies are not yet considered as effective options in
the multimodality treatment of colorectal LM, because
their efficacy is suggested by single-arm, retrospective
and prospective trials, but it has never been proved by
[12]
randomized controlled trials (RCTs) .

Sartori S, Tombesi P, Di Vece F. Thermal ablation in colorectal
liver metastases: Lack of evidence or lack of capability to prove
the evidence? World J Gastroenterol 2016; 22(13): 3511-3515
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i13/3511.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i13.3511

INTRODUCTION
Every year colorectal cancer is diagnosed in at least
one million people worldwide, and liver metastases
(LM) will develop at some point during the course
of the disease in up to 50% of the patients. Surgical
resection of LM is the procedure of choice with five[1-3]
year survival rates of 50%-60% . However, surgical
resection is only feasible in approximately 10%-20%
of cases. In most patients, too extensive liver disease,
extra-hepatic disease, or co-morbidity preclude radical
resection. In these patients, systemic combination
chemotherapy with or without biologic therapy is the
standard of care, and it has been shown to prolong
[4-6]
median survival to nearly two years . Over the past
decade, several techniques for local tumor destruction
emerged as alternative treatments for patients with
non-resectable colorectal LM, in particular thermal
ablation techniques such as radiofrequency ablation
(RFA), microwave ablation (MWA), and laser ablation
[7-9]
(LA) . They have been reported to prolong survival
and to improve quality of life of patients with LM
[10]
from colorectal cancer , and they may be indicated
in patients with resectable lesions as an adjunct to
resection, or inoperable lesions which demonstrate
complete or partial response after chemotherapy,
[11]
or recurrent and progressive lesions . There is
wide variability in the reported 3-year and 5-year
survival rates, mainly due to the different experience
with the ablative techniques, tumor biology, and
[12]
patient or tumor selection criteria . Moreover, it
is a major challenge to determine how to integrate
thermal ablation with adjuvant and/or neoadjuvant
chemotherapy, in an effort to further improve disease
control and survival. However, survival indexes among
the ablation techniques are not significantly different.
RFA is the most used ablation technique worldwide. In
patients with a maximum of 5-6 LM with a maximum
diameter of 5-6 cm, RFA was reported to obtain 3-year
and 5-year survival rates ranging from 28% to 46%,
and from 25% to 46%, respectively, with a median
[13-16]
survival ranging from 30 to 40 mo
. Studies on
the outcomes of MWA and LA are less numerous
and generally involve smaller series of patients, but
both techniques seem to be as effective as RFA. In
subgroups of patients with similar tumor characteristics
(from two to 9 LM with a maximum diameter of 6.8
cm), MWA achieved 3-year and 5-year survival rates
ranging from 46% to 51%, and from 17% to 32%,
respectively, with a median survival ranging from 20
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WHERE ARE THE TRIALS?
If it is true that the efficacy of ablative therapies
has never been proved by RCTs, it should also be
underlined that there are in literature no trials that
failed in demonstrating the effectiveness of ablative
treatments: what are lacking, are the trials (Table
1). Multiple factors contribute to such a lack of RCTs
investigating the outcomes of ablative therapies
for LM from colorectal cancer. One factor may be
the reluctance of patients to be randomly assigned.
Another factor is surely the objective difficulty in
adequately stratifying both patients and tumors as
concerns stage of disease, size and number of LM,
presence/absence of extrahepatic disease, types of
previous, concomitant, or salvage chemotherapies,
primary and secondary end points, and so on.
Moreover, many clinicians may be reluctant to enroll
patients into trials because they are convinced that
currently available data from highly selected patient
series provide sufficient evidence. Finally, the limited
resources available to support the costs of clinical trials
may represent a further obstacle. As a result of these
limiting factors, an attempt to organize a prospective
randomized phase Ⅲ trial comparing resection and
RFA in well stratified groups of patients with LM from
colorectal cancer (French FFCD 2002-02) failed (Table
1). Likewise, the United States National Surgical
Adjuvant Breast and Bowel project trial comparing
oxaliplatin, capecitabine, and hepatic arterial infusion
of floxuridine, with oxaliplatin and capecitabine in
patients with resected or ablated colorectal LM was
closed as a result of nonaccrual, and results were not
published (Table 1). To date, just one prospective RCT
that investigated the efficacy of ablative therapies
has been published. It was planned and designed as
a phase Ⅲ study by the European Organization for
Research and Treatment of Cancer (EORTC) in an
attempt to determine the additional value of RFA,
comparing RFA (associated or not to resection) plus
systemic chemotherapy vs systemic chemotherapy
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Table 1 Thermal ablation in colorectal liver metastases: When the evidence can not be very evident
Phase Ⅲ RCT
French FFCD 2002-02
United States Nat Surg Adj Br Bow
trial
CLOCC (median FU 4.4 yr)[22]

Compared arms

Status of RCT

Results

Surgical resection vs RFA
CT + HAI vs CT + Resection or RFA

Closed because of non accrual
Closed because of non accrual

Not published
Not published

CT vs CT + RFA

Downscaled to Phase Ⅱ trial
because of slow accrual
FU in progress

OS: P = 0.22
PFS: P = 0.025 in favour of CT + RFA
OS: P = 0.01 in favour of CT + RFA

CLOCC (median FU 9.7 yr)[26]

CT vs CT + RFA

RCT: Randomized controlled trials; RFA: Radiofrequency ablation; CT: Systemic chemotherapy; HAI: Hepatic arterial infusion; OS: Overall survival; PFS:
Progression free survival.

alone in patients with unresectable colorectal LM
[22]
(CLOCC trial)
(Table 1). The enrollment started in
April 2002 involving 22 centers, but in June 2007 the
trial was closed early because of slow accrual (119
patients recruited from 22 centers in more than five
years, just one patient per center per year!), and was
amended and downscaled to phase Ⅱ study, with
the consequent strong limits in drawing definitive
conclusions on the benefit of combined treatment
RFA plus chemotherapy. However, the trial yielded
some interesting results. The study design considered
the patients as eligible for RFA if they had up to ten
LM, with a maximum diameter of 4 cm: this is not
exactly the most favorable scenario for RFA, which is
known to achieve the highest rates of complete tumor
destruction in presence of up to three or four tumors
[23-25]
with a maximum diameter of 3 cm
. Nevertheless,
the combination treatment RFA plus chemotherapy
met the primary end point of the study [30-mo overall
survival (OS) rate > 38%; OS rate observed in the
arm 61.7%], and obtained significantly higher 3-year
progression-free survival (PFS) rate and median PFS
than systemic chemotherapy alone (27.6% and 16.8
mo, respectively, vs 10.6% and 9.9 mo, respectively, P
[22]
= 0.025) . However, median OS was not statistically
different between the two arms, as it was higher than
expected in the systemic treatment alone arm (40.5
mo vs 45.3 mo for combined treatment arm, P =
0.22). The downsizing of the CLOCC trial to a phase
Ⅱ trial does not allow any direct comparison in OS,
but the prolongation of median PFS of nearly 7 mo in
the combination treatment arm might be translated
into a higher OS after longer follow-up. However, the
possible translation of improved PFS into prolonged
OS would be biased by the imbalances in salvage
treatments after disease progression, because patients
in the systemic treatment group received more
frequently systemic treatment as salvage treatment
than patients in the combined treatment group.
For all these reasons, despite the excellent result
of a 30-mo OS of 61.7% and a significantly higher
median PFS, the study concluded that the ultimate
effect of RFA combined with systemic chemotherapy
on OS remained uncertain, and whether PFS could
be considered an acceptable surrogate end point
[22]
remained debatable . Nevertheless, despite these
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unsatisfactory and questionable conclusions, after a
longer median follow up of the patients enrolled into
the CLOCC trial (9.7 years vs 4.4 years) OS resulted
significantly better in the combination arm RFA plus
chemotherapy than in the arm treated with systemic
chemotherapy alone [observed median OS 45.6 mo
(95%CI: 30.3-67.8) vs 40.5 mo (95%CI 27.5-47.7);
[26]
HR = 0.58, 95%CI: 0.38-0.88, P = 0.01] (Table 1).
It is very unlikely that ultimate efficacy of RFA or
other ablation techniques on OS will ever be tested
again, given the proved difficult accrual of the trials
designed to this aim. Moreover, the effect that ablative
therapies have on OS may be difficult to isolate
because multiple treatment options for colorectal
cancer can be used before and/or after ablative
procedures, and local recurrence-free survival or
local progression-free survival have been suggested
[12]
as acceptable secondary end points . However,
according to what observed by some of the authors
of the CLOCC trial in a paper based on either the
results of the CLOCC trial itself or the data reported in
[27]
literature , the best available evidence points toward
a benefit for the combination strategy using ablative
treatments and chemotherapy. As a consequence of
these observations, a position paper by an international
panel of ablation experts has recently recommended
the ablative therapies associated with systemic
chemotherapy as the treatment of choice in patients
[28]
with non-resectable but limited liver disease .
The next fields of investigations should be
addressed to identify the tumor characteristics and
subgroups of patients with inoperable colorectal LM
who could most benefit by the ablative treatment
combined with systemic chemotherapy, rather than
to persist in planning randomized trials that will never
be. For instance, there is in literature accumulating
evidence that RFA can result in improved long-term
survival in patients with up to three lesions ≤ 3 cm
[27]
in size , but the recent technical advances in MWA
technology have been reported to achieve coagulation
[29-31]
areas significantly larger than RFA
. Could the
threshold of 3 cm in size be raised to 4 or 5 cm using
the most advanced MWA systems, maintaining the
same efficacy achieved by RFA in lesions up to 3 cm?
Furthermore, what should be the best combination
treatment strategy: debulking tumor mass by thermal
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ablation to reduce tumor load needed to treat with
systemic chemotherapy, or downstaging with systemic
chemotherapy followed by thermal ablation of the
remaining lesions?
Literature regarding these topics and many other
ones dealing with the selection criteria and strategies
to improve the outcome of thermal ablation combined
with systemic chemotherapy in the treatment of
patients with colorectal LM is quite scarce or even
absent, and the next trials should aim at exploring
these fields of research.

6

CONCLUSION

9

7

8

The best available evidence suggests that ablation
therapies are a useful adjunct to systemic treatment,
and many experts worldwide recommend them as an
important component of the multimodality treatment
[28]
of patients with LM from colorectal cancer . The
unsatisfying results of the attempts to perform ran
domized trials aimed at investigating the efficacy of
thermal ablation combined with systemic chemotherapy
highlight the limits of the evidence based medicine in
some particular settings, much more than the limits of
the combined treatment.
About ten years ago, in a provocative and very
well done systematic review of the literature, Smith
and Pell observed that parachutes are widely used
to prevent death and major injury after gravitational
challenge, but their effectiveness has not been proven
by randomized controlled trials because of the difficult
[32]
accrual .
Sometimes, the evidence cannot be evidently proved,
and needs to be supported by the common sense.
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Serrated colorectal cancer: Molecular classification,
prognosis, and response to chemotherapy
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Rodrigo Jover
based on the hypermethylation of specific DNA regions
that silences tumor suppressor genes. This alternative
pathway has been called the serrated pathway due
to the serrated appearance of tumors in histological
analysis. New classifications for colorectal cancer (CRC)
were proposed recently based on genetic profiles
that show four types of molecular alterations: BRAF
gene mutations, KRAS gene mutations, microsatellite
instability, and hypermethylation of CpG islands. This
review summarizes what is known about the serrated
pathway of CRC, including CRC molecular and clinical
features, prognosis, and response to chemotherapy.
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Core tip: Recently, the implication among colorectal
cancers with methylator phenotype has burst into
the gastroenterology literature. In this review, we
analyze the correlation between serrated cancers,
the methylator phenotype and other genetic features
in order to assess their prognosis and response to
adjuvant chemotherapy.
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Abstract

INTRODUCTION

Molecular advances support the existence of an alter
native pathway of colorectal carcinogenesis that is

Colorectal cancer (CRC) is considered a major health
issue: it is the most prevalent cancer and the second
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Figure 1 Types of serrated polyps. Serrated polyps can be divided into four types: hyperplastic polyps (HPs), sessile serrated adenomas (SSAs), traditional serrated
adenomas, and mixed polyps (MPs). The polyps can also be genetically characterized according to their CIMP, BRAF, KRAS, and MSI status, and certain patterns are
found frequently for each category of polyp. Both microvesicular hyperplastic polyps (MVHPs), which are an HP subset, and SSAs have BRAF mutations more often
than KRAS mutations. Conversely, goblet cell hyperplastic polyps (GCHPs), another HP subset, more frequently show KRAS mutations. BRAF mutations often correlate
with high-grade CIMP CRC, whereas KRAS-mutated serrated polyps are more commonly found in low-grade CIMP. MPHP: Mucin-poor hyperplastic polyp.
[1]

[8,9]

largest cause of cancer death in Western countries .
Traditionally, colorectal carcinogenesis research
has focused on the chromosomal instability (CIN)
pathway, in which the APC gene mutation is the first
pathogenic event that leads to allelic losses and to
somatic gene amplification and translocation. This
classical carcinogenetic model is responsible for about
[2-5]
70%-80% of all CRC cases . A second carcinogenic
pathway was described in the last decades of the
20th century. This pathway is related to inactivation
of the mismatch repair (MMR) gene system, which
in turn leads to inactivation of mutated tumor
suppressor genes, and is called MMR or MSI pathway.
Lynch syndrome is the paradigm of this alternative
carcinogenetic model; this syndrome leads to diploid
tumors that have a microsatellite instability (MSI)
[6]
phenotype .
Lastly, molecular advances have identified a third
pathway of colorectal carcinogenesis. This pathway
does not cause changes at the chromosomal level or in
the MMR system; rather, it involves hypermethylation
of specific DNA regions near the promoter genes: the
CpG islands. This alternative pathway is called the
serrated pathway due to the serrated appearance of
tumors in histological analysis. The main molecular
feature of these tumors is the variable degree of
[7]
methylation in promoter gene regions . Like MSI
tumors, serrated cancers are diploid tumors, and
some genetic variability has been described for tumors
caused by the serrated pathway. New classifications
were proposed recently for CRC based on genetic
profiles that show four types of molecular alterations:
BRAF gene mutations, KRAS gene mutations, MSI, and
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hypermethylation of CpG islands .
The aim of this review is to summarize what is
known about the serrated pathway and CRC, including
CRC molecular and clinical features, prognosis, and
response to chemotherapy (CT).

SERRATED LESIONS
Serrated polyps constitute a heterogeneous group of
lesions that include four types of polyps: sessile serrated
adenomas (SSAs), traditional serrated adenomas
(TSAs), mixed polyps (MPs), and hyperplastic polyps
[10]
(HPs) . HPs are the most prevalent serrated lesion
type, accounting for around 80%-90% of serrated
polyps. HPs are subdivided into three subtypes:
microvesicular HPs (MVHPs), goblet cell HPs (GCHPs),
[11]
and mucin-poor HPs (MPHPs) . Although only a
minority of HPs will progress to CRC, mainly when
they are right-sided, there can be progression to other
[11]
serrated lesions that can evolve into CRC . MVHPs
are more likely to localize to the right colon and may
progress more frequently to SSA. Conversely, when
GCHPs evolve into other lesions, they are more likely to
[12]
be left-sided TSAs (Figure 1) .
SSAs are less common than HPs, accounting for
about 10%-25% of serrated polyps. Located mainly
in the right colon, they can be original tumors or can
[13]
evolve from HPs . TSAs account for about 1%-2%
of serrated polyps and are more frequent on the left
[13]
colon . Finally, MPs constitute around 1%-4% of
[14]
serrated polyps . Mixed tumors usually comprise a
dysplastic lesion (TSA or conventional adenoma) plus
[15]
a non-dysplastic one, usually an HP or SSA .
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[22,23]

aging, CIMP-C is more related to cancer
. In
addition, some authors have suggested different ways
[24]
[25]
to categorize CIMPs . Shen et al
defined three
subgroups of CIMP CRCs: CIMP1, CIMP2, and CIMPnegative. KRAS mutations are reported to be the
strongest predictor for CIMP2 (92%). Later, Ogino et
[26]
al . Proposed the use of 8 markers rather than 5 to
classify methylation. They defined CRCs as CIMP-0
when none of the markers were methylated; as CIMPlow (CIMP-L) when 1 to 5 markers were methylated;
and as CIMP high (CIMP-H) when 6-8 markers were
methylated. The new cluster of methylated markers
proposed by Weisenberger suggests that CIMP-L
tumors might have high levels of methylation at other
unknown loci rather than at a just a few loci. In fact,
more CIMP CRCs were identified when the test panel
[7]
of methylated markers was expanded . Although the
Weisenberg panel of loci is currently used more often
than other panels, it is not yet clear which markers are
the most appropriate for establishing the CIMP status
of tumors.
The prevalence of CIMP tumors varies in different
types of serrated lesions. CIMP-H is present in around
41%-73.3% of MVHPs but only in about 8%-18.2%
[27]
of GCHPs . The proportion of CIMP-H in evolved
serrated lesions is similar: the proportion is about
[28]
44%-76.8% in TSAs and about 80% in SSAs .
Nonetheless, low grade CIMP is more often associated
[13,27-32]
with TSAs than with SSAs (Figures 2 and 3)
.

GENETIC AND MOLECULAR FEATURES
The serrated pathway is complex and is currently poorly
understood. This pathway has two key characteristics,
namely aberrant hypermethylation of certain promoter
regions in the genome and alterations in MAP kinase
signaling pathway genes.

Aberrant hypermethylation

Functions related to the human genome are tightly
regulated, and enzymatic systems control processes
such as DNA mismatch repair, DNA transcription
and replication. DNA transcription is the result of the
regulation of genomic expression. Specifically, the
transcription machinery interacts with the start codon
ATG via DNA methyltransferases and forms methyl
[16]
cytosine . In humans and other mammals, only
cytosine residues that precede a guanosine in the DNA
sequence are modified to form CpG dinucleotides.
These can change the three-dimensional configuration
of the DNA and consequently affect its interaction
with transcription factors. Methylation of these CpG
dinucleotides usually leads to genetic silencing.
CpG dinucleotides are located throughout the DNA
sequence, and approximately half of all human gene
promoter sequences are embedded in these CpG
[17]
clusters, which are termed CpG islands . The CpG
island sequence is at least 200 bases long and is
usually > 500 bases; the CG content is > 50%, and
[18,19]
the ratio of observed-to-expected CpGs is > 60%
.
In the genomes of cells in healthy tissue, the CpG
islands are usually unmethylated, especially those
associated with gene promoters. Conversely, about
80% of the CpG dinucleotides that are not part of CpG
islands (i.e., that are in DNA non-coding regions) are
heavily methylated to prevent the expression of viral
sequences that are integrated into the genome as well
[20]
as the expression of many other DNA elements .
On the one hand, hypomethylation of these CpG
dinucleotides could result in harmful gene expression;
on the other hand, methylation of the promoter
regions could have undesirable adverse effects.
Notably, some methylated promoters do not play
any role in tumor development-these genes with
methylated promoters are called “methylated in
[16]
tumor” or MINT genes . However, other methylated
CpG islands in promoter regions silence the expression
of known tumor suppressor genes by interrupting
the interactions between transcription factors and
the start codon. When this happens, it is considered
a new phenotype of CRC that is caused mainly by
epigenetic alterations rather than by DNA mutations
and is called the CpG island methylator phenotype
or CIMP. This term was introduced in 1999 when it
was first suggested that CRC could be initiated by
genetic silencing in the absence of DNA sequence
[21]
modifications . There are two types of CIMPs that
are closely related and that are sometimes difficult
to distinguish. Whereas CIMP-A is more related to
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The MAPK pathway

When the serrated pathway was first described,
investigators considered it a unique and linear
carcinogenesis pathway. However, the current view is
that the early events in this pathway include both an
alteration of the MAPK pathway plus concomitant DNA
[4]
epigenetic alterations . The MAP kinase pathway is a
via of intercellular signaling transmission. Mutations
in their constituent proteins mainly involve the Raf
and RAS families (Figure 4). There are 3 types of Raf
kinases, termed types A, B, and C. B-Raf (or BRAF)
is located on 7p34, is involved in serrated CRC, and
[33]
is mutated in approximately 10% of CRC cases .
A BRAF mutation is rare in CIN tumors, and its pre
sence almost completely excludes a Lynch syndrome
[34,35]
diagnosis
. Therefore BRAF can be considered
to be specific to CRCs arising via the serrated
[7,33,35]
pathway
. The BRAF V600E mutation, in which
valine is substituted for glutamate at codon 600 on
[36]
chromosome 7 , is the most common and the best
characterized mutation. V600E leads to constitutive
gene activation, thereby inducing cell proliferation and
inhibiting apoptosis.
RAS mutations can also lead to dysfunctional MAPK
pathway signaling. There are at least three RAS genes,
[37]
namely H-RAS, N-RAS, and K-RAS or KRAS . The
consequences of KRAS gene mutations are similar to
those of BRAF mutations in that the mutations can
induce proliferation and inhibit apoptosis. Classically,
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Figure 2 Features of microvesicular hyperplastic polyps and goblet cell hyperplastic polyps. Microvesicular hyperplastic polyps (MVHPs) and goblet cell
hyperplastic polyps (GCHPs) are premalignant lesions that differ mainly in their location and morphology. MVHPs are more likely to occur as a few large polyps in
the ascendant colon, and GCHPs are more likely to occur as multiple small polyps in the left colon. Each can become senescent or evolve into another type of polyp.
Although they can transform into other adenomas, MVHPs more often evolve into sessile serrated adenomas (SSAs), and GCHPs more often evolve into traditional
serrated adenomas (TSAs). The prevalence of KRAS mutations is higher in TSAs, while BRAF mutations are more prevalent in SSAs.

Serrated polyp
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Prevalence (%)

10-25

1-2

Right colon
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CIMP-H phenotype (%)
MSI (%)
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Figure 3 Features of sessile serrated adenoma and traditional serrated adenomas. Pathological analysis shows that sessile serrated adenoma (SSAs) are
more common than traditional serrated adenomas (TSAs). While TSA is preferentially located on the left colon, SSA is preferentially located on the right side. In
addition, both SSAs and TSAs are found in high-grade CIMP tumors, although several studies show a relationship between low-grade CIMP tumors and TSAs. BRAF
mutations are often observed in SSA, whereas KRAS mutations are often observed in TSAs. Contrary to what is found in serrated adenocarcinomas, MSI is almost
never present in serrated polyps.

RAS mutation has been linked to the CIN pathway,
but RAS is also impaired in some serrated cancers.
[38,39]
KRAS mutations are found in 30%-40% of CRCs
.
Activating KRAS mutations are most common (up
to 80%) in codon 12 but are also found in codon
13; these include the G12D, G12V, and G13D KRAS
[40]
point mutations . Notably, the combination of KRAS
mutation plus low grade CIMP in many serrated
lesions constitutes an alternative subset of CRC that
is established via the serrated pathway. For example,
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an increase in MGMT methylation rather than MLH1
methylation is associated with CIMP-L and KRAS
[41,42]
mutations
.

Serrated pathway

In the serrated pathway, BRAF or KRAS mutation
initially induces a burst of cellular proliferation in the
normal colorectal epithelium, and serrated aberrant
hyperplastic crypt foci seem to be the earliest
[43]
histological lesions . Mutations in both genes,
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Figure 4 MAPK pathway. This simplified diagram of the MAPK pathway shows the RAS/Raf-1/MEK/ERK pathway. RAS mutations are found in 36% of serrated
polyps, and Raf-1 mutations are found in 9%-11%. These mutations promote gene transcription and cellular growth that results in cellular adhesion, invasion,
metastasis, and angiogenesis.

although more frequently mutations in BRAF, can lead
to upregulation of p16INK4a and to an increase in
insulin-like growth factor binding protein 7 (IGFBP7)
[44]
secretion at aberrant crypt foci . p16INK4a and
IGFBP7 are tumor suppressor proteins that prevent
polyp growth and that drive these proliferative cells to
form small senescent lesions. The silencing of these
genes, for example by methylation, allows the cells
to escape from cellular senescence and permits the
progression to MVHPs or GCHPs and then to serrated
[37]
polyps . Some mRNAs have also been linked to
serrated carcinogenesis. One example is microRNA-31,
located at 9p21.3, which seems to correlate with
mutated BRAF tumors. MicroRNA-31 may be involved
in the progression from HPs to SSAs, since it has been
detected in a high proportion of these lesions as well
[45,46]
as in the CRCs that evolved from them
.
Some genes are inhibited in the pathway to
malignancy in CRC. Among them, the methylguanine
methyltransferase gene, MGMT, and the MLH1 gene
are the best characterized. MGMT is frequently
[42]
involved in the progression of TSA . While MLH1
silencing is linked to SSA evolution. MLH1 is one of the
main genes in the MMR system, and its inactivation
leads to an accumulation of mutations in microsatellite
sequences. This results in an MSI phenotype in these
tumors, which is a hallmark of CRC in Lynch syndrome.
However, only 3% of all CRCs and 20% of MSI CRCs
[18]
are due to Lynch syndrome . The remaining 80%
of MSI CRCs are considered sporadic CRCs that are
caused by the epigenetic inactivation of MLH1, which
[47]
is present in approximately 15% of all CRCs . These
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tumors follow the serrated pathway of carcinogenesis,
[24,48]
especially when CIMP is present
. In fact, most of
the sporadic MSI CRCs are CIMP tumors, although only
half of CIMP CRCs show methylation of the MMR genes
[49,50]
(Figure 5)
. “the natural course from serrated
polyps to advanced cancers can be followed in this
figure”.

CLINICAL FEATURES
The serrated pathway leads to a broad spectrum of
CRCs. It is important to view each CRC as the result of
both genetic and epigenetic alterations. In a review of
the literature, serrated adenocarcinoma was frequently
located on the cecum (52% of the time) and constituted
[51-53]
around of 16% of all proximal CRCs
. Serrated
adenocarcinoma is more common in Caucasians than in
[54]
Hispanics or African Americans . Some studies have
suggested that there is an association between specific
genetic profiles and certain clinical characteristics. Based
on this premise, several studies have reported the
[8,9]
clinical profiles of serrated adenocarcinoma cases .
Some studies distinguish between serrated adeno
carcinoma with vs without mutant BRAF. Serrated
adenocarcinoma with mutant BRAF seems to be more
frequent in older patients who are heavy smokers and
[55]
in female patients . It is more prevalent on the right
colon in larger tumors that are usually diagnosed at
[56,57]
an advanced stage (either pT4 or N2)
. In fact, in
the right colon, there seems to be a close relationship
between these features and the loss of expression
of the CDX2 gene and increased levels of annexin
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Figure 5 Serrated pathway. This diagram shows the chronological changes that occur during the development of neoplasia. MAPK mutations do not affect just
one gene; rather, they affect some genes more than others. Gene methylation is successive rather than simultaneous and contributes to the progression of the
serrated lesion. Depending on which genes are most affected, serrated cancers can be classified into three subtypes. GCHP: Goblet-cell hyperplastic polyp; MVHP:
Microvesicular hyperplastic polyp; SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma.
[58,59]

A10
. In addition, serrated adenocarcinoma cases
show a low frequency of liver and lung involvement
at the metastatic stage, but there is a higher pre
valence of peritoneal involvement at the onset of
[55,60]
metastasis
. From a pathological viewpoint,
BRAF-mutated serrated adenocarcinomas are more
frequently high grade tumors than other serrated
[61]
adenocarcinomas .
Mutated KRAS tumors, represent a subset of
CRCs that arise via the serrated pathway. Clinically,
these tumors are more variable than tumors with
mutated BRAF, probably due to the difficulties of
differentiating mutated KRAS tumors that arise via
the serrated pathway from those that arise via the
CIN pathway. KRAS mutated serrated tumors are not
linked with proximal location, and they are associated
with higher body weight, higher body fat percentage,
[62]
and with female sex . Although one study found a
[63]
higher prevalence in men . KRAS-mutated serrated
adenocarcinomas frequently show both low grade
tumor differentiation and low grade CIMP.
The clinical features of CIMP and MSI tumors
frequently overlap. CIMP tumors with MSS have
not been described in great detail, but one study
showed that they are associated with proximal CRC
location, female sex, and the presence of lymph node
metastasis and that they tend to present with liver
[64]
metastasis (Figure 6) .

have addressed the question of the prognoses of the
different CRC subtypes.
The BRAF mutation was the first biomarker to be
investigated. It has been described as a marker of
poor survival, due to its association with remodeling
of the extracellular matrix, a process that is important
for tumoral invasion and metastasis. Notably, its
prognostic role was investigated in a meta-analysis of
[65]
26 CRC studies . In general, the presence of BRAF
mutation is an independent marker of a poor prognosis
and is related to a decrease in 5-year disease-free
[66]
survival (DFS) . Its predictive value remains after
stratification by age, disease stage, and degree of
differentiation. However, other studies found that
mutant BRAF does not affect the intrinsically good
[67]
prognosis of MSI CRC. For example, Popovici et al
found BRAF to be a marker of poor prognosis only in
subpopulations with microsatellite-stable left-sided
tumors. Similarly, others report worse prognosis in MSS
[68]
cancers in men but not in women . As noted above,
there seems to be a strong relationship between the
CIMP status and BRAF mutations, with the prognostic
value of CIMP status being related to the presence of
BRAF mutations and, less frequently, to the presence
[69]
of KRAS mutations . Finally, regulation of SOX2 gene
expression and its role as a biomarker of poor survival
has been linked to tumors with BRAF mutations. This
may be related to cellular migration and invasion, since
an increase in SOX2 expression also correlates with
[70]
CRC liver metastasis .
In contrast to BRAF, the MSI status is closely
related to good prognosis in CRC, including in serrated
tumors. The predictive power of MSI is independent
of CIMP, BRAF, and KRAS status. However, it is clear
that MSS tumors are associated with better DFS at
any stage when no CIMP, KRAS, or BRAF mutations

PROGNOSIS
Until now, the prognosis and management of CRCs
has been based on the TNM staging system. However,
the genetic and molecular profiles of the different CRC
types should be used to improve the classification
and management of these tumors. Few studies
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Figure 6 Polyp features according to location. Half of serrated adenocarcinomas (SACs) are located on the right colon. KRAS-mutated polyps are preferentially
left-sided. However, polyps with BRAF mutations dominate those found on the right side of the colon. TSA: Traditional serrated adenoma; SSA: Sessile serrated
adenoma.

are found; in such cases, DFS is similar to that in
[9]
familial or sporadic MSI-CRC Some clinical trials have
reported poor outcomes in patients with CIMP-H MSS
CRC. Comparing the two MMR states, stage Ⅱ and
Ⅲ CRC with MSI has a better prognosis than MSS
[47]
CRC . Moreover, combined MSS and CIMP CRC with
mutant BRAF or KRAS frequently correlates with liver
metastasis at diagnosis and has the worst prognosis
[8,9,64]
of all CRCs
. The exactly role of CIMP status in
metastatic stage has not been elucidated. It’s possible
that the worst prognosis of those tumors could be due
to the presence of BRAS mutations as well.
The prognostic value of KRAS mutations has also
been investigated. KRAS mutation is proposed to be
a predictor of lower 5-year DFS in almost all studies,
without any prognostic differences between right- and
left-sided CRCs. However, some point mutations have
been described that impact prognosis. For example,
a KRAS codon 13 mutant is associated with more
[68]
aggressive CRC .
The prognostic value of CIMP status remains
controversial. There are few doubts about the rela
tively good prognosis of sporadic CIMP-H MSI CRC.
But for sporadic MSS CRC, some studies show no
effect of CIMP-H on survival prediction, while others
[70]
show either a negative or a positive impact . Ogino
[71]
et al
described CIMP-H as a specific marker of low
CRC mortality, and it appeared to counter the adverse
prognostic effect of BRAF mutation in serrated cancers.
Perhaps, the hypermethylation of certain genes
avoided the proliferative effect of BRAF mutations.
One clinical trial found it to be an independent pre
[72]
dictor of cancer survival . Despite this finding,
many researchers consider CIMP a predictor of short
[69,73]
survival, especially in proximal stage Ⅲ CRCs
.
These authors discussed some possible reasons for

WJG|www.wjgnet.com

these controversial findings, namely differences in
cohorts, the use of different panels of methylated
markers, the use of different criteria to define CIMP,
[71]
and confounding factors such as BRAF mutation . In
a recent meta-analysis of CIMP prognostic value, both
DFS and overall survival (OS) were shorter in patients
with CIMP CRC after adjusting for age, sex, disease
stage, and treatment; it was not possible to adjust for
BRAF or KRAS mutation or MMR status since not all
[70]
the studies assessed these possible confounders) . It
seems likely that when a CIMP serrated tumor shows
[71]
MSI, the MSI acts to confer a good prognosis .
Recent studies have revealed a link between
some methylated genes and patient prognosis. MLH1
and MGMT methylation have been suggested to be
predictors of good prognosis, in part due to the frequent
absence of BRAF mutations in these subgroups of
tumors. In contrast, hypermethylation of the p14
INK4a
ARF
(CDKN2A
), RASSF1A, and p16 (CDKN2A ) genes
have been suggested to predict poorer prognosis
independent of both stage and histological differentiation
[74-76]
grade
. Aberrant methylation of genes encoding
proteins involved in extracellular matrix remodeling also
confers a worse prognosis, as does hypomethylation
[77]
of LINE-1 in sporadic MSI CRC . Hypomethylation
of the IGF-2 gene and RAC1b overexpression are
proposed markers of poor prognosis in KRAS/BRAF
wild-type metastatic CRCs treated with FOLFOX as
[78]
first-line therapy . Finally, a mutated P1K3CA gene is
associated with a worse survival rate in CRC with wildtype BRAF. Alteration of P1K3CA is found in 10%-20%
of cases with CIMP-H. It is currently unknown whether
[79]
P1K3CA mutation defines a new subset of CRC .
Genetic variability can strongly influence patient
outcome, highlighting the need for a new or more
fine-tuned CRC classification system. Recently, two
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Table 1 Proposed

Phipps
Subtype 1
Subtype 2
Subtype 3
Subtype 4
Subtype 5
Sinicrope
Subtype 1
Subtype 2
Subtype 3
Subtype 4
Subtype 5

[80]

colorectal cancer classification

Table 2 Summary of the treatment implications of genetic
alterations in colorectal cancer

MMR

CIMP

BRAF

KRAS

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

+
+
-

+
+
-

+
-

MSI
MSS
MSS
MSS
MSI

+
+/+/+/-

+
+
-

+/+
+/-

Molecular
marker

Implications for CRC treatment

KRAS
mutation

Broadly studied in metastatic CRC
The most predictive biomarker for no response to antiEGFR, either alone or with CT
Worse OS when oxaliplatin is the first-line treatment
Irinotecan efficacy is controversial; it may have better
effects in stage Ⅱ and Ⅲ CRC
Overall, no predictive power for CT response
No predictive power for response to 5-FU plus irinotecan/
oxaliplatin or to 5-FU alone in stage Ⅱ disease
A trend toward better survival with 5-FU plus irinotecan in
stage Ⅲ disease
Effects of anti-EGFR therapy are controversial, although
most studies show a poor response
Some studies show no differences in OS/DFS with FOLFOXpanitumumab or with FOLFIRI-cetuximab treatment
Resistance to BRAF inhibitors
CT results are controversial
5-FU improves DFS and OS in some studies; in others,
survival is reduced
One study shows the benefits of 5-FU plus irinotecan in
CIMP tumors after stratification by MMR status. CIMP was
more strongly associated than MMR status with a better
response to irinotecan
The use of 5-FU in CIMP tumors is not currently
recommended
To date, no clinical trials have evaluated the response of
CIMP tumors to anti-EGFR therapy
Prognosis is intrinsically better for MSI CRC, but MSS
tumors show a better response to CT
5-FU improves both DFS and OS in stage Ⅱ and Ⅲ MSS
CRC but not in MSI CRC
CT should only be given for stage Ⅱ MMS tumors if a high
risk factor such as T4 local extension is present
MSI CRC shows a good response to irinotecan if BAX
expression has been lost

BRAF
mutation

Based on the classification system proposed by Jass[80], Phipps et al[8] and
Sinicrope et al[9] proposed new colorectal cancer (CRC) divisions to better
stratify disease based on prognosis. (+): Mutated; (-): Wild-type.

publications established 5 subtypes of CRC and
described differences in survival according to the
subtypes’ phenotypic characteristics. First, based
[80]
on the classification system of Jass , Phipps et
[8]
al divided CRCs into MSI-H and MSS/MSI-L CRC.
Later, this group further divided cases according to
CIMP status and then by BRAF and KRAS mutation
status. The final system describes 5 well-defined
CRC subtypes (Table 1). Among the subtypes, the
highest survival was found for subtype 5, which
is characterized by non-CIMP MSI CRC with wildtype BRAF and KRAS; this is also known as familial
MSI CRC or Lynch syndrome. Conversely, the worst
prognosis was found for subtype 2, which is CIMPpositive MSS/MSI-L CRC with BRAF mutations and
wild-type KRAS. Subtype 2 has the lowest probability
of being diagnosed as stage Ⅰ disease and shows the
worst 5-year DFS. Interestingly, subtypes 1 and 2 are
very similar, with the MSI status of subtype 1 being
the only difference between them.
[9]
Sinicrope et al proposed a similar classification
system based on patients with stage Ⅲ CRC. This
group also divided CRC into 5 subgroups, each of
which was compared to subtype 4 (MSS CRC with
wild-type BRAF and KRAS, representing the classic
CIN pathway). The subtypes with MSI have the best
prognosis, followed by subtype 5 (which is identical
to the Phipps subtype 5) and subtype 1. Regardless
of BRAF mutation status, MSI confers relatively
good DFS in subtype 1 CRC. In contrast, subtypes 2
and 3 do not differ in terms of prognosis, but their
prognosis differs from that of subtype 4. As in Phipps’
classification, subtype 2 (CIMP-H MSS CRC with wildtype KRAS and mutant BRAF) shows the worst survival
rate. KRAS mutation alone, with no other apparent
genetic alterations, is the major alteration in subtype 3,
representing an alternative subset of CRC that arises
via the serrated pathway. Its prognosis is 1.5-times
worse than that of subtype 4 (Table 1).
These findings illustrate the importance of classi
fication based on genetic profiling and could improve
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CIMP

MMR

CT: Chemotherapy; DFS: Disease-free survival; anti-EGFR: Epidermal
growth factor receptor antibodies; OS: Overall survival; CRC: Colorectal
cancer; MMR: Mismatch repair.

our understanding of patient prognosis and disease
management.

RESPONSE TO CHEMOTHERAPY
The current trend is towards offering treatment
that is individualized according to CRC subtype. The
most recent advances in CRC are leading to novel
approaches and classification schemes, and it is
attractive to think that a particular therapy can be used
to target a particular type of CRC, including serrated
tumors. Unfortunately, CT is not yet fully guided by
the combination of genetic alterations in a CRC, and
even the most recent studies have not assessed
specific therapeutic management strategies for each
subtype. Additional clinical trials are needed to address
this. As of now, decisions must be based on studies
that evaluated the responses according to individual
markers (Table 2).
KRAS mutations have mainly been studied in
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metastatic CRCs. In the QUASAR study, KRAS was
not a negative predictive factor for the response to
standard CT based on 5-Fluoruracil (5-FU) and folinic[81]
acid . However, the major characteristic of mutant
KRAS remains its resistance to anti-EGFR monoclonal
antibodies: it is the most important predictive marker
in terms of the response to panitumumab and cetu
ximab, either alone or in combination with CT. This
[82]
finding, which was confirmed in a meta-analysis , is
valid for CRC with any inactivating KRAS mutation. It
is also possible that the presence of KRAS mutations
plus other alterations in NRAS, exons 3 and 4, PIK3CA,
PTEN, and BRAF may influence CT resistance. In fact,
[83]
Tian et al
found that a significant response to antiEGFR was possible when KRAS, BRAF, and PIK3CA
were all wild-type, but not when any one of them was
mutated. It is currently standard practice to investigate
KRAS status in order to predict the response to antiEGFR in metastatic CRC.
BRAF mutation has also been widely studied, but
its role as a predictive marker remains unclear. BRAF
has repeatedly been described as a non-predictive
biomarker in CRC treated using standard CT. When
V600E
CRCs with
BRAF were treated with 5-FU plus
irinotecan or oxaliplatin, BRAF did not correlate with
[84]
either a positive or negative response . Nonetheless,
there was a slightly non-significant trend toward better
survival in stage Ⅲ CRC when irinotecan was added
[85]
to a 5-FU/leucovorin regimen . Notably, regarding
the response to other drugs, both a null predictive
value and a poor response to anti-EGFR have been
[65]
reported for CRC with mutant BRAF . BRAF did not
show predictive power in the OPUS or CRYSTAL trials,
[86,87]
which used FOLFIRI ± cetuximab
. The PRIME study
reported similar results with FOLFOX4 ± panitumumab
[88]
treatment . Regarding the poor response, Di
[89]
Nicolantonio et al
found that KRAS-/BRAF+ CRC
showed a 0% response rate to anti-EGFR in second or
subsequent lines of treatment; in contrast, the response
[90]
rate was 32% in KRAS /BRAF CRC. Loupakis et al
reported a similar response rate with irinotecan plus
cetuximab. A meta-analysis that included these last two
studies as well as other studies comparing metastatic
CRC with mutated vs wild-type BRAF concluded
that the response to anti-EGFR could be considered
[91]
poor in tumors with mutant BRAF . However, other
studies did not find differences in the responses of
CRCs with BRAF mutation vs wild-type BRAF after
treatment with cetuximab, capecitabine, oxaliplatin, and
[92,93]
bevacizumab
. Thus, to summarize, the use of BRAF
mutation status as a predictive marker of the response
to EGFR-targeted treatment remains controversial.
BRAF inhibitors such as vemurafenib and dabra
fenib show good efficacy in melanoma. Silencing
V600E
of
BRAF correlates with an increase in epithelial
[94,95]
differentiation, in CDX-2 and claudin-1 expression
,
and in cellular adhesion. However, experiments in cell
lines demonstrate that CRCs are intrinsically resistant
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to BRAF inhibition. This resistance may be dependent
or independent of the ERK MAPK signaling pathway.
Activating PIK3CA and AKT1 mutations and the loss
of PTEN function have been proposed as possible
[82,96,97]
mechanisms that underlie this resistance
.
CRAF may also be involved. Recently, better growth
inhibition was observed when BRAF inhibitors were
used in combination with anti-EGFR monoclonal
antibodies. Treatment with an anti-EGFR agent (like
cetuximab) or a tyrosine-kinase inhibitor (such as
erlotinib or gefitinib) plus a BRAF inhibitor results in
[98,99]
sustained MAPK pathway suppression
. Different
combinations of vemurafenib, erlotinib, capecitabine
and/or bevacizumab, and cetuximab and/or irinotecan
have shown better responses than vemurafenib
[100]
alone
. Moreover, using vemurafenib plus anti[101]
EGFR could improve clinical efficacy . In fact, a pilot
trial with 15 patients is ongoing, and the results look
[102]
promising
. Simultaneous inhibition of the BRAF
and PIK3 cascades shows a trend towards tumor
regression in both mouse and human cell cultures.
Ongoing studies are assessing triple combination
therapy (i.e., inhibition of BRAF, EGFR, and PIK3CA).
A different question regarding serrated CRCs
concerns the response of CIMP tumors to the different
CT options. To date, several studies have reported
conflicting results. The hypothesis that CIMP cancers
inhibit gamma-glutamyl hydrolase, thus enhancing
intracellular folate levels and modulating a better
response to 5-FU, suggested that these CRCs would
[103-107]
benefit from adjuvant CT regimens
. Juo et
[70]
al
published the first meta-analysis to address this
matter. The meta-analysis identified 7 studies that
evaluated the response of serrated CRC to CT as
adjuvant therapy after surgical resection. Some of the
studies described the benefits of 5-FU in both stage Ⅱ
[108]
and Ⅲ CRC. Van Rijnsoever et al
found higher DFS
in patients treated with 5-FU compared with patients
that received surgical resection alone, as did Donada
[109]
et al
who looked at stage Ⅱ CRC. However, Jover
[110]
et al
described a significant response to 5-FU in
terms of DFS in stage Ⅱ and Ⅲ non-CIMP CRCs
but not in CIMP CRCs. Two studies found that CIMP
status had non-significant predictive value in terms
[111]
of 5-FU treatment. Kim et al
compared a FOLFIRI
regimen in non-CIMP vs CIMP metastatic CRC, while
[112]
Han et al
investigated patients with stage Ⅱ and
Ⅲ disease treated with a FOLFOX combination. A total
of 4 studies reported that CT was beneficial in these
patients, whereas 2 found non-significant results and 1
concluded the opposite. In a study that was not part of
[113]
the meta-analysis, Wang et al
also found worse DFS
rates when 5-FU was given to CIMP-positive tumors,
in agreement with the findings of Jover’s study.
[114]
Shiovitz et al
also analyzed OS with irinotecan
therapy. They compared 5-FU plus leucovorin with
and without irinotecan in stage Ⅲ CRCs and found a
non-significant trend towards better survival with the
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triple combination. In addition, patients with CIMP
tumors seemed to benefit more after the tumors were
stratified according to MSI status. It could be due to
the better prognosis associated to unstable tumors,
but further explanations regarding this are needed.
Moreover, in this study, CIMP status was more strongly
associated with the response to irinotecan than was
MMR status.
These conflicting results may be due in part to
differences in definitions, gene panels, CIMP marker
thresholds, and laboratory techniques used to assess
CIMP status. Currently, the National Comprehensive
Cancer Network (NCCN) treatment guidelines for colon
cancer (version 3) do not recommend the use of CT for
[115]
stage Ⅱ (T2N0M0) CIMP cancers . Because of these
controversial results, the predictive value of CIMP
status regarding treatment with 5-FU remains unclear,
and more randomized clinical trials are needed.
Finally, the role of MMR status in predicting the
[116,117]
response to CT has been studied extensively
.
Several studies have established that MSI tumors have
an intrinsically better prognosis than MSS tumors.
[118]
Jover et al
analyzed OS and DFS in a cohort of 505
patients with stage Ⅱ or Ⅲ CRC according to their
MMR status after receiving 5-FU. MSS CRCs showed
improved DFS and OS, but no improvement was seen
[102,119]
in MSI CRCs
. These differences remained after
multivariate analysis controlled for the TNM stage,
[119]
age, and sex. A prospective study by Sargent et al
had similar findings and suggested that cancers with
MSI do not benefit from 5-FU adjuvant CT. However,
the decision to treat stage Ⅱ MSS or MSI-L cancers
should be based on high risk factors such as T4 tumor
status, perforation, and obstruction, among others.
The response to irinotecan was also assessed in MSI
CRC. There was a better response when the tumor had
lost BAX expression, and the author proposed that this
[120]
was by far the best criterion for predicting efficacy .
Current management may include the addition of
irinotecan or oxaliplatin, but more studies are needed
to evaluate different combinations of CT for MSI CRC.

CRCs following the serrated pathway are divided into
more genotypes in the near future. The complete
understanding of molecular pathways is the first
necessary step.
Many efforts are necessary to get many consen
suses, like about the definition and method of
assessing CIMP phenotype and the possibility of
treating CRCs with mutant BRAF when no lymph
nodes are found. Randomized clinical trials evaluating
response to different CTs, drugs as EGFR-ab and
other biologic treatments should take place to clarify
their paper on serrated cancers. After that, assessing
response to each subtype, it shall be possible to
establish a more individualized prognosis and therapy
to each patient.
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Genetic variation of occult hepatitis B virus infection
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Occult hepatitis B virus infection (OBI), characterized
as the persistence of hepatitis B virus (HBV) surface
antigen (HBsAg) seronegativity and low viral load
in blood or liver, is a special form of HBV infection.
OBI may be related mainly to mutations in the HBV
genome, although the underlying mechanism of it
remains to be clarified. Mutations especially within the
immunodominant “α” determinant of S protein are “hot
spots” that could contribute to the occurrence of OBI
via affecting antigenicity and immunogenicity of HBsAg
or replication and secretion of virion. Clinical reports
account for a large proportion of previous studies on
OBI, while functional analyses, especially those based
on full-length HBV genome, are rare.
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Core tip: With error-prone reverse transcription during
replication, hepatitis B virus (HBV) displays a high
rate of mutation, and a single mutation may affect
the biological properties of HBV. Occult HBV infection
(OBI) is a special form of HBV infection and a frequent
phenomenon. Many previous publications have explored
the association of OBI with the “hot spots” mutations
that occur within the immunodominant “α” determinant
of S proteins. However, there are no reviews available
that elaborate on the relationship between OBI and
mutations throughout the entire HBV genome. This
review attempts to provide a comprehensive summary
of HBV genetic variants that have been associated with
OBI.
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[10,17,18]

to countries highly endemic for HBV
. The pre
valence of OBI in blood donors from China, South
Korea, and Japan was reported to be 0.11%-0.13%,
[19-22]
0.016%, and 1.01%, respectively
. The incidence
of OBI in anti-HBc positive donors was reported to
[23,24]
be from 0% to 15%
, and the detection rate of
OBI in HIV infection was reported to be from 0% to
[25,26]
89%
. In the context of chronic HCV infection,
[27,28]
the percentage of OBI ranged from 0% to 52%
.
Previous studies conducted in hemodialysis patients
[29,30]
indicated a prevalence of OBI from 0% to 36%
.
OBI was detected in 32% of patients with cryptogenic
LC in Hong Kong, an area with a high prevalence of
[31]
HBV infection . The prevalence of OBI was reported
to be 70.4% among HBsAg-negative HCC patients in
[32]
China .
The identification of OBI largely depends on the
tests for HBsAg and HBV DNA. There are several
commercially available HBsAg assays, which mainly
depend on the use of anti-HBs antibodies, with
different sensitivities and specificities. Some diagnostic
HBsAg assays are based on monoclonal antibodies
and recognize limited types of HBsAg variants. In
comparison, assays that utilize polyclonal antibodies
show higher sensitivity and specificity for the detection
[33,34]
. Because
of various types of HBsAg mutants
the level of viremia is low in OBI, a small amount of
HBsAg below the detection limit of tests may not be
reliably recognized. Although highly sensitive realtime quantitative polymerase chain reaction (PCR) is
strongly recommended for HBV nucleic acid testing
(NAT) for its capability to uncover low level of HBV
DNA in serum, this method harbors a risk of false[35,36]
positive results
. Anti-HBc screening can reduce
the risk of HBV transmission but may possibly provide
false-positive results as well. It is worth noting that
the nature of the specimen tested (i.e., blood sample
or liver tissue), the amount of specimen, as well as
contamination risks can also affect the detection of
OBI.
Many studies have been conducted on OBI pre
valence. However, cautions must be taken when results
from different studies are compared, since differences in
groups of people studied, areas selected, and diagnostic
assays can significantly affect the results.

com/1007-9327/full/v22/i13/3531.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i13.3531

INTRODUCTION
hepatitis B virus (HBV) is classified as a DNA virus,
and it replicates via reverse transcription, which is an
error-prone process, to generate an RNA intermediate.
Thus, the mutation rate of HBV is in between those
[1]
of RNA viruses and conventional DNA viruses . The
nucleotide mutation rate of HBV is estimated to be
-5
-6
10 -10 per site per year, about 10 fold higher than
that of other DNA viruses, and this rate might increase
[2,3]
100 fold after liver transplantation . Mutations are
commonly encountered, especially in the basal core
promoter (BCP), the pre-core region (Pre-C), the
polymerase (P) gene, and the “α” determinant of S
protein, and single or multiple mutations may affect
[4]
the biological properties of HBV . Occult HBV infection
(OBI), a special form of HBV infection and a frequent
phenomenon, was first reported in 1978 and has been
[5]
studied further since then . In 2008, the Taormina
expert meeting defined OBI as the presence of HBV
DNA in the liver of individuals negative for HBV surface
antigen (HBsAg) testing with the amount of HBV
DNA in the serum usually lower than 200 IU/mL or
[6]
undetectable . OBI is characterized by the persistence
of low level viremia and HBsAg seronegativity and can
be grouped into two types: seropositive [anti-hepatitis
B core antigen (HBc) and/or anti-hepatitis B surface
antigen (HBs) positive] and seronegative (anti-HBc and
[7]
anti-HBs negative) . OBI harbors the potential risk
of HBV transmission through blood transfusion, organ
transplantation, and hemodialysis as well as from occult
[8,9]
infected or HBsAg-positive mothers to newborns .
Although the clinical and biochemical symptoms of most
OBIs are not severe, there is still a risk of developing
serious liver diseases, such as liver cirrhosis (LC) and
[10]
hepatocellular carcinoma (HCC) . In fact, a metaanalysis and other findings have revealed that OBI
retains the pro-oncogenic properties of HBV and serves
[11-13]
as a risk factor for the development of HCC
.
Suppression of viral replication is reversible in the case
of OBI, and reactivation of OBI and/or development of
fulminant hepatitis failure (FHF) has been reported in
patients following chemotherapy or immunosuppressive
therapy and after transplantation as well as in patients
co-infected with human immunodeficiency virus (HIV)
[14-16]
or hepatitis C virus (HCV)
.

MECHANISM OF OBI
The mechanism of OBI is complicated and remains to
be clarified. Both host and viral factors contribute to
the occurrence of OBI. For example, the persistence
of covalently closed circular DNA (cccDNA) in hepa
tocytes, suppression and detection failure of virion
[37,38]
replication, and protein secretion are involved
. In
addition, methylation of the HBV genome, microRNAs
(miRNAs), and histone modification have been
reported to affect the regulation of HBV replication and
expression through epigenetic mechanisms, increasing

PREVALENCE OF OBI
OBI is a health problem worldwide, and its prevalence
is affected by several factors, such as the prevalence of
HBV infection, the study population, and the sensitivity
[17,18]
of diagnostic assays
. OBI is significantly associated
with the endemicity of HBV infection but not restricted
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the possibility that epigenetic regulation may also be
[39]
associated with OBI .

HBV was inhibited rather than cleared in the setting
[51]
of immunosuppression. Colson et al
investigated
16 anti-HBc positive patients who developed HBV
reactivation following chemotherapy and detected an
increased variability within HBsAg and HBV reverse
transcriptase (RT) in these patients. OBI has also
been reported in vaccinated children from Taiwan and
[52,53]
Iran
. It is speculated that the patients’ immune
response to HBV infection may be related to OBI by
greatly controlling HBV activity, putting pressure on
secretion of HBsAg and other HBV-secreted proteins,
as well as promoting the screening of mutants.
In addition to altered host immunologic responses,
host genetic factors are also linked to OBI. Related
studies have focused on human leukocyte antigen
(HLA), which plays an important role in the modulation
of immune responses, and HLA polymorphisms
are considered as vital factors in determining HBV
[54]
infections outcome (persistence or clearance) .
Previous studies showed that HLA-A2 expression was
correlated with protection against HBV infection, while
significantly decreased intensity of HLA-A2 expression
on peripheral blood mononuclear cells (PBMCs) was
detected in some OBI patients compared to healthy
[55]
controls, perhaps contributing to HBV resistance .
Serum level of interleukin (IL)-10 was markedly higher
in some OBI patients than that in healthy controls,
and polymorphisms of the IL-10 promoter were found
with significant differences between OBIs and healthy
controls, implying a relationship between IL-10 and
[56,57]
OBI
.
Host epigenetic modification may be related to OBI.
miRNAs of host cells could regulate expression of some
host genes and exert effects on HBV replication and
[58]
expression . A profile of HBV-specific serum miRNAs
has been reported with a high accuracy to separate
OBI cases from healthy controls (sensitivity: 99.9%,
specificity: 99.8%), raising the possibility that they
[59]
may serve as effective biomarkers in OBI detection .
Epigenetic modifications of cccDNA-bound histones
may regulate HBV replication and transcription, with
acetylation and methylation being the most common
kinds of histone modification. Previous studies
showed that HBV replication could be regulated by
the acetylation status of cccDNA-bound H3 and H4
histones in chronic hepatitis B (CHB) patients, and
this regulation has been confirmed by transfection
[60]
experiments .

Viral factors

Genetic mutations may contribute to OBI. Mutations
have an impact on the expression, secretion, and
antigenicity of HBsAg and cause failure in detecting
HBsAg by commercial diagnostic tests. HBV is prone
to mutations and exists as quasispecies to facilitate
viral survival. Point mutations and insertion as well
as deletion mutations are commonly encountered
in OBI, and although mutations in all open reading
frames (ORFs) of HBV could directly or indirectly affect
detection of HBsAg, most studies have focused on
mutations in the Pre-S/S gene. Besides, OBI mutations
are associated with the suppression of viral replication
typical of OBI, which in turn affects HBsAg expression
[40]
and secretion . Circulating immune complexes con
sisting of HBsAg and anti-HBs may be associated
with Pre-S/S gene mutations and impair the binding
efficiency of HBsAg capture antibodies to HBsAg in
[41,42]
serum, leading to immune escape
.
Low levels of HBV replication may be correlated
with OBI. Compared to HBsAg-positive infection, OBI
always has lower (< 200 IU/ml) or even undetectable
[18]
HBV DNA in serum . Although HBV DNA from the
liver is more reliable than circulating HBV DNA for
recognition of OBI, the levels of intra-hepatic HBV DNA
and cccDNA in OBI were also found to be lower than
[38,43]
those in HBsAg-positive infection
. Thus, the low
level of HBV replication may be related to OBI.
HBV genome methylation is related to the deve
lopment of OBI. Hypermethylation of HBV has been
observed in isolates from OBI patients, and HBV CpG
islands 1 and 2 were more frequently methylated in
[44,45]
HBsAg positive infections and OBIs, respectively
.

Host factors

The alternation of host immunologic responses is
associated with OBI. In patients with spontaneous and
therapy-induced HBsAg clearance, residual HBV may
present in the serum, liver, and lymphatic system for
[46,47]
a long time
. Similarly, using a woodchuck model,
[48]
the closet natural model of HBV infection, Michalak
[49]
and Mulrooney-Cousins et al described the low-level
but life-long persistence of woodchuck hepatitis B virus
(WHV) DNA and cccDNA in both the liver and lymphatic
system in animals recovered from acute WHV invasion.
Based on these data, they suggested that the hardto-eliminate cccDNA made the complete clearance
of WBV difficult to accomplish and might contribute
to WBV reactivation and further speculated that HBV
cccDNA may act similarly to WBV cccDNA. Therefore,
latency of HBV in liver and in extra-hepatic tissues and
cells provide a favorable condition for the occurrence
[50]
of OBI . Reactivation of overt HBV infection and OBI
has been frequently described in HBV infected patients
with suppressed immune systems, suggesting that

WJG|www.wjgnet.com

Other factors

Other factors may be connected with OBI, such as
interference by other viruses. Concomitant presence
of chronic HCV infection exerts a negative effect on
HBV. HBV DNA levels are increased during interferonribavirin therapy of HCV but decreased after a viral
[61,62]
breakthrough of HCV
. Moreover, in vitro studies
have demonstrated the inhibitory effect exerted by
[63]
HCV core protein on HBV replication and expression .
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frequently isolated from OBI patients after immune
[72]
prophylaxis ; and (6) Apart from point substitutions,
there were other types of mutations or combined
mutations. However, further in vivo and in vitro studies
are required to explore the effects of point mutations
on the occurrence of OBI.
In order to elucidate the role of mutations in
the occurrence of OBI, plasmids of Pre-S/S variants
isolated from the sera and liver tissues of OBI patients
were constructed by site-directed mutagenesis and
transfected into cell lines or introduced into animal
models. The antigenicity, immunogenicity, and
secretion of HBsAg as well as the replication and
secretion of virions were then analyzed. This strategy
has been extensively applied to point mutations in the
Pre-S/S gene (Table 1 and Figure 2). Similarly, these
functional analyses also can be applied to research on
[73]
other HBV-related mutations . To date, most in vivo
and in vitro studies have been limited to the Pre-S/S
gene, and only a few functional studies have been
performed with full-length, replication-competent HBV
genomes. It is difficult to know whether some point
mutations interfere with the replication of the virion
and secretion of antigens or if they play a role in the
[40,74]
occurrence of OBI
.
Many studies have documented that substitutions of
wild-type cysteines and G145R in the “α” determinant
cause conformational and phenotypic changes in HBsAg
[33,66,71,78]
[80]
(Table 1 and Figure 2)
. El Chaar et al restored
the cysteines at positions 124 and 137 in recombinant
surface protein (rS protein) from OBIs and expressed
them in yeast and showed that antigenic reactivity of
HBsAg was improved. However, restoration of cysteine
at position 147 and G145R did not improve the impaired
reactivity of HBsAg. Y100C was commonly found in
OBIs, but transfection with Y100C plasmid resulted in
higher extracellular HBsAg levels than the wild-type
plasmid, implying that the mutation alone could not
explain the decrease of HBsAg secretion and/or affinity
[76]
to antibodies . In vitro studies have found that some
point mutations could strongly influence the secretion of
HBsAg and that these mutations may interfere with the
secretion of HBsAg in some cases, leading to the failure
[86]
of HBsAg detection . Some point mutations were
found to affect HBV replication in hepatoma cell lines
and/or in mice and the vesicular transport of infectious
[66]
virions of HBV (i.e., Dane particles) from the cell .
Glycosylation, the most common kind being
N-linked glycosylation, is required for crucial biological
functions of many enveloped viruses, since it can
impart various advantages to virus survival and
[88]
virulence . Point mutations can affect biogenesis,
stability, and antigenicity of HBV through modification
[89,90]
of the envelope protein glycosylation pattern
. The
envelope protein of HBV possesses an N-glycosylation
site at N146 of the “α” determinant, and the removal
of this site decreased the production of virion without
affecting the synthesis and stability of HBsAg (Table 1
[78-80]
and Figure 2)
. Several positions in the envelope

PRE-S/S MUTATIONS
Pre-S/S point mutation

Pre-S/S gene encodes three envelope proteins named
large (L), middle (M), and small (S) protein, and
[64]
S protein corresponds to HBsAg . Pre-S/S has a
relatively high mutation rate among all ORFs, and
mutations of the Pre-S/S gene have been studied
extensively. Point mutations that occur in the Pre-S/S
gene may affect HBsAg in two different aspects, (1)
mutations may affect antigenicity, immunogenicity,
secretion, and/or expression of HBsAg, leading to
[33,65]
detection failure of HBsAg
; (2) mutations may
reduce or even abolish the replication and/or secretion
[66,67]
of virion, exerting a negative effect on HBsAg
.
Amino acid (aa) substitutions of HBsAg are mostly
frequently clustered in the “α” determinant, which
is located at aa124-147 of the S protein. The “α”
determinant is rich in cysteine, and two loops are
formed by disulfide bonds between C124 and C137
as well as C139 and C147 to maintain the con
formational structure and antigenicity of HBsAg.
The “α” determinant is a relatively conserved region
within the major hydrophilic region (MHR) between
aa100 to aa169, which serves as the most important
antigenic determinant in all HBV strains and is
essential to the detection of HBsAg and development
[64,68]
of HBV vaccines
. Amino acids within the region
between 120 to 123 were shown to be crucial for the
[69]
antigenicity of HBsAg . Therefore, single or multiple
point mutations occurring within or adjacent to the
“α” determinant may change the antigenicity and
conformation of HBsAg, resulting in failure to detect
HBsAg. Various point mutations of HBsAg have been
observed in OBIs (Figure 1).
Amino acid mutations were detected mostly in
the MHR in OBIs, and many previous reports have
documented that the mutation rate in the MHR,
especially in the “α” determinant, was higher in OBIs
[66,70]
compared to that of HBsAg-positive patients
. A
number of Pre-S/S mutations were observed in both
OBIs and HBsAg-positive patients (Figure 1), while it
has been speculated that they may not be associated
with OBI. Clinically observed Pre-S/S mutations in
OBIs summarized in Figure 1 indicate that: (1) Some
mutations occurred in both OBIs and HBsAg-positive
patients, while some mutations were only detected
in OBIs; (2) Some mutations were found outside the
“α” determinant and were located at the N-terminus
or C-terminus of MHR or outside MHR; (3) Some
mutations corresponded to amino acid substitutions
in the P region; (4) Some amino acid substitutions
were specific for genotypes, subgenotypes, or
subtypes, while the clinical significance of them in
OBIs remains to be determined; (5) Point mutations in
the first loop of the “α” epitope (AA124-137) occurred
more frequently in OBI isolates from unvaccinated
[71]
patients , while point mutations in the second
loop of the “α” epitope (AA138-147) were more
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Figure 1 Comparison of the amino acid sequences of the 226AA hepatitis B virus, hepatitis B virus surface antigen between occult hepatitis B virus
infections, and controls. Amino acid substitutions are indicated with one-letter codes. Mutations identified in occult hepatitis B virus infections group and control
group are in red and black, respectively. Mutations detected in both groups are in blue. Black dots denote amino acid identity with any of the reference strains of
genotype A to H retrieved from GenBank (accession numbers: A, X02763; Ba, D00330; Bc, GQ205440; Bj, AB073858; C1, KM999990; C2, KM999991; D, X02496; E,
X75657; F, X69798; G, AF160501; H, AY090454). Genotype-specific substitutions are listed. CON indicates control.
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Table 1 Summary of hepatitis B virus surface antigen variants involved in functional studies
Variants

Source

Model

Antigenicity

W741
M75T
Y100C
Y100S
I110M
T114R
T115A
T116N
G119E
G119R
P120T
P120T
C121S
C1211
C121A
K122I
K122I
K122I
R122P
T123N
T123N
C1241
C124A
C124R
C124Y
T125A
I126S
P127S
Q129H
Q129R
G130R
T131I
M133T4
S136P
C1371
C138Y
C139R
C139R
T140I
K141E
K141E
K141E
P142S
P142S
P142A
D144V
D144A
D144G
D144E
G145R
G145R
G145R
G145R
G145R
G145R
G145A
G145A
G145A
G145W
G145I
G145P
G145N
G145D
G145E
N146S
C147A

CHB

Huh7
Huh7
Huh7
Huh7
Huh7
Huh7
Huh7
Huh7
Huh7
Huh7/mice
Huh7/mice
Huh7
HepG2/Hela
Pichia
Huh7
HepG2/Hela
Huh7
Huh7/Hela
Huh7
HepG2/Hela
Huh7/Hela
Pichia
Huh7
Huh7/mice
Huh7/mice
Huh7
Huh7/mice
Huh7
Huh7
Huh7/mice
Huh7
Yeast
Huh7
Huh7/mice
Pichia
Huh7
HepG2
Huh7/mice
Huh7/mice
Huh7/mice
Huh7
Yeast
Yeast
Huh7
Huh7
Huh7
Huh7/mice
Huh7
HepG2
Yeast
HepG2/Hela
Huh7
Huh7
Huh7
Huh7/mice
Huh7/mice
Huh7/HepG2
Yeast
Huh7
Huh7
Huh7
Huh7
Huh7
Huh7
Huh7
Huh7

L

OBI
OBI

OBI
OBI
OBI

OBI

OBI

OBI
OBI
OBI
CHB
OBI

OBI

OBI
OBI
CHB
OBI
OBI
OBI

KT
KT
OBI
LC

LT

OBI
OBI
OBI
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Immuno
-genicity

HBsAg Intra-

HBsAg
Extra-

Viral replication
/secretion

L
↑

L
↓

↓2

↑
L

L3
↓3
↓3

↓
↓
↓

↑

↓
↓

↓
↓ or L

↓

↓
↓

↓
↓
↓

↓
↓
↓
↓

↓

↓

↓
↓
↓ or L
↓
↓
↓ or L
↓ or L

↓
↓

↓
↓
↓
↓

↓3
↓3

↓ or L3

↓3
↓ or L3
↓3
↓3

↑

↓
↓

↑

↓

↑

↓

↓3

↓

L3

↓
↓
↓

↓3
↓3
↓3
↓3

↓3
↓3
↓3
↓3
L3

↓

↓ or L
↓
↓
↑
↑

↓
↓
↓

↓
↓
↓
↓

↑

↓
↓

↓
↓
↓

↓

↓

↑

↓
↓
↓

↑

↓

↓

↓

↓
↓
↓
↓
↓
↓
↓
↓

↓
↓

↓
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↓3
L3

↓3

↓3

↓

L3
↓ or L3

References
[65]
[75]
[76]
[77]
[78]
[79]
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C147R
C149A
C149R
A159G
K160N
R169P/G
Y100S + S143L
M103I + G145A
M103I + R122K
+ G145A
T115I + T116N
T116N + S143L
R122P + Q101R
R122P + S167L
R122K + G145A
P142A + D144V
A159G + K160N

OBI
OBI
OBI
CHB
OBI
OBI
OBI
OBI
KT

Huh7
Huh7
Huh7
Huh7/Hela
Huh7/Hela
Huh7
Huh7
Huh7/HepG2
Huh7/HepG2

↓
↓
↓

L
↓
↓

HepG2
Huh7
Huh7
Huh7
Huh7/HepG2
Huh7
Huh7/Hela

↓ or L
↓
↓
↓
↓
↓
↓

↓
↓

↓
↑5
↓
↓
↓

↓3
↓ or L3
L3
↓3
↓3
L3

↓
↓

↓

↓

↑5

↓3

[79]
[79]
[79]
[82]
[82]
[78]
[77]
[86]
[86]
[87]
[77]
[77]
[77]
[86]
[85]
[82]

1

Stop codon mutation; 2Viral replication; 3Viral secretion; 4Correct that I110M, G119E, G145R, N146Q/S, R169H mutations lead to the decrease of viral
secretion; 5Cell-mediated immunity. ↑: Increase; ↓: Decrease. Intra-HBsAg: Intracellular HBsAg; Extra-HBsAg: Extracellular HBsAg; L: Dramatic decrease;
CHB: Chronic hepatitis B; OBI: Occult HBV infection; LC: Liver cirrhosis; KT: Kidney transplant; LT: Liver transplant; HBsAg: Hepatitis B virus surface
antigen.
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Figure 2 Secondary structure of the major hydrophilic region of the hepatitis B virus, hepatitis B virus surface antigen. Mutations have been confirmed
by functional studies to exert negative effects on antigenicity of hepatitis B virus surface antigen (HBsAg) are shown in green and red circles. Red circles with the Δ
symbol denote multiple kinds of amino acid substitutions. These have been substantiated to negatively correlate with HBsAg antigenicity at some sites. The # symbol
indicates multiple genotype-specific substitutions. The numbers denote amino acid sites.

proteins can substitute for position 146 as the potential
[78]
glycosylation site . Previous studies reported that
T123N and K160N were each capable of creating new
glycosylation sites and causing a decrease of HBsAg
antigenicity. These two point substitutions were found
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to mainly affect virion assembly and secretion without
interfering with virion replication. K122I and A159G
appeared to affect biological properties of HBsAg and
facilitated glycosylation of HBV. A159G was shown to
impair greatly the assembly and secretion of virion,

3537

April 7, 2016|Volume 22|Issue 13|

Zhu HL et al . HBV variation of occult infection
Pre-S deletions:
nt2983-3167 (Pre-S1, AA47-107)
nt3019-3201 (Pre-S1, AA58-118)
nt3025-3208 (Pre-S1, AA58-119)
nt3086-15 (Pre-S1/S2, AA78-aa9)
nt3134-54 (Pre-S1/S2, AA95-23)

S22
PPrreeS
P

11
eS
PPr

P

S

S

Pre-C/X deletions:
nt1753-1772
nt1754-1771
nt1763-1770
nt1770-1777

RR
MHH
M

T
RRT

5'

_

Drug resistance in RT:
rtA181T (sW172*)
rtV207I (sW199*)

+ Partially dsDNA

5'

XX

CC

PPrre
C
C

Figure 3 Mutations in X, P, and C genes of hepatitis B virus have been substantiated in association with the occurrence of occult hepatitis B virus
infections by in vivo and in vitro studies. Plus and minus strands are denoted by + and -, respectively.

but K160N and A159G/K160N slightly reduced the
virion production. Thus K160N could partially rescue
the negative effect exerted by A159G on secretion of
[82]
virion . M133T mutation could create an additional
131
133
glycosylation site NST and partially rescued the
impaired secretion of virion induced by some point
mutations, such as I110M, G119E, G145R, N146Q/S,
and R169H. Preventing glycosylation could destroy the
[78,79,82]
effect of the M133T mutation
. M133T alone was
not able to generate a glycosylation site, unless there
was an N at AA131 (as in the reference sequences of
HBV genotype A) The T131N/M133T double mutations
were frequently observed in OBIs infected with non-A
genotypes and changing T131N could also abrogate
[78,79]
the secretion-rescue effect exerted by M133T
.
Among OBI related mutations, some point mu
tations cause HBsAg secretion deficiency by affecting
the start codons of Pre-S/S gene or causing amino
[91]
acid substitutions . A purine at the -3 position (i.e.,
3-nt upstream from the translational start site) of the
AUG initiator codon is essential for protein expression,
and substitution with a pyrimidine at this site makes
translation more sensitive to changes at positions -1,
-2, and +4 (i.e., 4-nt downstream from the translational
[92]
start site) . Point mutations around the initiator
codons of HBV S gene (i.e., nt155-157), such as
A152T and A152G/G158C double mutations, reduced
HBsAg secretion by 70% and 30%, respectively, but
maintained efficient virion secretion, while A152T
combined with C154A or G158A completely abolished
[91]
HBsAg secretion . Some point mutations have an
[93]
effect on RNA splicing. Hass et al found that ntG458A
inactivated 5’ splice site of the Pre-S2/S mRNA and
reduced the level of Pre-S2/S mRNA as well as HBsAg
expression and caused a low-replication phenotype.
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Among some genotype D OBIs, ntG173T was able to
activate in cis a previously inactive splice acceptor site
at neighboring nt202 and promoted RNA splicing from
nt2986 to 202. The novel splicing could abolish the L,
M, and S proteins without affecting the functions of
[94]
polymerase .

Pre-S/S deletion

Deletion mutations in Pre-S/S have been frequently
reported in OBI and deletions covering the Pre-S/S
promoters may affect RNA splicing and exert an
effect on expression of one or more envelope proteins
[50,74]
(Figure 3)
. In cases of OBI, in-frame 183-bp
deletions (nt3019-3201 or nt2983-3167) were
commonly detected in the Pre-S1 region. Functional
analyses found that variants harboring the 183-bp
deletion mutation did not express HBsAg or secrete
viral particles when transfected in cell lines, although
[50,95-97]
they appeared to be replication-competent
. A
CCAAT element (nt3143-3147) and binding sites for
SP1 transcription factor are located in the Pre-S2/S
promoter (nt2960-3180), which are completely and
partially overlapped by the 183-bp deletion mutation,
[98,99]
respectively
. The CCAAT element is where cellular
transcription factor NF-Y binds to and plays a key
role in activating the S promoter and regulating the
ratio of Pre-S and S mRNA. Mutations in the CCAAT
element downregulate the level of Pre-S1 mRNA
while upregulate that of Pre-S2/S mRNA, resulting
in a decreased amount of L protein but increased
[100]
amounts of M and S proteins
. The SP1 sites also
regulate S promoter activity and production of Pre-S
and S mRNA but exert a weaker effect than the CCAAT
element. Mutations that occur at SP1 sites affect
the ratio of Pre-S/S mRNA as well as expression of
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Pre-S/S stop codon

[98,99]

envelope proteins
. The specific ratio of L protein
and S protein is essential for assembly of the envelope
particles, since an excessively high or low L/S proteins
ratio could alter HBsAg assembly and secretion and
[91,101,102]
reduce virion secretion
. Similarly, Xu and
[103]
Yen
reported a 129-bp deletion within the Pre-S2/S
promoter that affected Pre-S2/S mRNA production,
leading to complete abolishment of HBsAg secretion.
[74]
Chaudhuri et al
described several fragment de
letions containing Pre-S2/S promoter in OBIs and
demonstrated that full-length HBV genomes harboring
these deletion variants could drastically decrease
the expression of HBsAg by transfected HepG2 cells.
Besides, the Pre-S1 region possesses a hepatocytebinding site (AA21-47) that is vital to virion assembly
and transport from the hepatocyte, and deletions
covering this site may affect virion binding to and
[104]
being secreted out of the hepatocyte .
In OBIs, deletions in Pre-S2 region were frequently
detected at aa8-23, which have also been associated
[74,105]
with progression of liver diseases
. These deletions
overlap with the binding site for cross-linked human
serum albumin (AA17-28) in the Pre-S2 region, which
is involved in the attachment of HBV to the human
hepatocyte membrane, and mutations affecting this
[106]
site may decrease the infectivity of HBV . Deletions
in Pre-S2 region may influence expression of M protein,
which is dispensable for formation and secretion
[91,107]
of virion in vivo and in vitro
. Deletions in the
Pre-S2 region may be related to OBI by affecting the
production of L protein. Deletions in the Pre-S2 region
shorten the gap between the Pre-S2/S promoter
and the start codon of S mRNA, in turn leading to
an overproduction of L protein and an alternation
of L/S ratio, which may decrease the secretion of
[108,109]
HBsAg
. Deletions in the Pre-S2 region may be
associated with antiviral-resistance, which is in turn
linked to OBI. Mutations corresponding to lamivudine
[110]
(LMV)-resistance were commonly detected in OBIs ,
and Pre-S2 deletion mutants were frequently found
in patients with antiviral-resistance and shown to play
a supportive role in the replication of LMV-resistant
[111]
viruses by transfection analysis .

Stop codon mutations in the Pre-S/S gene result in
truncations of envelop proteins and may affect the
expression and/or secretion of HBsAg. A stop codon
mutation at aa216 in the C-terminus of HBsAg was
observed in occult HBV/HIV co-infected patients
and displayed undetectable or extremely low level
[73]
of HBsAg in transfection experiments . Other stop
codon mutations at amino acid positions 61, 69,
181 etc. were also detected in OBI patients. These
mutations may be correlated with failure in HBsAg
detection, but in vivo and in vitro studies are required
[113]
to confirm this association . Furthermore, the Pre-S/
S gene overlaps with the RT region of the P gene, and
mutations corresponding to antiviral-resistance in the
RT domain commonly result in stop codon mutations
in HBsAg and changes in the antigenicity and secretion
[114]
of HBsAg .

C GENE MUTATIONS
A1762T/G1764A double mutations in the BCP region
and G1896A in the Pre-C region are the most frequently
observed point substitutions in the C gene. These
mutations prevent the production of the hepatitis
[115]
.
B e-antigen (HBeAg) and are linked to HCC
Genotypes C and D of HBV have been reported to have
[116]
relatively high mutation rates in the BCP region
.
However, A1762T/G1764A and G1896A were not
common in genotype D-infected OBI patients from
[117,118]
Turkey and India
. A study from Taiwan conducted
on OBI related HCC and HBsAg-positive HCC patients
found that mutations commonly found in HBsAgpositive HCC, such as A1762T/G1764A, G1896A,
etc., were not frequently detected in OBI related HCC
[119]
patients
. Therefore, point mutations in BCP/Pre-C
in CHB may be not associated with OBI and are
required to be explored by further functional studies.
Several deletion mutations in the BCP region, such as
nt1753-1772, nt1751-1770, nt1754-1771, etc., have
been reported in OBIs, and variants containing deletions
of nt1754-1771 were shown to reduce virion replication
[97]
and expression levels of HBsAg and HBeAg (Figure 3) .
The BCP region recruits initiators for the transcription
of Pre-C mRNA and pregenomic (pg) RNA and is rich
[120,121]
in AT content
. Deletion mutations in the BCP
region may prevent transcription of pgRNA, leading
to a reduction in HBV DNA replication and HBsAg
expression. Moreover, BCP region overlaps with the X
gene, and deletions in the BCP region lead to truncated
X protein, which also has an effect on virion replication
[122]
and antigen expression .

Pre-S/S insertion

Two to 8 amino acid insertions have been observed
between codons 121 and 124 located upstream of
the “α” determinant in OBI patients from the Far
East, and they caused detection failure of HBsAg
by conventional assays utilizing monoclonal and
[112]
polyclonal antibodies . Insertions occurring at these
sites strongly influence the binding efficiency of HBsAg
antibodies and may affect the conformation of the “α”
determinant as well as the subtype determinant d/y at
aa122. In addition, insertions detected in the Pre-S/S
gene in OBI patients may lead to frameshift mutations
or stop codon mutations and interfere with HBsAg
detection.
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X GENE MUTATIONS
X gene is a regulatory gene and generates the X
protein, which is made up of 146 to 154 aa. X protein
acts as a transcription factor and trans-activates
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[135]

gene expression of HBV and several other viruses
[123]
and cells
. The X gene harbors enhancer elements
and the C promoter, and deletion mutations covering
the C promoter were frequently encountered in
various HBV infections, such as OBI, HBeAg-negative
[124]
infection, and so on
. The C-terminal end of X
protein is essential for the trans-activation function
[122]
of X protein
. Eight base pair (nt1763-1770) and
20-bp deletion (nt1753-1772) mutations at the
C-terminal end of X protein were frequently observed
in OBIs, and variants containing these two deletions
led to truncation of X protein and a decrease in Pre-C
promoter activity as well as secretion of HBsAg,
HBeAg, and HBcAg in transfected cell lines (Figure
[125,126]
3)
. Eight nucleotide deletions (nt1640-1647 or
nt1770-1777) were frequently detected in occult HBV/
HCV co-infected patients, and they exerted a positive
effect on HCV replication but a negative effect on HBV
[127,128]
replication
. Besides, partial and large deletion
mutations in the X gene have been reported in OBIs
in renal dialysis and HBV-vaccinated thalassemia
[129]
patients .

transfection experiments . Some studies found that
LMV-selected HBsAg protein changes, including E164D,
I195M, and E164D/I195M, significantly reduced the
binding efficiency to anti-HBs, implying the potential
[133]
to escape HBV vaccine like G145R . Point mutations
in the RNase H domain of P gene were observed
[52]
in vaccinated children with OBIs . In vitro studies
demonstrated that the RNase H region is essential
for both RNA packaging and DNA synthesis and that
the P gene of HBV and duck hepatitis B virus (DHBV)
have similar biological properties. Point mutations in
the RNase H region of DHBV, such as L697Y, V719Y
etc., led to deficiency of RNA packaging and significant
[136]
reduction of DNA synthesis .
Deletion mutations in the P gene have been rarely
reported. A 281-bp deletion (nt2068-2349) covering
the start codon of the P gene was reported in genotype
B infected OBIs, but the relationship remains to be
[137]
confirmed by functional studies .

NO OBI-RELEVANT MUTATIONS
Mutations in the “α” determinant of the S protein are
“hot spots” of OBI related mutations, but some clinical
reports demonstrated that no mutation was detected
in the “α” determinant or the mutation rate of the
“α” determinant in OBI group was not significantly
[31]
different from HBsAg-positive infections . In some
OBI patients, no mutation was detected in the Pre-S/
[117]
S gene
. Moreover, no OBI-relevant mutation was
found throughout the entire genome of HBV strains
[138]
isolated from some OBI patients
. As no OBIrelevant mutation was encountered in some cases of
OBI and some mutations occurred in both OBIs and
HBsAg-positive infections, some reports concluded that
[45]
there were no OBI-specific mutations . Furthermore,
in vivo and in vitro studies have demonstrated that
some mutations identified in clinical reports did not
interfere with HBV replication and expression or HBsAg
secretion and were not associated with OBI. In a
recent study, we investigated a number of OBI patients
with a family history of HBV infection by cloning and
sequencing the Pre-S/S region of HBV DNA isolated
from serum samples. Sequence comparison between
OBI patients and their family members with CHB
failed to identify common genetic variations that were
[139]
specific for OBI .

P GENE MUTATIONS
Since the P gene overlaps with the S gene, mutations
that occur in one gene may affect the other gene.
The RT region of the P gene completely spans the
S region, thus mutations resistant to nucleos(t)ide
analogues (NAs) in the RT region frequently lead to
mutations of HBsAg (including stop codon mutations)
[114,130]
and affect the antigenicity of HBsAg (Figure 3)
.
Transient selection of a V542I mutant in the HBV
polymerase has been described in a CHB patient with
prolonged administration of famciclovir. The mutation
corresponded to a stop codon mutation at aa199
in the S gene, and a transfection experiment with
the full-length HBV genome harboring the mutation
demonstrated a negative effect on replication capacity
[131]
and failed to produce HBsAg . The rtA181T variant
was frequently found in patients with adefovir (ADV)resistance, corresponding to a stop codon mutation
at aaW172 in the S gene (sW172*) and leading to
truncation of 55 aa at the C-terminal end of HBsAg.
The variant not only resulted in secretion deficiency of
the virion but also exerted a dominant negative effect
on virion secretion despite co-transfection with wild[132]
type isolates
. Other common antiviral-resistant
mutations that lead to truncation of S proteins include
entecavir (ETV)-resistant rtT184M corresponding to
sL176*, rtM204I (YIDD) both resistant to LMV and
telbivudine (LdT) corresponding to sW196*, and
[114]
so on
. The rtM204V (YVDD), accompanied by
rtV173L (corresponding to sI195M and sE164D) and/
or rtL180M, were detected in both HBsAg-negative
patients and HBsAg-positive patients untreated with
[133,134]
LMV
. Variants harboring YIDD or YVDD caused
a drastic reduction in virion replication capacity in
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PROBLEMS
The mechanism of OBI is complex and remains to
be clarified. Previous related studies have several
limitations, as follows: (1) It is difficult to amplify the
full-length HBV genome due to the extremely low
viral load in OBI patients, and most clinical reports are
limited to mutations in part of the viral genome (mainly
the S gene coding for HBsAg). Studies based on fulllength HBV genomes are rare; (2) Most previous
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studies of OBI were clinical reports with limited case
numbers and no comparable controls, and conclusions
about some mutations were not consistent across
reports; (3) Most mutations were not studied in vivo
or in vitro, and some mutations occurred both in OBIs
and HBsAg-positive infections; (4) Functional studies
of mutations were mostly focused on the secretion,
antigenicity, or immunogenicity of HBsAg, while only a
few of them addressed virion replication and secretion.
Opposite conclusions may be drawn by studies on the
same mutations, depending on whether a fragment or
the entire genome was used (data not available); (5)
Most studies focused on individual mutations, and it
remained to be determined whether multiple mutations
interact with each other or whether there is secondary
function; (6) HBV genotype and subgenotype were
ignored in most studies; (7) There is a lack of suitable
reference sequences for genotype and subgenotype
of HBV, and it is difficult to determine whether some
amino acid substitutions were genotype-specific or
[140]
OBI-related ; and (8) The levels of serum HBsAg in
some OBI patients were fluctuant, and it remains to
be elucidated whether HBV methylation, glycosylation,
acetylation, or miRNA plays a role in this phenomenon.
The ability to screen for OBI is strongly affected
by the assays used for detecting HBsAg and HBV
DNA. For instance, the Abbott assay is highly sensitive
for G145R detection. It is our opinion that multiple
assays should be performed to verify the accuracy of
the screening results and to reduce false positive or
false negative results. NAT of HBV is highly sensitive
and able to detect extremely low levels of HBV DNA
but has a potential risk of false-positive results due to
quality-control problems. HBV NAT is still important for
recognition of OBI in HBsAg-negative blood donations
worldwide especially in high-endemic countries.
However, NAT has not been implemented in most
[141]
of these countries due to its high cost
. In these
countries, blood donations are screened by serological
testing of HBsAg alone or combined with anti-HBc. In
low-endemic regions of HBV or high-endemic regions
of anti-HBc, anti-HBc testing may be not as effective
[142]
as NAT
. Anti-HBc screening is not capable to
detect pre-seroconversion window period infections
and anti-HBc assays based on radioimmunoassay or
enzyme immunoassay may suffer from false-positive
[143,144]
results
. Although liver biopsy is the best way
for detecting OBI, it is hard to obtain liver tissue and
[145]
standardized assays for it are not yet available .

is still need both in vivo and in vitro.
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MINIREVIEWS

Liver cancer stem cell markers: Progression and therapeutic
implications
Jing-Hui Sun, Qing Luo, Ling-Ling Liu, Guan-Bin Song

Abstract

Jing-Hui Sun, Qing Luo, Ling-Ling Liu, Guan-Bin Song, Key
Laboratory of Biorheological Science and Technology, Ministry
of Education, College of Bioengineering, Chongqing University,
Chongqing 400044, China

Cancer stem cells (CSCs) are a small subpopulation
in cancer, have been proposed to be cancer-initiating
cells, and have been shown to be responsible for
chemotherapy resistance and cancer recurrence. The
identification of CSC subpopulations inside a tumor
presents a new understanding of cancer development
because it implies that tumors can only be eradicated
by targeting CSCs. Although advances in liver cancer
detection and treatment have increased the possibility
of curing the disease at early stages, unfortunately,
most patients will relapse and succumb to their disease.
Strategies aimed at efficiently targeting liver CSCs are
becoming important for monitoring the progress of
liver cancer therapy and for evaluating new therapeutic
approaches. Herein, we provide a critical discussion of
biological markers described in the literature regarding
liver cancer stem cells and the potential of these
markers to serve as therapeutic targets.
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Core tip: Liver cancer is the fifth most common
cancer and the third leading cause of cancer-related
mortality worldwide despite remarkable progress
in understanding hepatocarcinogenesis and new
therapeutic approaches. Recently, the presence of
highly resistant cancer stem cells (CSCs) in liver cancer
has been proposed to be responsible for tumor growth,
invasion, metastasis and recurrence. CSC involvement
in liver cancer pathogenesis also highlights them as
preferential targets for therapy. This review specifically
focuses on the markers used to define human liver
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their biological characteristics to target them efficiently
for therapeutic purposes. Therefore, we summarize
here current knowledge on putative markers that
define LCSCs, potential functional implications, and
therapeutic targets of these markers and provide
insights into new therapeutic approaches for more
specific targeting and eradication of liver CSCs.

cancer stem cells, the therapeutic implications of
the expression of these markers in patient’s primary
tumors, and the potential of the markers to serve as
therapeutic targets.
Sun JH, Luo Q, Liu LL, Song GB. Liver cancer stem cell
markers: Progression and therapeutic implications. World J
Gastroenterol 2016; 22(13): 3547-3557 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i13/3547.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i13.3547

CELL SURFACE MARKERS OF LIVER
CSCS
Current surface markers or a particular phenotype are
used to identify CSCs. Several markers proposed in
the literature to identify CSCs in liver cancer using cell
surface antigens are enriched in LCSCs (isolated by
FACS or Ab-conjugated magnetic beads). Additionally,
cytokeratin 7 and 19 may also serve as relatively
specific markers of LCSCs, playing significant roles in
[6,7]
hepatocellular carcinoma .

INTRODUCTION
Hepatocellular carcinoma (HCC), the most common
liver cancer, is the third leading cause of cancer-related
[1]
mortality worldwide , mainly due to its high rate of
recurrence, which can be as high as 70% following
conventional treatments, such as chemotherapy, arterial
embolization, surgical resection, and radiofrequency
[2]
ablation . Some research studies have demonstrated
that liver cancers are derived from liver stem cells that
are present in adult liver tissue with endogenous or
exogenous liver origin, where the former are oogonia
located in the smallest terminal of the intrahepatic bile
duct. However, the cellular origin of HCC recurrence
remains poorly understood, and no specific treatment
strategy has been developed that focuses on HCC
recurrence. Although the cytological pathogenesis of
HCC remains unclear, it has been proposed that HCCs
are not created equally and display a great deal of
[3,4]
heterogeneity , as there are abundant distinct tumor
cell populations expressing different markers. Only a
rare subset of cancer cells with stem cell properties,
often referred to as liver cancer stem cells (LCSCs),
are considered to be responsible for tumor growth,
metastasis and recurrence of HCC as well as for the
[5]
failure of chemotherapy and radiotherapy . These
findings indicate that liver cancer therapies, although
killing a majority of tumor cells, may ultimately fail
because they do not eliminate LCSCs, which survive
to regenerate new tumors (Figure 1). Therefore, the
cancer stem cell theory offers novel insight into tumor
diagnosis, treatment and prevention.
Recent rapid progress in CSC research has encountered
increasing challenges in which the identification of
CSC-specific marker sets and targeted therapeutic
destruction are the most frequently debated topics.
CSC markers must be clearly defined for each tissue,
and clarifying cellular and signaling functions of CSCs
is key to conducting better identification and diagnosis
based on CSC biomarkers for targeting CSCs, which
will undoubtedly improve prevention and treatment for
many types of CSCs. To achieve better understanding
and treatment of LCSCs, we must better understand
the markers of stemness and cell fractions associated
with prognosis, metastasis, and resistance. These
markers are necessary to isolate CSCs and analyze
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CD133

One of the most commonly described surface markers
in LCSCs is CD133. CD133, also known as Prominin-1,
is a membrane glycoprotein encoded by the CD133/
[8]
Prom-1 gene .It was first detected as a marker of
hematopoietic stem cells and has since been shown
to be a marker of CSCs in the prostate, colon, and
[9-11]
+
ovaries
. CD133 HCC cells were first identified as
[12]
a potential CSC subpopulation by Suetsugu et al .
+
They found that the isolated CD133 HCC cells from
Huh7 HCC cell lines exhibited higher proliferative and
tumorigenic potential and expressed lower levels of
mature hepatocyte markers than those of the CD133
[13]
counterparts. Subsequent reports from Yin et al
+
demonstrated a similar result, where the CD133
population of HCC SMMC-7721 cells exhibits higher
in vivo clonogenicity and in vitro tumorigenicity than
those of the CD133 counterparts. We have also
researched the enrichment and characterization of
LCSCs through a sphere culture system and found
that CD133 was significantly enriched in liver CSCs
compared with that in MHCC97H cells. Additionally,
liver CSCs proliferated significantly faster and induced
[14]
more tumor colonies than those of MHCC97H cells .
Enhanced CD133 expression is also found to be an
independent prognostic indicator for survival and
[15]
tumor recurrence in HCC patients . Furthermore,
CD133-positive cells seemed to be increased with the
[16]
loss of differentiation of the tumor .

Aldehyde dehydrogenase

Aldehyde dehydrogenase (ALDH) is a detoxifying
enzyme responsible for the oxidation of intracellular
aldehydes, which is engaged in early differentiation of
[17]
stem cells by retinol oxidation to retinoic acid . ALDH
activity has been found to be upregulated in murine and
neural stem and human hematopoietic and progenitor
[18]
cells . ALDH is also widely used as a CSC marker in
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Figure 1 Targeting liver cancer stem cells is necessary to prevent tumor recurrence. LCSCs are resistant to the current standard of care: surgical resection,
radiotherapy and chemotherapy. Therapeutic approaches and strategies to target LCSCs in addition to the differentiated tumor cells are necessary to effectively treat
the entire cancer and prevent tumor recurrence. LCSCs: Liver cancer stem cells.
[19]

[20]

many types of cancer, including colon , breast ,
[21]
[22]
[23]
ovary , bladder and prostate . In liver cancer, Yin
[13]
et al
suggested that ALDH is expressed in LCSCs
and is positively correlated with CD133 expression.
The combination of these markers can define LCSCs
more accurately; dual-color FACS analysis found that
+
+
the majority of ALDH HCC cells were CD133 , yet
+
+
not all CD133 HCC cells were ALDH . A hierarchical
organization of cells that differentially express CD133
and ALDH exhibit descending tumorigenic potential in
+
+
+
the order of CD133 ALDH > CD133 ALDH > CD133
-[13]
ALDH
, which implies that ALDH express along
CD133 can be used to characterize the tumorigenic
liver CSC population more specifically.

eradicating cancer cells committed to mesenchymal
endothelial lineages by imatinib mesylate, in which
+
CD90 cells are believed to be chemosensitive, is
[31]
proposed. Yang et al
found that the number of
+
CD90 cells increased with the tumorigenicity and
metastatic potential in a panel of HCC cell lines.
+
Moreover, CD45 CD90 cells were detected in all of
blood samples from HCC patients, but none in normal
+
subjects or patients with cirrhosis. The CD45 CD90
subpopulation has the capacity to initiate and maintain
tumor formation in SCID/Beige mice, whereas the
CD90 and CD45 CD90 cells do not. In conclusion,
these results provide evidence of the tumorigenicity
+
and stem cell-like properties of CD45 CD90 and
+
CD90 populations from HCC patients.

CD90

CD44

CD90 is a 25-37 kDa heavily N-glycosylated, glyco
phosphatidylinositol (GPI)-anchored protein expressed
in many cells, such as thymocytes, T-cells, neurons,
[24]
endothelial cells and fibroblasts . CD90 operates
as an important regulator of cell-cell and cell-matrix
interactions, apoptosis, adhesion, migration, cancer
[25]
and fibrosis . CD90 is also expressed in bone
[26]
marrow-derived stem cells
and hepatic stem/
progenitor cells from adult or fetal livers but not
[27-29]
in adult hepatocytes
. It has been identified to
be one potential marker in CSCs, including in HCC.
[30]
Yamashita et al investigated the expression patterns
of three CSC makers (CD 133, EpCAM, CD90) in 15
primary HCCs with high viability, where EpCAM, CD90
and CD133 are positive in 3, 7 and 15 cell strains,
+
respectively. Although strong correlation of CD90
proportions in tumor cells and liver cancer distant
metastasis was suggested, the intrinsic mechanics still
need to be determined. Additionally, the feasibility of
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CD44 is a ubiquitous multi-structural and multifunctional cell surface glycoprotein involved in adhesive
cell-cell and cell-matrix interactions, cell migration,
[32]
cell homing, cell proliferation and angiogenesis . All
of these biological properties are essential to normal
cell physiology, but under certain conditions they are
associated with pathological activities, in particular,
[33]
those of cancer cells . Moreover, CD44 is the receptor
for hyaluronic acid and has been identified as a CSC
[34]
marker for several human cancers, including breast ,
[35]
[36]
[37]
gastric, colon, prostate , colorectal ,pancreatic ,
[38]
and head and neck squamous cell carcinomas . In
human liver cancer, CD44 is also an important marker.
CD44 and other markers were reported to more
accurately define the surface phenotype of liver CSCs.
+
+
The CD90 CD44 cells showed a more aggressive
+
phenotype than the CD90 CD44 counterpart and
formed metastatic lesions in immunodeficient
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+

mice. CD44 blockade prevented the formation of
local and metastatic tumor nodules, which showed
that concomitantly expressed CD44 modulates the
+
[39]
biological activity of the CD90 CSCs . Another study
demonstrated that CD44 was preferentially expressed
+
in aCD133 population in four HCC cell lines, including
Huh7, SMMC7721, MHCCLM3 and MHCC97L. Com
+
+
+
pared with CD133 CD44 cells, CD133 CD44 HCC
cells showed more stem cell properties, including
extensive proliferation, self-renewal, and differentiation
into the bulk of cancer cells. Furthermore, cells double
positive for CD133 and CD44 exhibited preferential
expression of some stem cell-related genes and were
[40]
more resistant to chemotherapeutic agents .

of CD13 cells are regulated by ROS, indicating a
positive prospect of treating liver cancer with a CD13
[52]
inhibitor and ROS-inducing chemo/radiation therapy .

EpCAM

Epithelial cell adhesion/activating molecule (EpCAM)
is encoded by the TACSTD1 gene, one of the first
[64]
tumor-associated antigens identified . EpCAM
is highly expressed in a large variety of human
[53]
adenocarcinomas and squamous cell carcinomas .
[54]
+
Yamashita et al
demonstrated that EpCAM HCC
showed a distinct molecular signature with features
of hepatic progenitor cells, including the presence of
known stem/progenitor markers, such as cytokeratin
19, EpCAM, c-Kit, and activated Wnt/β-catenin
signaling, whereas EpCAM HCC expressed genes
related to mature hepatocytes. Because its expression
is highly elevated in premalignant hepatic tissues and
in a subset of HCC, EpCAM may serve as an early
[55]
biomarker of HCC . Similar results were observed
[56-58]
by other researchers
, reiterating the significance
+
+
of EpCAM in HCC development. The EpCAM /AFP
subtype of HCC was significantly correlated with a
poor prognosis for HCC patients. Functional analysis
+
showed that EpCAM HCC cells possessed CSC
phenotypes, including the ability to self-renew,
[54]
differentiate and initiate tumors . Moreover, these
cells demonstrated EpCAM enrichment by activation
of Wnt/β-catenin signaling using the GSK-3βinhibitor
BIO, suggesting that EpCAM is a downstream effect
or of the Wnt/β-catenin signaling pathway. These
+
data support therapeutic strategies targeting EpCAM
liver CSCs through the suppression of Wnt/β-catenin
signaling. EpCAM knockdown by RNA interference
(RNAi) was shown to cause significant inhibition of cell
invasion, sphere formation, and tumorigenicity of HCC
[55]
cells . In addition, knockdown of EpCAM suppressed
+
colony-forming ability in sorted EpCAM HCC cells
+
by EpCAM shRNA (shEpCAM) in vitro. EpCAM
liver cancer cells highly express the chromatinremodeling enzyme CHD4, whose knockdown and
overexpression separately increased chemosensitivity
[59]
and chemoresistance to epirubicin in vitro . Histone
deacetylase and poly (ADP-ribose) polymerase are
regulators of CHD4. The inhibitory effects of their
inhibitors suberohydroxamic acid and AG-014699 were
[60]
assessed by Nio et al , who proposed that either
+
inhibitor alone reduced the number of EpCAM liver
cancer stem cells in vitro and that the combination of
the two inhibitors successfully inhibited tumor growth
in a mouse xenograft model.

CD13

CD13 antigen, a membrane-bound zinc-dependent
type II exopeptidase, is widely distributed in many
tissues of mammals, such as the intestine, kidney, and
[41-43]
liver as well as the central nervous system
. CD13
participates in the final hydrolysis of nutrients and the
degradation of bioactive molecules, such as enkephalin
and endorphin. In addition, CD13 is highly expressed in
many tumor cells and has been considered as a tumor
marker that plays a crucial role in tumor cell growth,
invasion, metastasis and angiogenesis. Importantly,
CD13 is involved in angiogenesis-generating and
-modulating signals and in the process of capillary tube
[43-51]
formation and is a marker of angiogenic vessels
.
[52]
Recently, Haraguchi et al
identified CD13 as a
candidate liver cancer stem cell marker by a surface
+
marker screen based on microarray analysis. CD13
liver CSCs were enriched in side population (SP)
cells isolated from Huh-7, PLC/PRF/5 and Hep3B
cells, which is known as the multi-drug resistant cell
fraction with ATP-binding cassette (ABC) transporter
expression, and also localized predominantly in G1/
+
G0 phase.These results suggested that CD13 cells
represent the dormant or slow-growing population that
is believed to account for the chemoresistant capacity
in HCC. In vivo chemosensitivity assays indicated the
+
high multi-drug resistant property of CD13 cells.
Treatment of liver cancer cells with a CD13 inhibitor or
CD13 neutralizing antibody efficiently induced cellular
apoptosis in vitro, suggesting that CD13is a liver CSC
target.
In mouse xenograft models, the combination of a
CD13 inhibitor and the genotoxic chemotherapeutic
fluorouracil (5-FU) more efficiently reduced tumor
volume compared with either agent alone.CD13
inhibition suppressed the self-renewing and tumorinitiating abilities of LCSCs. In other respects, reac
tive oxygen species (ROS) have been found to be
negatively correlated with surface marker CD13 in
+
cells, where CD13 cells have relatively higher ROS
than in their CD13 counterparts. Furthermore, CD13
inhibition is also able to increase ROS expression.
These results suggest that chemo-resistant properties
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OV-6

Hepatic oval cells are an important origin of liver stem
cells. OV-6 has been found to be a useful marker for
rat oval cells and is thought to be a hepatic stem cell
[61-64]
marker
. Oval cells arise in the intraportal area
of the liver after treatment with hepatocarcinogens
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Table 1 Cell surface markers of liver cancer stem cells
Marker

Cell line/primary tumor

Characteristics of marker-positive CSCs

Inhibitors

Ref.

CD133

PLC8024, Huh7, Hep3B, primary HCC

CD44

Huh7, HPLC8024, Hep3B
HepG2, Hep3B, PLC, Huh7, MHCC97L,
MHCC97H, Primary HCC
PLC/PRL/5

Lupeol,Anti-CD133 antibody, antisense
oligonucleotides
Diethylaminobenzaldehyde
Anti-CD44 antibody

[10-14]

ALDH
CD90

Self-renewal, tumorigenicity,
chemoresistance, invasiveness
Chemoresistance tumorigenicity
Tumorigenicity, metastasis, circulation

CD13

PLC/PRL/5, Huh7, Hep3B

EpCAM

Huh1, Huh7, primary HCC

Tunorigenicity, invasiveness,
chemoresistance, metastasis
Tumor formation, cell cycle arrest,
chemoresistance, self-renewal
Invasiveness, Self-renewal, tumor
formation, chemoresistance
Tumorigenicity, chemoresistance,
invasiveness, metastasis
Tumorigenic, invasiveness
self-renewal

OV6

Huh7, SMMC7721, primary HCC

1B50-1

Huh7, HepG2Hep-12, SMMC7721

SALL4

PLC/PRF/5, Huh7

Proliferation, chemoresistance,
tumorigenic

ICAM-1

Hep3B, Huh7

Tumorigenic, metastasis

[10,11]
[28,29]

RNAi interference, Anti-CD44 antibody,
[38]
antisense oligonucleotides
Anti-CD13 antibody, CD13 inhibitor
[51]
ubenimex
RNAi interference, GSK-3β inhibitor BIO, [53,54,60]
Bispecific antibody EpCAMxCD3
RNAi interference, targeting β-catenin
[70]
RNAi interference
ERK1/2 inhibitor
U0126
ERK1/2 inhibitor
U0126
RNAi interference
RNAi interference

[71]

[76]

[78,79]

CSCs: Cancer stem cells.

or hepatotoxins in rats, these cells and their progeny
have the ability to proliferate and differentiate into
[62,65-69]
[70]
either biliary cells or hepatocytes
. Yang et al
+
showed that OV6 cells possessed a greater ability
to form tumors in vivo and that these cells showed a
substantial resistance to standard chemotherapy when
+
compared with OV6 tumor cells. The OV6 population
was enriched after Wnt pathway activation, whereas
inhibition of β-catenin signaling led to a decrease
+
+
in the OV6 population. OV6 HCC cells were more
chemoresistant than the OV6 counterparts, but this
characteristic was reversed upon lentivirus-delivered
stable expression of a microRNA targeting β-catenin.
This result suggested the importance of the Wnt/
β-catenin pathway in the activation and expansion of
+
OV6 populations within tumors. Therefore, therapies
targeting Wnt/β-catenin signaling may be a promising
approach to reverse the chemoresistant nature of
+
[70]
OV6 liver CSCs .

between 1B50-1 and these reported liver CSC markers
was also found in other HCC cell lines and patient+
derived cells (Table 1). Thus, 1B50-1 cells represent
+
+
+
fractions of CD133 , EpCAM , and CD13 populations
[71]
but not vice versa .

SALL4

Sal-like protein 4 (SALL4) is a member of a family
of zinc finger transcription factors that regulates
embryogenesis, organogenesis, and pluripotency.
SaLL4 is able to elicit reprogramming of somatic cells
and is a marker of stem cells. Some research studies
have shown that SALL4 is constitutively expressed in
hematopoietic stem cells and is a potent regulator of
[72,73]
their expansion
. SALL4 has also been identified
as a novel molecule in reprogramming of somatic
[74,75]
cells to become iPSCs
. Recent research shows
that SALL4 is a novel therapeutic target for liver
cancers. Bioinformatics analyses showed that elevated
expression of SALL4in tumors is closely related to
poor survival of HCC patients. In vitro, overexpression
of SALL4 promotes cell proliferation and elevates the
expression of EpCAM, cytokeratin 19 (CK19), and
adenosine triphosphate (ATP)-binding cassette-G2
[76]
(ABCG2) . In summary, SALL4 may be a prognostic
marker of liver cancer and an indicator of stem
cells, playing roles in 5-FU resistance and growth of
cells, and tumors with suppressed SALL4 results in
differentiation and delayed tumor growth.

1B50-1

In human HCC cells, mAb 1B50-1, which binds
+
to α2δ1 isoform 5, selectively targeted LCSCs.
+
Recent studies show that1B50-1 cells could initiate
tumors.1B50-1 binds to a subpopulation of HCC cells,
+
hereafter termed α2δ1 cells, that display stem celllike properties, such as the expression of stem cellassociated genes (OCT4, SOX2, NANOG, and BMI1),
increased self-renewal, increased invasiveness and
+
[71]
the ability to give rise to both α2δ1 and α2δ1 cells .
+
+
Interestingly, 1B50-1 cells overlapped with CD133 ,
+
+
+
EpCAM , CD13 , and ALDH populations of Hep-12
+
cells. Although the majority of 1B50-1 cells were also
positive for CD133, EpCAM, CD13, and ALDH in Huh7
+
+
+
cells, only a small fraction of CD133 , EpCAM , CD13 ,
+
+
or ALDH cells were 1B50-1 . A similar correlation
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ICAM-1

Intercellular adhesion molecule 1 (ICAM-1), a 90-kD
cell surface glycoprotein of the immunoglobulin
superfamily, is believed to be responsible for HCC
[77]
metastasis . Previous studies have shown that
hepatocytes are negative for ICAM-1 in cancerous
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Figure 2 Proposed hierarchy of liver cancer stem cells according to the current literature. Liver cancer stem cell markers have been defined that can give rise
to ALDH+CD133+, EpCAM+CD90+, CD133+CD44+ and other early progenitor cells, each of which can subsequently divide into more differentiated progenitor cells.
Rounded arrows show cells with self-renewal capacity that have the potential to serve as CSCs. Small arrows show the unproven potential for “de-differentiation”.
CSCs: Cancer stem cells.

areas but not on hepatocytes in noncancerous areas.
The expression of ICAM-1 has been reported to
mediate adhesion-dependent cell-cell interactions
and facilitate the movement of cells through the
extracellular matrix, and it has been shown to
be positively correlated with tumor size and poor
[78]
[79]
prognosis in HCC . Liu et al
indicated that
ICAM-1 could be used as a potential CSC marker and
may therefore be helpful in developing an effective
+
treatment against cancer. ICAM-1 HCC have also
been shown to be highly sphere-forming, have high
tumorigenic capability and have increased expression
of stemness-related genes in comparison with their
ICAM-1 counterparts.

biomolecules are used as markers to identify and
isolate cell populations with liver cancer stem cell
properties, including the ability to generate tumors
through the stem cell processes of self-renewal,
ability to differentiate into multiple cell types, ability
to undergo asymmetric division, and increased
resistance to radio-/chemotherapy. One important
task will be to confirm the relationship among these
markers, as different markers of liver CSCs may be
organized as a hierarchy of liver cancer cells (Figure
2). The establishment of such a hierarchy allows for
the identification of which markers regulate CSC selfrenewal, proliferation and differentiation. These abilities
of LCSCs represent important therapeutic targets.
[80]
In the basic research field, Ma et al
found that
ALDH and CD133 as CSC markers could be used
either alone or in combination to identify different
chemoresistant liver CSC populations and define a
+
simple hierarchy. ALDH+ cells with CD133 or CD133
phenotype could initiate tumors in mice. The study
+
also showed that the majority of ALDH cells were

ESTABLISHMENT OF A HIERARCHY
IN LIVER CANCER THROUGH LIVER
CANCER STEM CELL MARKERS
Some research studies have indicated that different
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+

+

+

CD133 , yet not all CD133 HCC cells were ALDH .
A hierarchical organization of cells that differentially
express CD133 and ALDH exhibit an ascending
+
+
tumorigenic potential in the order of CD133 ALDH ,
+
CD133 ALDH , and CD133 ALDH . Similarly, Zhu
[40]
et al
observed that CD44 was consistently
+
preferentially expressed in CD133 cells at the mRNA
level compared to the corresponding CD133 cells from
HCC cell lines. Multimarker analyses by flow cytometry
revealed similar preferential expression of CD44 in the
+
CD133 cell population. Specifically, the majority of
+
CD133 cells from the SMMC-7721, MHCC-LM3 and
MHCC-97L cell lines also expressed CD44. For Huh7,
+
although the percentage of CD133 cells was more
than 60%, only 1.88% of cells co-expressed CD133
and CD44, more likely representing a minority of the
+
+
CSC subset. CD133 CD44 HCC cells showed stem
cell properties, including extensive proliferation, selfrenewal, and differentiation into the bulk of cancer
cells. In vivo xenograft experiments revealed that,
+
actually, the highly tumorigenic capacity of CD133
cells as previously described was primarily attributed
+
+
to the CD133 CD44 cell subpopulation instead of their
+
CD133 CD44 counterparts. Moreover, cells doublepositive for CD133 and CD44 exhibited preferential
expression of some stem cell-associated genes and
were more resistant to chemotherapeutic agents due
to the upregulation of ATP-binding cassette (ABC)
superfamily transporters, including ABCB1, ABCC1, and
ABCG2, further supporting that these cells are of HCC
+
+
cell origin. These findings suggest that CD133 CD44
cells might represent true cancer stem/progenitor cells
in HCC, which could allow for a better understanding
of HCC initiation and progression as well as establish
a precise target for the development of more effective
[40]
therapies . Captivatingly, in the clinical research field,
[54]
+
Yamashita et al
found that EpCAM and EpCAM
+
HuH1 cells equally expressed CD133, but only EpCAM
cells developed large hypervascular tumors. In
addition, these results suggested that EpCAM may be
a better marker than CD133 for enriching HCC tumor+
initiating cells from AFP tumors. They also found that
CD90 expression was limited to HCC cell lines that
are EpCAM AFP , and Wnt/β-catenin signaling had
+
little effect on CD90 cell enrichment. These results
identified that the expression patterns of various
stem cell markers in tumor-initiating cells with stem/
progenitor cell features may be different in each HCC
subtype, possibly due to the heterogeneity of activated
signaling pathways in normal stem/progenitor cells
where these tumor-initiating cells may originate.
Consequently, it would be useful to comprehensively
research the expression patterns of stem cell markers
to characterize the population of CSCs that may
correlate with the activation of their distinct molecular
.
pathways
From all of the observations described above,
asymmetric division of liver CSCs gives rise to
+
+
+
+
CD133 CD44 or CD133 ALDH early progenitor CSCs,
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and additional tumor-forming progenitors with more
differentiated histology could be produced by further
asymmetric division of these early progenitor cells.

LIVER CSC MARKERS AS THERAPEUTIC
TARGETS
CSCs are defined by several markers that could
represent potentially important therapeutic targets. In
addition, these markers may be functionally important
for CSCs, making them even more attractive as
therapeutic targets. Despite reports that some markers
are useful in the isolation and study of liver CSCs, other
tissues may share these markers with hepatocellular
carcinoma because of histological variation. The
CSC phenotype might not necessarily be universal
in all cancer subtypes. It thus appears relevant
to identify specific CSC biomarkers, including cell
surface markers, to improve prognosis and ultimately
patient survival. New treatment strategies involve
the development of antibodies that can target these
markers. Antibody therapies against tumor cell surface
antigens have improved clinical prognosis through
inhibition of specific signaling pathways or enhanced
activation of direct immune effectors. In some cases,
these antibodies are conjugated to a bioactive drug
that enables selective targeting of chemotherapeutic
agents. Additionally, they block a signaling pathway
in which the marker may be involved. Antibodies
may also act by an antibody-dependent cytotoxicity
(ADCC)/complement-dependent cytotoxicity (CDC)
mechanism, thereby enhancing the immune response
[81]
against CSCs . CD133-expressing cells have been
suggested to be critical tumorigenic progenitors in HCC,
conferring chemoresistance by preferential activation
[82]
of AKT/PKB and Bcl-2 cell survival response . The
+
treatment of CD133 HCC cells with an AKT1 inhibitor,
which is specific to the Akt/PKB pathway, significantly
reduced the expression of survival proteins. In
addition, suppression of CD133 by a murine antibody
to human CD133 conjugated to a potent cytotoxic
drug reduced the proliferation rate of Hep3B cells in
vitro and delayed tumor growth in a SCID mouse
[83]
model . Potential drug-resistant cell subpopulations
can hopefully be eliminated in many cancers, such as
liver cancer, retinoblastoma, ovarian cancer, prostatic
adenocarcinoma, pancreatic cancer, or colorectal
cancer, through the development of CD133 targeting
antibodies. Multimarker methods have been applied in
[34]
the characterization of CSCs in breast and pancreatic
[37]
+
+
cancers . In liver cancer, CD133 /CD44 HCC cells
+
were more tumorigenic than those of CD133 /CD44
cells in vivo. A recent study suggested that the CSC
phenotype could be precisely defined by co-expression
+
of CD133 and CD44 cell surface markers. CD133 /
+
CD44 HCC cells showed stem cell properties, including
extensive proliferation, self-renewal and differentiation
into the bulk of cancer cells. Additionally, recent studies
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also revealed that blocking CD44 signaling using an
anti-CD44 antibody might be a potential strategy to
eradicate liver CSCs and consequently cure those
[40]
patients . A previous study demonstrated that
+
+
CD90 CD44 HCC cells possess a high capacity for
tumorigenicity. Researchers who have characterized
this subpopulation of cells have also examined the
potential benefits of targeting CD44 via a neutralizing
antibody approach. The systemic administration of
anti-human CD44 antibodies in immunodeficient
mice, formed by the intrahepatic inoculation of CD90+
liver CSCs, suppressed tumor nodule formation of
liver tissue and metastatic lesions in lung tissue.
Furthermore, the administration of CD44 antibodies
was also shown to induce apoptosis in both CD90+
[39]
+
and CD90- cells in vitro . In research on CD13 liver
[52]
CSCs, Haraguchi et al
have also indicated that the
combination of a CD13 inhibitor and 5-FU dramatically
reduced tumor volume compared with that of either
+
agent alone. 5-FU inhibited proliferating CD13 semi
quiescent CSCs, and the self-renewing and tumorinitiating abilities of liver CSCs were suppressed by
CD13 inhibition. These studies demonstrated a novel
treatment strategy of liver cancer by combining a CD13
inhibitor with reactive oxygen species (ROS) -inducing
chemo/radiation therapy. Currently, several EpCAMtargeting antibodies are in clinical development, which
include Catumaxomab and Adecatumumab. Clinical
trials have been conducted in various cancers, including
[84,85]
breast, prostate and colon cancers
. In liver cells,
RNAi targeting of EpCAM significantly decreased the
CSC pool and reduced both tumorigenicity and invasive
[52,57]
capacity of CSCs
. Because EpCAM expression is
a downstream target of Wnt/β-catenin, these results
may have implications for the development of novel
target therapies.
In addition to antibody-targeted therapy, a
[86]
recent discovery by Lee et al
showed that lupeol,
a phytochemical present in fruits and vegetables,
+
could target CD133 liver CSCs by inhibiting their selfrenewal and tumorigenic capacity. In addition, lupeol
was able to sensitize HCC cells to chemotherapeutic
agents (doxorubicin and cisplatin) via the PTENAKT-ABCG2 signaling pathway. The combination
of lupeol, doxorubicin and cisplatin was found to
exert a synergistic effect on tumor suppression,
allowing the use of a lower dosage of conventional
chemotherapeutic drugs, which may substantially
reduce the cytotoxic side effects.
Other approaches have also been applied to target
liver CSCs utilizing mechanisms that are not dependent
on CSC-specific markers. Research studies targeting
stem cell-related signaling pathways have shown some
efficiency, and these therapeutic studies have been
[87,88]
reviewed elsewhere
.

quantity of work researching markers that identify liver
CSCs, and these discoveries have contributed to one of
the most important developments in cancer treatment.
Nevertheless, some important issues still need to be
resolved. For example, some of the pivotal markers
that are significant to CSCs are also shared by normal
stem cells; thus, drugs targeting these markers
could have a negative effect on normal stem cells. To
specifically target CSCs without unnecessarily affecting
normal stem cells, molecular differences between
them need to be delineated. In addition, in the coming
years, one of the major challenges will be to determine
how these different liver CSC markers relate to one
another. There is growing concern that a single marker
cannot isolate a LCSC population. Increasing evidence
has demonstrated that combinations of multiple
markers can specifically label CSC populations.
In summary, in the future, more effective liver
CSC markers are required to identify and design more
specific anti-CSC marker therapies. The apparent
advantages of specifically targeting CSCs in improving
the potency of existing therapies are revealed in
current knowledge, leading to long-term clinical
benefits by providing an important framework for
developing a novel therapeutic regimen.
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Abstract
AIM: To apply the laparoscopic and endoscopic co
operative surgery concept, we investigated whether
endoscopic cholecystectomy could be performed more
safely and rapidly via only 1 port or not.

Institutional animal care and use committee statement:
Animal experiments were performed in the Preclinical Animal
Laboratory of Kagawa University, Japan. All experimental
procedures were performed according to the guidelines for the
care and use of animals as established by Kagawa University,
Japan.

METHODS: Two dogs (11 and 13-mo-old female
Beagle) were used in this study. Only 1 blunt port was
created, and a flexible endoscope with a tip attachment
was inserted between the fundus of gallbladder and
liver. After local injection of saline to the gallbladder
bed, resection of the gallbladder bed from the liver was
performed. After complete resection of the gallbladder
bed, the gallbladder was pulled up to resect its neck
using the Ring-shaped thread technique. The neck of
the gallbladder was cut using scissor forceps. Resected
gallbladder was retrieved using endoscopic net forceps
via a port.
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RESULTS: The operation times from general anes
thetizing with sevoflurane to finishing the closure of
the blunt port site were about 50 min and 60 min
respectively. The resection times of gallbladder bed
were about 15 min and 13 min respectively without liver
injury and bleeding at all. Feed were given just after
next day of operation, and they had a good appetite.
Two dogs are in good health now and no complications
for 1 mo after endoscopic cholecystectomy using only a
flexible endoscope via one port.
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CONCLUSION: We are sure of great feasibility of endo
scopic cholecystectomy via single port for human.

easily obtain sufficient space (Figure 1A). Resection of
the gallbladder from the liver was performed without
any damage or bleeding (Figure 1B). After complete
resection of the gallbladder bed, the gallbladder was
pulled up to resect its neck. A ring-shaped thread
was placed via an endoscopic channel using grasping
forceps. One side of the ring was clipped to the fundus
of the gallbladder and the other to the abdominal
wall (Figure 1C). The third clip was hooked to 1 side
of the ring-shaped thread. The thread was hooked
crosswise to the 2 supporting points of the gallbladder
and abdominal wall and clipped (Figure 1D). The
neck of the gallbladder was cut using scissor forceps
(Figure 1E). Resected gallbladder was retrieved using
endoscopic net forceps via a port (Figure 1F).

Key words: Laparoscopic and endoscopic cooperative
surgery; Endoscopic cholecystectomy; Single port;
Safer and complete resection; Feasibility
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic cholecystectomy via single port is
a safety and reliable new flexible endoscopic surgery.
Local injection of saline to the gallbladder bed makes it
easier to resect the gallbladder bed from the liver. After
complete dissection of the gallbladder bed, the neck
of the gallbladder was clipped and cut safer and easier
using ring-shaped thread method.

In vivo dogs’ experiments

Two dogs (11 and 13-mo-old female Beagle) were
used in this study (Hokuzan Rabesu Co., Nagano,
Japan). Animal experiments were performed in the
Preclinical Animal Laboratory of Kagawa University,
Japan. A dog was maintained in a pathogen-free
facility under controlled temperature (24 ± 2 ℃) and
humidity (55% ± 5%), with a 12-h light/dark cycle.
All experimental procedures were performed according
to the guidelines for the care and use of animals as
established by Kagawa University.
The items examined were as follows: (1) The opera
tion success rate with long survival; (2) The operation
times from general anesthetizing to finishing the
closure of the blunt port site; and (3) The resection
times of gallbladder bed.

Mori H, Kobayashi N, Kobara H, Nishiyama N, Fujihara S, Chiyo
T, Ayaki M, Nagase T, Masaki T. Novel and safer endoscopic
cholecystectomy using only a flexible endoscope via single port.
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URL: http://www.wjgnet.com/1007-9327/full/v22/i13/3558.htm
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INTRODUCTION
In 2004, since Kalloo et al reported a study on the
observation of abdominal cavity through stomach
using oral flexible endoscope following incision of the
stomach, natural orifice translumenal endoscopic
surgery (NOTES) using flexible endoscope has attracted
[1-4]
attention as a minimally invasive surgical method .
It was impossible to suddenly succeed in developing
a surgical method equivalent to laparoscopic surgery
from the viewpoint of safety. On the other hand,
laparoscopy and endoscopy cooperative surgery
(LECS) was rapidly developed in Japan for the partial
[5-9]
gastrectomy of gastric and duodenal tumors . LECS
is based on excellent concept of the combination and
collaboration with endoscopist and surgeon, in other
words, taking advantages of both flexible and rigid
endoscopes to achieve super minimal invasive surgery.
By using the LECS concept and the technique of
endoscopic submucosal dissection (ESD), we inves
tigated whether endoscopic cholecystectomy could be
performed more safely and rapidly via only single port
or not.

Experimental devices

Endoscopes: OLYMPUS GIF TYPE Q260J (Olympus
Co. Tokyo, Japan). CO2 insufflation device: OLYMPUS
UCR (Olympus Co. Tokyo, Japan); Endoscopic knives:
Dual knife (KD-650L, Olympus Co. Tokyo, Japan);
Generator device: ERBE VIO300D (Elektromedizin,
Tübingen, Germany).

RESULTS
Under general anesthesia, only 1 port (12 mm in
diameter) was inserted using an open technique (Figure
2A). A flexible endoscope with a tip attachment was
inserted between the fundus of gallbladder and liver,
and a layer of loose connective tissue was opened.
Local injection of saline to the loose layer enabled
us to easily obtain sufficient space and dissect the
gallbladder from the liver without any damage or
bleeding (Figure 2B). After complete dissection of the
gallbladder bed (Figure 2C), the gallbladder was pulled
up to dissect its neck. A 3-0 absorbable ring-shaped
thread was placed via an endoscopic channel using
grasping forceps. One side of the ring was clipped
to the fundus of the gallbladder and the other to the
abdominal wall (Figure 2D). The third clip was hooked

MATERIALS AND METHODS
Conceptual images of endoscopic cholecystectomy via
single port

Only 1 blunt port was created, and a flexible en
doscope with a tip attachment was inserted between
the fundus of gallbladder and liver easily. Local in
jection of saline to the gallbladder bed enabled us to
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F

Figure 1 Conceptual images of endoscopic cholecystectomy via single port. A: Local injection of saline to the gallbladder bed; B: Resection of the gallbladder
from the liver was performed without any damage or bleeding due to sufficient space of local injection; C: A ring-shaped thread was placed, and one side of the
ring was clipped to the fundus of the gallbladder and the other to the abdominal wall; D: The third clip was hooked to 1 side of the ring-shaped thread. The thread
was hooked crosswise to the 2 supporting points of the gallbladder and abdominal wall; E: The neck of the gallbladder was cut using scissor forceps; F: Resected
gallbladder was retrieved using endoscopic net forceps.

A

B

C

D

Figure 2 In vivo two dogs’ experiments. A: Under general anesthesia, only 1 port (12 mm in diameter) was inserted using an open technique; B: A flexible
endoscope with a tip attachment was inserted between the fundus of gallbladder (blue arrow) and liver (red arrow), and a layer of loose connective tissue was opened
(yellow arrow); C: Complete dissection (yellow arrow) of the gallbladder bed (blue arrow) from liver (red arrow); D: One side of the ring-shaped thread was clipped to
the fundus of the gallbladder and the other to the abdominal wall (yellow arrow).
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A

B

C

D

Figure 3 The ring-shaped thread technique. A: The thread was hooked crosswise to the 2 supporting points (yellow arrow) of the gallbladder (blue arrow) and
abdominal wall. Red arrow revealed the liver; B: The neck of the gallbladder was cut using scissor forceps (yellow arrow: neck of the gallbladder; blue arrows:
gallbladder vein; red arrow: gallbladder artery; green arrow: cystic duct); C: The gallbladder was completely resected and put upon (blue curved arrow) the liver (red
arrow); D: Resected gallbladder bed was very smooth without blood and damage.

cholecystectomy (SP-LC) safely, it is still challenging,
limited and risky for surgeon to perform SP-LC in the
[12]
city hospital . In this experiment, to create 12 mm-1
ports in right hypochondriac region made it possible
to complete flexible endoscopic cholecystectomy very
easy and safety. When a flexible endoscope with a tip
attachment was inserted between the gallbladder and
liver, a layer of loose connective tissue was opened
very easily. Moreover, local injection of saline to the
loose layer to obtain sufficient space and dissect the
gallbladder bed more safely. After complete dissection
of the gallbladder bed, the neck of the gallbladder
was clipped and cut using scissor forceps easily. The
Ring-shaped thread technique was very useful to pull
up the gallbladder and resect its neck. Endoscopic
cholecystectomy using only one flexible endoscope via
single port was as safe and feasible as laparoscopic
cholecystectomy.
There are 3 advantageous points in this procedure
(EC). We described these advantages as follows: (1)
Reduction of port: In general, we perform laparoscopic
cholecystectomy creating 4 ports by open technique
(1 blunt port 12 mm in diameter in umbilical portion
which is used to insert a rigid endoscopic camera and
make pneumoperitoneum to keep stable pressure,
1 port 12 mm in diameter in epigastric region, 2
port 5 mm in diameter in Rt. hypochondriac regions
to assist pulling up the fundus of the GB). In this
technique (EC), the most innovative points are not

to 1 side of the ring-shaped thread. The thread was
hooked crosswise to the 2 supporting points of the
gallbladder and abdominal wall and clipped (Figure
3A). After the neck of the gallbladder was cut using
scissor forceps extending it and placing 2 clips on the
central side and 1 clip on the peripheral side (Figure
3B), successful resection of the gallbladder was
completed (Figure 3C). Resected gallbladder bed was
very smooth without blood (Figure 3D).
The operation times from general anesthetizing
with sevoflurane to finishing the closure of the blunt
port site were about 50 min and 60 min respectively.
The resection times of gallbladder bed were about 15
min and 13 min respectively without liver injury and
bleeding at all. Feed were given just after next day of
operation, and they had a good appetite.
Two dogs are in good health now and no com
plications for 1 mo after endoscopic cholecystectomy
using only a flexible endoscope via one port.

DISCUSSION
Laparoscopic cholecystectomy (LC) has been esta
[10,11]
blished and performed safely all over the world
.
As LC is safe and well-established surgical procedure,
it needs to create 4 ports (5 mm-3 ports in right
hypochondriac region, 12 mm-1 blunt (camera)
port in the umbilical portion). Although high volume
centers are able to perform single port laparoscopic
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Innovations and breakthroughs

only to approach to the GB via single blunt port in Rt.
hypochondriac region and make pneumoperitoneum
keeping stable pressure, but also to use functional
advantages of flexible endoscope such as cleaning
its lens function, water jet function and manual
insufflation/deflation function under stable pressure
by pneumoperitoneum system of the blunt port. The
concept of this technique (EC) isn’t similar to the
NOTES at all, but LECS concept which approached via
port created at the abdominal wall. This procedure
(EC) requires only 1 port via abdominal wall without
perforation of the gut wall to approach the abdominal
cavity and GB bed; (2) Direction of approach to the
GB: Single incision laparoscopic surgery (SILS) needs
higher surgical technique than this technique using
a flexible endoscope. This is because the approach
direction by SILS is from the perpendicular direction
to the GB bed, and this makes it difficult to resect
GB without minor injury and bleeding of the liver.
On the other hand, in the EC procedure, we can
approach the GB bed from the parallel direction. It
is very easy to inject the natural saline to the GB
bed and dissect it using attachment from parallel
direction by a flexible endoscope using endoscopic
submucosal dissection (ESD) method; and (3) The
Ring-shaped thread technique: After dissected GB bed,
it is difficult to obtain clear surgical view at the Calot
triangle. However, the ring thread is inserted into the
GB through the endoscopic channel using grasping
forceps. After clipped at 2 points, the third clip hooks 1
side of the ring thread and slides the thread crosswise
to pull up the GB and is then clipped.
In this study, there are several limitations as follows
and needed more animal experiments to confirm
safety of EC: (1) Small number experiments; and (2)
EC requires endoscopist to learn the anatomy of only
the Calot triangle and its anomaly.
We are sure of the feasibility of this surgical
procedure “endoscopic cholecystectomy via single
port’’ for human.

Local injection of saline to the gallbladder bed made it possible to resect the
gallbladder bed more rapidly and safely. The Ring-shaped thread technique
was very useful to pull up the gallbladder and resect its neck.

Applications

Endoscopic cholecystectomy using only one flexible endoscope via single port
was as safe and feasible as laparoscopic cholecystectomy.

Peer-review

Quite sure that the feasibility of this surgical procedure “endoscopic
cholecystectomy via single port’’ for human.
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AIM: To investigate the effect of Euphorbia esula (E.
esula ) extract in inhibiting proliferation and inducing
apoptosis in SGC-7901 cells.
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METHODS: E. esula extract at different concentrations
was used to inhibit proliferation and induce apoptosis of
human gastric carcinoma SGC-7901 cells. Inhibition of
proliferation was detected with thiazolyl blue assay, and
apoptosis was detected with fluorescence microscopy,
transmission electron microscopy, and flow cytometry.
The mechanisms were studied by measurement of
caspase-3 and caspase-8 activities and Bax and Bcl2
mRNA expression.
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RESULTS: The thiazolyl blue assay showed that
SGC-7901 cell viability and proliferation were in
hibited significantly by E. esula extract in a timeand concentration-dependent manner. Fluorescence
microscopy revealed that the cell nuclei showed the
characteristic changes of apoptosis, such as uneven
staining and chromatin marginalization. Some key
features of apoptosis were also observed under
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transmission electron microscopy, which included cellular
shrinkage and the foaming or bubbling phenomenon.
When the cells were analyzed by flow cytometry, a
sub-G1 peak could be seen clearly. Spectrophotometric
assay of caspase-3 and caspase-8 activities in the
treated cells showed an approximately two-fold increase.
Reverse transcriptase polymerase chain reaction showed
that Bax mRNA expression was upregulated, while Bcl2
mRNA expression was downregulated.
CONCLUSION: E. esula extract inhibited proliferation
and induced apoptosis in SGC-7901 cells, in a caspasedependent manner, involving upregulation of Bax and
downregulation of Bcl2 .

Figure 1 Euphorbia esula Linn collected in Yan'an, China in June.
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extracted the latex from the herb with water at room
temperature or 4 ℃, and used the extract to induce
apoptosis in the SGC-7901 cell line, a continuous cell
line originally isolated from human gastric carcinoma.
Gastric carcinoma is the leading cause of cancer
mortality in rural China and the second most common
[5]
cause worldwide, including Chinese cities .
Our study demonstrated that E. esula extract
inhibited proliferation and induced apoptosis in
SGC-7901 cells. The action was caspase dependent
and involved upregulation of Bax gene transcription
and downregulation of Bcl2 gene transcription.

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

Core tip: Latex of Euphorbia esula (E. esula ) is used to
treat benign growths in traditional Chinese medicine.
This led us to design an experiment to establish
whether latex of E. esula can cause apoptosis. We
found that E. esula extract inhibited proliferation
and induced apoptosis in SGC-7901 cells, and that
the action was caspase dependent and involved
upregulation of Bax gene and downregulation of Bcl2
gene.

MATERIALS AND METHODS
Preparation of E. esula extract
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The aboveground part of wild E. esula was collected
from the area around Yanan City in early June (Figure
1). The fresh herb was washed clean, first with running
water and then with ultrapure water, and cut into small
pieces. Latex of the plant was gathered by squeezing
the plant pieces in ultrapure water with a machine,
and the fluid was filtered with analytical filter paper
(slow type ) at 4 ℃. The resulting liquid, which was
clear and brown in color, was air-dried at 50 ℃. The
dry substance was weighed and then dissolved and
diluted with ultrapure water to obtain a concentration
of 20 g/L. The final solution was made aseptic by
passing through a 220-nm filter membrane (Minisart;
Sartorius, Goettigen, Germany) and stored at -20 ℃.

INTRODUCTION
Euphorbia esula (E. esula) Linn is a herbaceous
perennial plant belonging to the family Euphorbiaceae,
which is native to many countries in the world,
[1-4]
including China . One of the characteristic features
of the plant is its abundance of latex; a kind of white
milk-like fluid that readily flows out when the stem
or leaf of the plant is broken. For that reason, the
plant is also known as milky juice herb in some areas
of China. One major use of this plant in traditional
Chinese medicine is to treat skin warts (a kind of noncancerous growth, or papilloma). The fresh latex of
the plant is applied several times to the surface of the
growth, which results in gradual shrinkage and final
disappearance of the lump.
This prompted us to speculate whether certain
ingredients in the latex cause apoptosis in the wart
cells. In the present study, we collected the fresh
wild plant from the mountainous area of Yanan,
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Cell line maintenance

Human gastric carcinoma cell line SGC-7901 was
obtained from the Cell Resource Center of Shanghai
Institutes for Biological Sciences, Chinese Academy of
Sciences (Shanghai, China). The cells were maintained
in modified RPMI 1640 medium (Hyclone; Thermo
Fisher Scientific, Beijing, China) supplemented with
2.05 mmol/L L-glutamine, 100 mL/L fetal bovine
serum (FBS; Hangzhou Sijiqing Biological Engineering
Materials, Hangzhou, China), 100 U/mL penicillin, and
100 mg/L streptomycin, and incubated at 37 ℃ with
50 mL/L CO2, and 95% humidity.
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Cell viability assay with thiazolyl blue reagent

2.0 mL RPMI 1640 containing 100 mL/L FBS only
was added. After incubating for 24 h under the same
conditions, the used culture medium was discarded
and 500 μL 5 mg/L Hoechst 33258 (Sigma-Aldrich)
was added to the coverslip of each well and allowed to
stain in the dark at room temperature for 5 min. The
coverslips were removed from the wells and each was
mounted on a glass slide with the cell side downward.
Nuclear morphological changes were observed using
fluorescence microscopy excited by a UV light source
(excitation 352 nm, emission 461 nm).

SGC-7901 cells cultivated to logarithmic phase were
digested with 2.5 g/L trypsin and a cell suspension
4
of 6 × 10 cells/mL was made with RPMI 1640
containing 100 mL/L FBS. The cells were seeded in
two 96-well culture plates (NUNC microwell plates,
Thermo Scientific, Roskilde, Denmark), 100 μL per well
and incubated at 37 ℃ with 50 mL/L CO2 and 95%
humidity. Twenty-four hours later, when the cells had
grown to approximately 70% confluence, the culture
medium was replaced with the same volume of fresh
100 mL/L FBS-RPMI 1640 medium containing different
concentrations of E. esula extract at 5, 10, 20, 40, 80
and 160 mg/L; there were eight wells for each dilution.
The culture medium in an additional eight wells was
replaced with the same culture medium without E.
esula extract, 100 μL per well also, to be used as a
control. The cells were further incubated for 24 h for
one plate and 48 h for the other. At the end of the
incubation, thiazolyl blue (Sigma-Aldrich, St Louis, MO,
United States) solution at 5 mg/mL was added to all
of the wells at 20 μL per well. After further incubating
at 37 ℃ , 50 mL/L CO2, for 4 h, the supernatant
containing thiazolyl blue was discarded and dimethyl
sulfoxide was added to all wells at 150 μL per well. The
plate was oscillated slowly with a horizontal oscillator
for 10 min to dissolve the Formazan crystals fully. After
that, the optical density (OD) of the testing wells and
the control wells was obtained at 490 nm wavelength
with a Microplate reader (Model 680; Bio-Rad, United
States). The arithmetic means of the eight wells for
each dilution and the control wells were taken to draw
a dose-response relationship polygon curve. Rates
of cell proliferation inhibition were calculated using
the following formula: cell viability inhibition rate =
(average OD value of control wells - average OD value
of testing wells)/average OD value of control wells.

Examination of SGC-7901 cell apoptosis using
transmission electron microscopy

SGC-7901 cells in logarithmic phase, prepared at a
4
density of 3 × 10 cells, were seeded in a six-well
culture plate (2 mL per well) and cultured at 37 ℃ and
50 mL/L CO2 for 24 h. The cell culture medium was
replaced with 100 mL/L FBS-RPMI 1640 containing 40
mg/L of E. esula extract. For control wells, only 100
mL/L FBS-RPMI 1640 culture medium was added.
After cultivation at 37 ℃ and 50 mL/L CO2 for 24 h,
cells were harvested with 2.5 g/L trypsin digestion,
rinsed with PBS, and pelleted at 290 × g for 6 min.
The cell pellets were fixed with 1.5 g/L glutaraldehyde
for 90 min, rinsed three times with 0.18 mol/L sucrose,
and, after lying overnight, post-fixed in 1 g/L osmium
tetroxide for 1 h, and rinsed. The cells were dehydrated
in a graded series of ethanol, soaked in a mixture of
an equal volume of ethanol and embedding medium
at 37 ℃ for 3 h, and embedded in epoxy resin. The
blocks were cut using a Leica ultramicrotome. The
slices were stained with uranyl acetate and lead
citrate and examined using a JEM-1011 transmission
electron microscope (JEOL, Japan); photographs of
representative fields were taken.

Flow cytometry analysis of SGC-7901 cell apoptosis

Fluorescence microscopic detection of SGC-7901 cell
apoptosis after E. esula extract treatment

SGC-7901 cells were seeded in two six-well plates
4
at 6 × 10 /mL in RPMI 1640 containing 100 mL/L
FBS (2 mL per well) and cultivated at 37 ℃ with 50
mL/L CO2 and 95% humidity. Twenty-four hours later,
when the cell monolayer reached approximately 80%
confluence, the old culture medium of one of the two
plates was discarded, and the cells were treated with
E. esula extract at concentrations of 40 and 80 mg/
L, and diluted with RPMI 1640 containing 100 mL/L
FBS. Both plates were cultivated continually under
the same conditions. Twenty-four hours later, cells
of the other plate were treated with E. esula extract
in the same way. The culture medium of the control
wells was replaced with the same volume of RPMI
1640 containing 100 mL/L FBS. After culturing for
a further 24 h, the cells were collected with 2.5 g/L
trypsin digestion, passed through a 400-mesh nylon
screen (38-µm sieve opening) to eliminate any cell
clumps, and washed twice with ice-cold PBS. After

SGC-7901 cells were cultured until the monolayer
reached approximately 80% confluence. The cells
were digested with 2.5 g/L trypsin and made into
4
a suspension of 6 × 10 cells/mL with RPMI 1640
containing 100 mL/L FBS. A sterile coverslip was
placed on the bottom of each well of a six-well culture
plate, and 500 μL of the cell suspension was applied
to the center of each coverslip. After 2 h incubation
at 37 ℃ with 50 mL/L CO2 and 95% humidity, 1.5 mL
of cell culture medium (RPMI 1640 containing 100
mL/L FBS) was added to each well of the six-well
culture plate, which was then put into the incubator
for further cultivation. Twenty hours later, after
removing the used culture medium, E. esula extract
at concentrations of 40 and 80 mg/L, diluted with
RPMI 1640 containing 100 mL/L FBS, was added to
the testing wells; 2.0 mL per well. For control wells,
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cells were harvested with 2.5 g/L trypsin, washed with
ice-cold PBS and pelleted at 290 × g, for 6 min. Total
RNA was extracted using TRIzol reagent (Invitrogen,
Carlsbad, CA, United States). Diethylpyrocarbo
nate water was used to dissolve the RNA. A small
amount was taken from all extracted total RNA
samples for quality and quantity analysis using UV
spectrophotometry and agarose gel electrophoresis.
The extracted RNA samples were stored at -80 ℃
until further use. Reverse transcription for cDNA was
performed using 1 μg total RNA in a reaction volume
of 20 μL. Two microliters of cDNA product was taken to
perform PCR amplification in a 25-μL reaction system.
β -Actin gene was used as an internal reference to
normalize the expression of the target genes. Primer
sequences of the Bax, Bcl2 and β -actin genes are
shown in Table 1. The PCR mixture was subjected
to 30 cycles with the following conditions: activation
at 95 ℃ for 5 min; denaturation at 95 ℃ for 5 s;
annealing at 62 ℃ for 10 s; and extension at 60 ℃ for
10 s. Finally, the PCR products were subjected to 1.5%
agarose gel electrophoresis separation.

Table 1 Primer sequences of Bax , Bcl-2 and β-actin genes
Gene

Forward primer

Backward primer

Bax
TTTGCTTCAGGGTTTCATCC GGAGGAAGTCCAATGTCCAG
Bcl-2 GGATGCCTTTGTGGAACTGT ATTCGACGTTTTGCCTGAAG
β -actin GAAAATCTGGCCACCCACCT GGGGTGTTGAAGGTCTCAAA

the second wash, the cell pellets were resuspended
with ice-cold 70% ethanol and placed at 4 ℃ for 30
min (ethanol fixation). The cells were washed again
with ice-cold PBS and resuspended with ice-cold
RNase solution (BioDev-Tech, Beijing, China, kept at
-20 ℃ , diluted with ice-cold PBS at 50 mg/L), and
kept at room temperature for 20 min. Finally, the cells
were centrifuged at 129 × g for 5 min, resuspended
with 1 mL ice-cold PBS, and kept at -20 ℃ until use.
When we were ready for flow cytometry analysis, 100
μL propidium iodide (Sigma-Aldrich) solution (100
mg/L) was added to 1 mL cell suspension and mixed
thoroughly. After keeping at room temperature in the
dark for 30 min, the apoptotic peak (sub-G1 peak) was
detected using a flow cytometer (Beckman Coulter,
United States).

Statistical analysis

Experimental data were presented as the mean ± SD.
Differences between treatments and controls, and
among different treatment groups, were assessed
2
by analysis of variance or a χ test. P < 0.05 was con
sidered statistically significant.

Spectrophotometry of caspase-3 and caspase-8 activity
in cells treated with E. esula extract
2

SGC-7901 cells incubated in 25-cm culture flasks
at 37 ℃ with 50 mL/L CO2 and 95% humidity were
allowed to grow to approximately 80% confluence,
and then E. esula extract was added at a final
concentration of 40 mg/L and the cells were incubated
again under the same conditions. Twenty-four hours
later, the cells were harvested with 2.5 g/L trypsin
digestion and washed with ice-cold PBS. After the
supernatant was removed, cell lysis buffer was added
6
(50 μL lysis solution for 2 × 10 cells) and the cells
were resuspended and kept in an ice bath for 30 min.
During that time, vortex oscillation of the centrifugal
tube was carried out four times for 10 s each. The
cell lysate was centrifuged at 4 ℃, 12879 × g for 15
min. The supernatant was transferred carefully to a
new centrifuge tube and placed on ice. Caspase-3
and caspase-8 activities were measured immediately
according to the instructions of Caspase Activity
Colorimetric Assay Kit (Nanjing Biobox Biotech. Co.
Ltd, Nanjing, China). OD values were read at 405 nm
using a Microplate reader (Model 680; Bio-Rad).

RESULTS
Viability of SGC-7901 cells after treatment with E. esula
extract detected with thiazolyl blue assay

The thiazolyl blue assay showed that the viability
or proliferative activity of human gastric carcinoma
SGC-7901 cells was significantly inhibited by E.
esula extract, in an obvious time- and concentrationdependent manner. SGC-7901 cells treated with
different concentrations of E. esula extract all showed a
significant inhibitory effect compared with the controls
(P < 0.01). With the increasing drug concentration,
there was a significant trend of intensification of cell
growth inhibition (P < 0.01). The inhibitory effect was
more notable with treatment for 48 h than 24 h (P <
0.05) (Table 2).

Apoptotic nuclear morphology observed using
fluorescence microscopy after treating SGC-7901 cells
with E. esula extract

Reverse transcriptase polymerase chain reaction
detection of dose-effect dependence of Bax and Bcl2
mRNA expression after E. esula extract treatment

SGC-7901 cells were treated with E. esula extract,
stained by fluorescent dye Hoechst 33258, and
examined under a UV-excited fluorescence microscopy.
The nuclei of all cells were blue in color. The cells
that were treated with E. esula extract showed the
characteristic nuclear morphological changes of
apoptosis, such as nuclear condensation and uneven

2

SGC-7901 cells were seeded in four 25-cm culture
flasks and allowed to grow to approximately 80%
confluence. The cells were treated with E. esula extract
at concentrations of 20, 40 and 80 mg/L. One of the
flasks was used as a control. After 24 h incubation, the
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Table 2 Inhibition of SGC-7901 cells by Euphorbia esula
extract
E. esula
(mg/L)
0 (control)
5
10
20
40
80
160

OD490 (mean ± SD)
24 h
0.827 ± 0.020
0.728 ± 0.018b
0.645 ± 0.020b,d
0.574 ± 0.019b,d
0.447 ± 0.017b,d
0.338 ± 0.021b,d
0.269 ± 0.019b,d

48 h
0.818 ± 0.021
0.712 ± 0.020b
0.620 ± 0.019b,d
0.501 ± 0.018b,c,d
0.397 ± 0.015b,c,d
0.274 ± 0.017b,c,d
0.214 ± 0.016b,c,d

A1

A2

B1

B2

C1

C2

Inhibition rate (%)
24 h

48 h

0
11.97b
22.00b,d
30.59b,d
45.95b,d
59.13b,d
67.47b,d

0
12.96b
24.21b,d
38.75b,c,d
51.47b,c,d
66.50b,c,d
73.84b,c,d

P < 0.01 vs control; dP < 0.01 vs previous concentration; cP < 0.05 vs 24 h
treatment. n = 8. E. esula: Euphorbia esula.
b

staining, chromatin marginalization, and nuclear
debris. In addition, enhancement of blue fluorescence
was observed in the nuclei of these cells. The apoptotic
nuclear morphological changes were more prominent
in the cells treated with 80 mg/L E. esula extract than
those treated with 40 mg/L extract. In contrast, the
nuclei of the control cells showed a shallower and
evenly distributed blue color (Figure 2).

Morphological changes of SGC-7901 cells after
treatment with E. esula extract observed with
transmission electron microscope

After treatment with E. esula extract at 40 mg/L for
24 h, SGC-7901 cells showed some characteristic
features of apoptosis under the transmission electron
microscope. These included cellular shrinkage, foaming
or bubbling of cytoplasm, as well as chromatin
condensation and marginalization. The untreated
control cells did not show these phenomena (Figure 3).

Figure 2 Nuclear morphological changes observed using a fluorescence
microscopy in SGC-7901 cells treated with Euphorbia esula extract at
different concentrations and for 24 h, stained by Hoechst 33258. A1:
Untreated, magnification × 200; A2: Untreated, magnification × 1000; B1: 40
mg/L, magnification × 200; B2: 40 mg/L, magnification × 1000; C1: 80 mg/L,
magnification × 200; C2: 80 mg/L, magnification × 1000.

Flow cytometry showed an apoptotic peak in SGC-7901
cells treated with E. esula extract

SGC-7901 cells were 1.98 and 1.73, respectively, as
determined by the following formula: Fold increase =
mean OD of testing wells - mean OD of blank wells)/
mean OD of control wells - mean OD of blank wells.

SGC-7901 cells were treated with 40 and 80 mg/L E.
esula extract for 24 and 48 h and were detected by
flow cytometry. Sub-G1 or the apoptotic peak, which is
a characteristic feature of cells undergoing apoptosis,
resulting from cellular DNA loss, could be seen clearly,
and was more obvious in cells treated with the higher
concentration and for a longer period. The untreated
SGC-7901 cells did not show this feature (Figure 4).

Dose-dependent alteration of Bax and Bcl2 mRNA
expression in SGC-7901 cells treated with E. esula
extract

RT-PCR and agarose gel electrophoresis showed a
dose-dependent increase in the Bax mRNA expression
level and a dose-dependent decrease in the Bcl2
mRNA expression level in SGC-7901 cells treated with
E. esula extract. Bax mRNA expression increased with
increasing concentration of E. esula extract, whereas
Bcl2 mRNA expression decreased with increasing
concentration of E. esula extract (Figure 6).

Caspase-3 and caspase-8 activation in SGC-7901 cells
treated with E. esula extract

After treating SGC-7901 cells with 40 mg/L E. esula
extract for 24 h, caspase-3 and caspase-8 activities
were measured by a colorimetric assay, and mean
OD405 values were obtained from blank wells, control
wells and E. esula extract-treated wells, which were
0.038, 0.195 and 0.349 for caspase-3 (Figure 5A),
and 0.038, 0.162 and 0.252 for caspase-8 (Figure
5B), respectively. The fold-increases of caspase-3
and caspase-8 activity in E. esula extract-treated
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DISCUSSION
Malignant tumors are a serious threat to human
health, and their morbidity and mortality are among
[5]
the highest of all disease categories worldwide .
Looking for effective anti-tumor drugs with fewer side
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A

B

3 mm

3 mm

Figure 3 Morphology of SGC-7901 cells observed using a transmission electron microscope. A: After treatment with 40 mg/L Euphorbia esula extract for 24 h; B:
Untreated cells. Bar = 3 μm.
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Figure 4 Flow cytometry detection of the apoptotic peak. SGC-7901 cells were treated with different concentrations of Euphorbia esula (E. esula) extract and flow
cytometry was performed at three time points. A: Untreated SGC-7901 cells used as a control; B: Treated with 40 mg/L E. esula extract; C: Treated with 80 mg/L E.
esula extract.
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Blank: PBS; Control: SGC-7901 cells without treatment; Testing:
SGC-7901 cells treated with 40 mg/mL Euphorbia esula extract.

Figure 5 Activation of caspase-3 and caspase-8 in SGC-7901 cells after treatment with Euphorbia esula extract, measured using spectrophotometry.
Concentration of Euphorbia esula extract: 40 mg/L; duration of treatment: 24 h; n = 3.

A

(1)

(2)

(3)

of natural resources for medications is becoming even
more prevalent. At the present time, the phrase natural
medicine has become an attractive and frequently
used term in the medical profession, as well as among
lay people, and searching for active ingredients from
natural resources for health care and for the prevention
and treatment of diseases has become a major trend
worldwide. Many researchers believe that in the near
future, natural medicines will become the mainstream
[13]
medical market .
In the present study, we used a fresh aqueous
extract from E. esula Linn to induce apoptosis in
human gastric carcinoma SGC-7901 cells and found
that it reduced cellular viability and induced apoptosis.
We also investigated the underlying mechanisms and
found that the activity of caspase-8 was 1.73-fold
increased, that of caspase-3 was 1.98-fold increased,
the expression of Bax mRNA was upregulated and the
expression of Bcl2 mRNA was downregulated. These
results indicated that E. esula extract/latex must
contain some ingredients that inhibit SGC-7901 cell
proliferation and induce apoptosis; the latter being
dependent on activation of caspases and regulated by
Bax and Bcl2 gene products. The results suggested
that E. esula extract/latex induces SGC-7901 cell
apoptosis through extrinsic signaling or a membranereceptor-dependent pathway. In this pathway, the
extracellular inducer acts on membrane receptors that
transduce the triggering signal intracellularly through
[14,15]
several steps and leads to caspase-8 activation
.
The process is usually regulated by a balance between
the proapoptotic proteins, such as Bax, Bid, Bak and
Bad, and the antiapoptotic proteins, such as Bcl2 and
Bcl-XL, and might involve alteration of mitochondrial
membrane permeability and release of cytochrome
[16-18]
C
. Finally, the apoptotic effector molecule
caspase-3 is activated and the cell death program is
[19]
executed . It is not clear whether caspase-9 is also
involved in the process of E. esula extract-induced
SGC-7901 cell apoptosis.

(4)
400 bp
300 bp
200 bp
100 bp
50 bp

Bax gene
b-actin gene

Euphorbia esula extract concentration: (1) 10 mg/mL,
(2) 20 mg/mL, (3) 40 mg/mL, and (4) 80 mg/mL.

B

(1)

(2)

(3)

(4)
400 bp
300 bp
200 bp
100 bp
50 bp

Bcl2 gene
b-actin gene

Euphorbia esula extract concentration: (1) 80 mg/mL,
(2) 40 mg/mL, (3) 20 mg/mL, and (4) 10 mg/mL.

Figure 6 Agarose gel electrophoresis of RT-PCR products showing dosedependent alterations of Bax and Bcl2 gene expression in SGC-7901 cells
treated with Euphorbia esula extract. A: Bax mRNA level increased with
the concentration of Euphorbia esula (E. esula) extract; B: Bcl2 mRNA level
increased with decreased concentration of E. esula extract.

effects is a great challenge and an urgent task for
the entire medical and pharmacological community.
Currently, extracting ingredients from plants or other
natural resources to be used as anti-tumor drugs is a
[6-8]
noteworthy direction in research .
Chemically synthesized drugs reached their peak
phase in the western world during the 1950s and
1960s, but since the 1970s, people have become more
conscious of the undesired aspects of chemical synthetic
drugs, that is, their side effects and toxicity. In the
meantime, natural drugs, because of their fewer side
effects and lower toxicity, have gradually been taken
seriously. In addition, natural medicines have lower
[9-12]
development costs than chemical synthetic drugs
.
st
In entering the 21 century, under the influence of the
transformation of medicine model and the new concept
of “returning to nature”, the exploration and research
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their advantages of fewer side effects and lower toxicity, natural medicines have
lower development costs than chemical drugs. As a result, the exploration and
research of natural resources for medications is becoming more prevalent.

E. esula latex is used to treat skin warts in traditional
Chinese medicine. Both skin warts and cervical cancers
are caused by human papillomaviruses (HPVs); there
fore, when we initially designed the experiments to
test whether E. esula induces apoptosis, we naturally
thought of using a cell line that originated from
cervical cancer and the HeLa cell line was the choice. A
preliminary comparative study using E. esula extract to
induce apoptosis in the HeLa cell line and several other
cancerous cell lines including human gastric carcinoma
SGC-7901 cells, human lung cancer A549 cells, human
liver cancer HepG2 Cells, and human breast cancer
MCF-7 cells showed that E. esula induced apoptosis in
all these cell lines, but that there were no significant
differences between HeLa cells and the other cell lines
in their response to E. esula treatment (unpublished
work). The results suggested that E. esula might not
exert its action interfering with HPV carcinogenesis
or HPV oncogene/oncoprotein actions. Thus, we
used human gastric carcinoma SGC-7901 cells in our
research because gastric cancer is the second leading
cause of cancer-related death in the world (and is the
number one in most Chinese rural areas, including
the countryside around the city in which the authors
work). The fact that E. esula did not show significant
differences in inducing apoptosis among different
cancerous cell lines could be an advantage, because if
we could isolate the effective ingredient(s), it might be
used to treat cancers of other tissue origins. It is not
clear yet whether E. esula extract induces apoptosis
more effectively in cancer cells than non-cancerous
cells. If the answer is yes then the drug made from E.
esula effective ingredient(s) would be very promising;
if not, a technique should be established to deliver the
drug to/into cancer cells.
To study further the mechanisms of E. esula extractinduced SGC-7901 cell apoptosis, we could detect the
subcellular distribution of cytochrome C and measure
the enzymatic activity of caspase-9 in E. esula extracttreated SGC-7901 cells. Future experiments will also
include a comparison between primary cultures of
normal tissues and continuous cell lines to see if there
are any differences in their responses to E. esulainduced apoptosis. In particular, future work should
include the isolation and identification of the effective
ingredient(s) in E. esula extract that inhibit cancer
cell proliferation and trigger cancer cells to undergo
apoptosis.

Innovations and breakthroughs

This study showed clearly that E. esula extract inhibited proliferation and
induced apoptosis effectively in SGC-7901 cells, a cancerous cell line originally
isolated from human gastric carcinoma, and that the action was caspase
dependent.

Applications

After the effective ingredient in E. esula that inhibits cancer cell proliferation
and triggers cancer cells to undergo apoptosis is isolated or extracted, it can be
used to develop medicines for clinical use.

Terminology

E. esula Linn is an herbaceous perennial plant belonging to the family
Euphorbiaceae. The plant is rich in a type of milky juice or latex.
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Abstract

Institutional review board statement: The study was revised
and approved by the Fifth Affiliated Hospital of Xinjiang Medical
University Institutional Review Board.

AIM: To investigate the regulatory effect of Vδ1 T
cells and the antitumor activity of Vδ2 T cells in rectal
cancer.

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 First
Affiliated Hospital of Soochow University (IACUC protocol
number: 2013-10-13).

METHODS: Peripheral blood, tumor tissues and paracarcinoma tissues from 20 rectal cancer patients were
collected. Naïve CD4 T cells from the peripheral blood
of rectal cancer patients were purified by negative
+
selection using a Naive CD4 T Cell Isolation Kit Ⅱ
(Miltenyi Biotec). Tumor tissues and para-carcinoma
tissues were minced into small pieces and digested in
a triple enzyme mixture containing collagenase type
Ⅳ, hyaluronidase, and deoxyribonuclease for 2 h at
room temperature. After digestion, the cells were
washed twice in RPMI1640 and cultured in RPMI1640
containing 10% human serum supplemented with
L-glutamine and 2-mercaptoethanol and 1000 U/ml
of IL-2 for the generation of T cells. Vδ1 T cells and
Vδ2 T cells from tumor tissues and para-carcinoma
tissues were expanded by anti-TCR gδ antibodies. The
inhibitory effects of Vδ1 T cells on naïve CD4 T cells
were analyzed using the CFSE method. The cytotoxicity
of Vδ2 T cells on rectal cancer lines was determined by
the LDH method.
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cells in the epithelial-associated lymphoid tissue and
[3,4]
Vδ2 T cells in the peripheral blood . They differ in
their cytokine production and receptor expression,
[5]
Vδ2 T cells being more inflammatory , and Vδ1 T
[6]
cells having more of a regulatory phenotype . It has
been demonstrated that Vδ1 T cells express Foxp3,
and their number is substantially decreased in the
peripheral blood of patients with new-onset systemic
[6]
lupus erythematosus (SLE) . Vδ2 T cells have
predominantly been investigated in the context of
tumor immunosurveillance and host defense against
[7-10]
viral invasion
.
Rectal cancer is one of the most common causes of
[11]
cancer deaths worldwide . In recent years, combined
chemoradiotherapy followed by total mesorectal
excision (TME) has become the standard treatment
[12]
for patients with locally advanced rectal cancer .
Local excision is often considered a curative treatment
[13]
alternative to TME in early rectal cancer , however,
one of the limitations of this approach is that it is
[13]
impossible to determine the pN-category . Lymph
node involvement in rectal cancer is known to correlate
[14,15]
with T stage
. There is increasing evidence that
immune-profiling may help to predict clinical outcomes
in rectal cancer, possibly more reliably than TNM
classification or grading. There is evidence that a
low number of tumor-infiltrating lymphocytes (TILs)
predicts lymph node involvement in melanoma, gastric
[13,16-18]
cancer, breast cancer, and cervical cancer
. The
precise role of γδ T cells in the development of rectal
cancer remains elusive.
In this study, we found that the percentage of Vδ1 T
cells in rectal tumor tissues from rectal cancer patients
was significantly increased, whereas the percentage of
Vδ2 T cells in these tissues was significantly decreased.
The percentages of Vδ1 and Vδ2 T cells correlated with
the T stage of rectal cancer patients. To obtain Vδ1
and Vδ2 T cells, tumor tissues and para-carcinoma
tissues were minced into small pieces, digested with a
triple enzyme mixture containing collagenase type Ⅳ,
hyaluronidase, and deoxyribonuclease and stimulated
by anti-TCR γδ antibodies. After 14 d culture, the
percentage of Vδ1 T cells from para-carcinoma tissues
was 21.45% ± 4.64% and the percentage of Vδ2 T
cells was 38.64% ± 8.05%. The percentage of Vδ1 T
cells from rectal cancer tissues was 67.45% ± 11.75%
and the percentage of Vδ2 T cells was 8.94% ± 2.85%.
Functional assays demonstrated that tumor-infiltrating
Vδ1 T cells in rectal cancer patients have strong
inhibitory effects, and tumor-infiltrating Vδ2 T cells
displayed strong cytolytic activity. The inhibitory effects
of Vδ1 T cells and the cytolytic activity of Vδ2 T cells
from para-carcinoma tissues and from rectal cancer
tissues were not significantly different. Collectively,
these data suggest that an imbalance in the Vδ1 and
Vδ2 T cell percentages creates an immunosuppressant
microenvironment in rectal cancer tissues, which may
allow tumors to limit antitumor immunity and evade

tissues from rectal cancer patients was significantly
increased, and positively correlated with the T stage.
The percentage of Vδ2 T cells in rectal tumor tissues
from rectal cancer patients was significantly decreased,
and negatively correlated with the T stage. After culture
for 14 d with 1 mg/ml anti-TCR gδ antibodies, the
percentage of Vδ1 T cells from para-carcinoma tissues
was 21.45% ± 4.64%, and the percentage of Vδ2 T
cells was 38.64% ± 8.05%. After culture for 14 d, the
percentage of Vδ1 T cells from rectal cancer tissues
was 67.45% ± 11.75% and the percentage of Vδ2 T
cells was 8.94% ± 2.85%. Tumor-infiltrating Vδ1 T cells
had strong inhibitory effects, and tumor-infiltrating Vδ2
T cells showed strong cytolytic activity. The inhibitory
effects of Vδ1 T cells from para-carcinoma tissues and
from rectal cancer tissue were not significantly different.
In addition, the cytolytic activities of Vδ2 T cells from
para-carcinoma tissues and from rectal cancer tissues
were not significantly different.
CONCLUSION: A percentage imbalance in Vδ1 and
Vδ2 T cells in rectal cancer patients may contribute to
the development of rectal cancer.
Key words: Rectal cancer; T cells; Vδ1 T cells; Vδ2 T
cells; Foxp3; cytotoxicity
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The percentage of tumor-infiltrating Vδ1 T
cells in rectal cancer patients increased when T stage
increased, whereas the percentage of tumor-infiltrating
Vδ2 T cells in rectal cancer patients decreased as
T stage increased. Vδ1 T cells from rectal cancer
tissues had strong regulatory effects, and in rectal
cancer tissues the main infiltrating gδ T cells were
Vδ1 T cells. Although Vδ2 T cells from rectal cancer
tissues have strong cytotoxic effects, there was little
infiltration of Vδ2 T cells in rectal cancer tissues. Thus,
an immunosuppressant microenvironment was formed
in rectal cancer tissues, which may limit antitumor
immunity and allow tumors in rectal cancer patients to
evade immune surveillance.
Rong L, Li K, Li R, Liu HM, Sun R, Liu XY. Analysis of
tumor-infiltrating gamma delta T cells in rectal cancer. World J
Gastroenterol 2016; 22(13): 3573-3580 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i13/3573.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i13.3573

INTRODUCTION
T cells can be divided into two major subsets according
to their expression of rearranged adaptive T cell
[1]
receptors (TCRs, gδ T cells and ab T cells) . γδ T
cells, which represent a small subset (1%-10%) of
+
[2]
CD3 cells , can be divided into two subsets: Vδ1 T
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containing 1% BSA. The cells were analyzed using a
BD Accuri C6 flow cytometer (Becton Dickinson). Data
analysis was performed using FlowJo software (Tree
Star Inc.).

immune surveillance in rectal cancer patients.

MATERIALS AND METHODS
Patients

LDH assay

Twenty patients with rectal cancer were enrolled in this
study. The study was approved by the Fifth Affiliated
Hospital of Xinjiang Medical University (Xinjiang, China)
and written informed consent was obtained from each
participating patient. Peripheral blood, tumor tissues,
and para-carcinoma tissues were collected from the
patients.

To determine specific cytotoxicity, we used the CytoTox
®
96 Non-Radioactive Cytotoxicity Assay (Promega)
based on the calorimetric detection of the released
enzyme lactate dehydrogenase (LDH). HR8348 and
Vδ2 T cells were co-cultured at the ratios of 10:1,
20:1 and 30:1. Assays were performed in triplicate.
After 6 h at 37 ℃, 50 μl supernatant was assayed for
LDH activity following the manufacturer’s protocol.
Controls for spontaneous LDH release in effector
and target cells, as well as target maximum release,
were prepared. The percentage of cytotoxicity was
calculated as follows:
%Cytotoxicity = ([Experimental - Effector spon
taneous - Target spontaneous]/[Target maximum Target spontaneous]) × 100

Antibodies and reagents

RPMI-1640 medium and fetal bovine serum (FBS)
were obtained from Gibco; FITC-conjugated antihuman TCRgδ (IMMU510) was purchased from
Beckman Coulter Immunotech; APC-conjugated antihuman CD3 (HIT3a) and FITC-conjugated anti-human
TCR Vδ2 (B6) were purchased from Biolegend; FITCconjugated anti-human TCR Vδ1 (TS8.2) was obtained
from Pierce; a CellTrace™ CFSE Cell Proliferation Kit
®
was purchased from Invitrogen; the CytoTox 96 NonRadioactive Cytotoxicity Assay was purchased from
Promega; interleukin 2 was purchased from Read
United Cross Pharmaceutical Co., Ltd.

Statistical analysis

The results are expressed as mean ± SD. Data were
analyzed by t-test or one-way analysis of variance
(ANOVA) (SPSS version 16.0), followed by TukeyKramer multiple comparisons. In all analyses, the
minimum acceptable level of significance was p < 0.05.

Cells

To expand Vδ1 T cells and Vδ2 T cells in vitro, tumor
tissues and para-carcinoma tissues were minced into
small pieces and then digested with a triple enzyme
mixture containing collagenase type Ⅳ, hyaluronidase,
and deoxyribonuclease for 2 h at room temperature.
After digestion, the cells were washed twice in
RPMI-1640 and cultured in RPMI-1640 medium with
10% FBS and 200 IU/mL interleukin 2 in 24-well
culture plates coated with 1 μg/ml anti-pan-TCRγδ
mAb. The HR8348 (human rectal carcinoma) cell line
was obtained from the Cell Culture Center, Institute of
Basic Medicine, Chinese Academy of Medical Sciences.
HR8348 cells were cultured in complete RPMI-1640
medium with 10% FBS.

RESULTS
Percentage of Vδ 1 and Vδ 2 T cells in tumor tissue and
para-carcinoma tissue from rectal cancer patients

We first compared the percentages of total γδ T cells
and the Vδ1 and Vδ2 T subsets in tumor tissues and
para-carcinoma tissues from rectal cancer patients.
There was no significant difference in the percentage
of total γδ T cells in the tumor tissues and paracarcinoma tissues of rectal cancer patients (4.32%
± 0.026% vs 4.30% ± 0.037%, p > 0.05) (Figure
1A). The percentage of Vδ1 T cells in tumor tissues
was significantly greater than in para-carcinoma
tissues (2.58% ± 0.017% vs 1.03% ± 0.008%, p <
0.01) (Figure 1B), and the percentage of Vδ2 T cells
was significantly lower in tumor tissue than in paracarcinoma tissue (1.75% ± 0.012% vs 3.27% ±
0.032%, p < 0.05) (Figure 1C).

Flow cytometric analysis

Cells were washed with PBS containing 1% bovine
serum albumin (BSA) and incubated with surfacestaining antibodies for 30 min at 4 ℃. The cells were
then washed and resuspended in PBS. Cytometry data
were acquired using a BD Accuri C6 flow cytometer
(Becton Dickinson). Data analysis was carried out with
FlowJo software (Tree Star Inc.).

Correlation of Vδ 1 and Vδ 2 T cells with TNM stage in
rectal cancer patients

The percentage of peripheral Vδ1 T cells in rectal
cancer patients increased as T stage increased (Figure
2A), whereas the percentage of peripheral Vδ2 T cells
decreased as T stage increased (Figure 2B). However,
there was no significant correlation between N cate
gory or M category and the percentage of Vδ1 or Vδ2 T
cells (data not shown).

CFSE proliferation assay

Naïve CD4 T cells were labeled with CFSE and used as
the responder cells. The cells were cultured with Vδ1 T
cells in the dark at a ratio of 1:2. After 5 d in culture,
the cells were collected and washed twice with PBS
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figure 1 percentage of infiltrating gδT cells in 20 rectal cancer patients. Cells were stained with an anti-gδ TCR mAb, anti-Vδ1 mAb or anti-Vδ2 mAb and
analyzed by flow cytometry. The left panels show representative histogram results from flow cytometry for gδ T cells (A), Vδ1 T cells (B), and Vδ2 T cells (C). The right
panels show bar graphs of the percentage of positively stained cells from the patients.

Percentage of Vδ 1 and Vδ 2 T cells after 14 d
amplification with anti-TCRgδ antibody

tissues, the proliferation rate was 53.45% ± 7.95%,
and when co-cultured with Vδ1 T cells from rectal
cancer tissues, the proliferation rate was 52.53% ±
8.52% (Figure 4A). The inhibitory effects of Vδ1 T cells
from para-carcinoma tissues and from rectal cancer
tissues were not significantly different (Figure 4b).
In addition, the cytolytic activities of Vδ2 T cells from
para-carcinoma tissues and from rectal cancer tissues
were not significantly different (Figure 4C).

After culture in RPMI-1640 medium containing 10%
FBS in 24-well culture plates coated with 1 μg/mL antiTCR γδ antibody for 14 d, the percentage of Vδ1 T cells
from para-carcinoma tissues was 21.45% ± 4.64%,
and the percentage of Vδ2 T cells was 38.64% ± 8.05%
(Figure 3A). After culture for 14 d, the percentage of
Vδ1 T cells from rectal cancer tissues was 67.45% ±
11.75%, and the percentage of Vδ2 T cells was 8.94%
± 2.85% (Figure 3B).

DISCUSSION

regulatory effects of tumor-infiltrating Vδ 1 T cells and
cytolytic activity of tumor-infiltrating Vδ 2 T cells

The major finding of this study is that the percentage
of Vδ1 T cells in the rectal tumor tissues of rectal
cancer patients significantly increased, and the
percentage of Vδ2 T cells in the rectal tumor tissues
of rectal cancer patients significantly decreased, when

The proliferation rate of naïve CD4T cells from the
blood of rectal cancer patients was 80.23% ± 11.86%;
when co-cultured with Vδ1 T cells from para-carcinoma
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compared with para-carcinoma tissues. γδ T cells can
be divided into two subsets: Vδ1 T cells found in the
epithelial-associated lymphoid tissue and Vδ2 T cells
in the peripheral blood. Our results showed that after
culture for 14 d with 1 μg/ml anti-TCR γδ antibody,
the major subset from para-carcinoma tissues was
Vδ1 T cells, and the major subset from rectal cancer
tissues was Vδ2 T cells. Tumor-infiltrating Vδ1 T cells
had strong inhibitory effects, and tumor-infiltrating
Vδ2 T cells showed strong cytolytic activity. Although
there were no significant differences in the cytolytic
activities of Vδ2 T cells from para-carcinoma tissues
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and from rectal cancer tissues, the predominant subset
in rectal cancer tissues was Vδ1 T cells. Thus, tumors
may limit antitumor immunity and evade immune
surveillance in rectal cancer patients by forming an
immunosuppressant microenvironment.
The MHC-independent antigen recognition
and strong cytotoxicity to tumor cells make γδ T
cells attractive candidate effector cells for cancer
[19-25]
immunotherapy
. Administration of Vδ2 T cells at
suitable intervals after chemotherapy and zoledronate
may substantially increase antitumor activity in a range
[26]
of malignancies , whereas tumor-infiltrating Vδ1 T
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cells mainly have an immunosuppressive function and
[27,28]
promote cancer development
. The infiltration of
γδ T cells in cancer tissues has been reported in some
[29-32]
tumors
. However, to date, there has been no
research on the percentages of Vδ1 and Vδ2 T cells in
rectal cancer tissues. In this study, we used the FACS
method to analyze the percentage of Vδ1 T cells and
Vδ2 T cells in tumor tissues and para-carcinoma tissues
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from 20 rectal cancer patients. The results showed
that the percentage of Vδ1 T cells in the rectal tumor
tissues of these patients was significantly increased
and positively correlated with the T stage, whereas the
percentage of Vδ2 T cells in the rectal tumor tissues
was significantly decreased and negatively correlated
with the T stage.
We also discovered that after culture for 14 d with
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1 μg/mL anti-TCR γδ antibody, the major subset of
γδ T cells from para-carcinoma tissues was Vδ1, and
the major subset from rectal cancer tissues was Vδ2.
This result is consistent with the predominant subset
in rectal cancer tissues being Vδ1 T cells, and the
predominant subset in para-carcinoma tissues being
Vδ2 T cells, and with the findings of a previous study
which showed that the major γδ T cells infiltrating
[28]
breast cancer tissues were Vδ1 T cells . Vδ2 T
cells have a more inflammatory phenotype; Vδ1 T
cells have a more regulatory phenotype and have
[6]
been shown to express Foxp3 . Vδ2 T cells have a
major cytotoxicity function, and have predominantly
been investigated in tumor immunosurveillance and
[7-10]
host defense against viral invasion
. Our results
demonstrate that tumor-infiltrating Vδ1 T cells have
strong inhibitory effects, and tumor-infiltrating Vδ2
T cells have strong cytolytic activity, consistent with
previous studies on the function of Vδ1 T cells and Vδ2
T cells.
The findings in this study suggest that a per
centage imbalance in Vδ1 and Vδ2 T cells creates
an immunosuppressant microenvironment in rectal
cancer tissues, which may enable tumors to limit
antitumor immunity and evade immune surveillance
in rectal cancer patients. This is the first report on the
percentages of Vδ1 and Vδ2 T cells in rectal cancer
tissues. We demonstrate that an imbalance in Vδ1 and
Vδ2 T cell percentages in cancer tissues may facilitate
the development of rectal cancer. The results of this
study provide a new insight into immunotherapy for
rectal cancer.

This study is meaningful and the findings that the imbalance of Vδ1 and Vδ2
T cell percentages in rectal cancer tissues are interesting, and provide new
insight into immunotherapy for rectal cancer.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the University of Puerto Rico Medical Sciences
Campus Institutional Review Board (protocol number 1250313).

AIM: To determine serum vitamin D levels and colonic
vitamin D receptor (VDR) expression in inflammatory
bowel disease (IBD) and non-IBD patients and correlate
these with histopathology.

Informed consent statement: All subjects gave written informed
consent prior to study inclusion.

METHODS: Puerto Rican IBD (n = 10) and non-
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IBD (n = 10) patients ≥ 21 years old scheduled for
colonoscopy were recruited. Each patient completed
a questionnaire and provided a serum sample and
a colonic biopsy of normal-appearing mucosa. For
IBD patients, an additional biopsy was collected from
visually diseased mucosa. Serum vitamin D levels were
measured by ultra-performance liquid chromatography
and mass spectrometry. Hematoxylin and eosin stained
tissue sections from colonic biopsies were classified
histologically as normal or colitis (active/inactive), and
scored for the degree of inflammation present (0-3,
inactive/absent to severe). Tissue sections from colonic
biopsies were also stained by immunohistochemistry
for VDR, for which representative diagnostic areas were
photographed and scored for staining intensity using a
4-point scale.

Abreu-Delgado Y, Isidro RA, Torres EA, González A, Cruz
ML, Isidro AA, González-Keelan CI, Medero P, Appleyard CB.
Serum vitamin D and colonic vitamin D receptor in inflammatory
bowel disease. World J Gastroenterol 2016; 22(13): 3581-3591
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i13/3581.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i13.3581

INTRODUCTION
Although the incidence and prevalence of inflammatory
bowel disease (IBD) is stable in first world countries,
IBD is becoming more frequent in other geographic
areas and in minority populations such as blacks and
[1]
Hispanics, where they were rarely seen . Puerto Rico
is no exception, and the rate at which ulcerative colitis
[2,3]
and Crohn’s disease are diagnosed is increasing .
[4]
Vendrell et al found that the prevalence of IBD
among insured Puerto Ricans in 2005 is among the
highest described for Hispanic populations. Vitamin
D deficiency is common among patients with IBD,
yet evaluation of vitamin D status is not currently
considered standard of care in these patients, and
guidelines for treating vitamin D deficiency in these
[5]
patients are nonexistent . Increasing evidence
suggests that vitamin D is an environmental factor
linked to the pathogenesis and severity of IBD,
[6,7]
including Crohn’s disease and ulcerative colitis .
Vitamin D is a hormone precursor present in two
forms: ergocalciferol (vitamin D2) and cholecalciferol
(vitamin D3). Cholecalciferol is synthesized in the skin
upon sunlight exposure and is subsequently converted
to 25-hydroxyvitamin D, the major inactive circulating
vitamin D metabolite. 25-hydroxyvitamin D has a long
half-life of about 3 wk, making it the best biomarker
[8,9]
to evaluate vitamin D status . The active form of
vitamin D, 1,25(OH)2D3 (calcitriol), exerts its biological
functions via the vitamin D receptor (VDR), a member
of a superfamily of nuclear hormone receptors. One
of the major roles of vitamin D and VDR is to regulate
intestinal absorption and serum levels of calcium
and phosphate. Many tissues and cells in the body,
including immune cells and colonocytes, express VDR
and possess the enzymes necessary to produce local
[6]
1,25(OH)2D3 . The main source of local 1,25(OH)2D3
is the intestinal autocrine/paracrine vitamin D system,
which plays a critical role in maintaining both mucosal
[9]
immunity and normal growth of epithelial cells .
Vitamin D-VDR signaling results in anti-inflammatory,
immune-modulating, anti-mitotic, pro-differentiating,
and pro-apoptotic effects, which are attributable to the
hundreds of genes that contain vitamin D responsive
[9-11]
elements (VDRE)
. These properties are critical in
the context of immune diseases, such as IBD, and
in cancer prevention; however, the mechanisms by
which vitamin D exerts these properties are not well
understood.

RESULTS: The IBD cohort was significantly younger
(40.40 ± 5.27, P < 0.05) than the non-IBD cohort
(56.70 ± 1.64) with a higher prevalence of vitamin D
deficiency (40% vs 20%, respectively) and insufficiency
(70% vs 50%, respectively). Histologic inflammation
was significantly higher in visually diseased mucosa
from IBD patients (1.95 ± 0.25) than in normalappearing mucosa from control patients (0.25 ± 0.08,
P < 0.01) and from IBD patients (0.65 ± 0.36, P < 0.05)
and correlated inversely with VDR expression in visually
diseased colonic tissue from IBD patients (r = -0.44, P
< 0.05) and from IBD patients with Crohn’s disease (r
= -0.69, P < 0.05), but not in normal-appearing colonic
tissue from control patients or IBD patients. Control
and IBD patient serum vitamin D levels correlated
positively with VDR expression in normal colon from
control and IBD patients (r = 0.38, P < 0.05) and with
patient age (r = 0.54, P < 0.01).
CONCLUSION: Levels of serum vitamin D correlate
positively with colonic VDR expression in visually normal
mucosa whereas inflammation correlates negatively
with colonic VDR expression in visually diseased mucosa
in Puerto Rican patients.
Key words: colitis; inflammation; vitamin D; vitamin D
receptor; inflammatory bowel disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study examines for the first time the
relationship between serum vitamin D levels, colonic
vitamin D receptor (VDR) expression, and histologic
disease activity. We show in Puerto Rican patients that
colonic VDR expression and inflammation are negatively
correlated in endoscopically and histologically diseased
colon and that serum vitamin D levels positively
correlate with VDR expression in endoscopically and
histologically normal colon. These findings contribute
to our understanding of the role of vitamin D and VDR
in patients with inflammatory bowel disease and could
affect the current care of these patients.
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Importantly, the mechanisms by which circulating
vitamin D levels regulate colonic VDR expression in
homeostasis and disease states are also incompletely
understood. Studies in bone cells have revealed that
the VDR gene contains VDRE, suggesting that vitamin
[12]
D can increase colonic VDR expression . However,
treatment of Caco-2 colon cancer cells with calcitriol
resulted in increased transcript levels of CYP24A1,
[13]
the major 1,25(OH)2D3 inactivating enzyme , and
xenografts of HT29 colon cancer cells overexpressing
[14]
CYP24A1 are more proliferative and invasive .
Additionally, SNAIL1 has been shown to repress VDR
[15-17]
expression in colon cancer cells
. Any situation
that impairs the 1,25(OH)2D3/VDR system at the
intestinal mucosal level, such as vitamin D deficiency
or increased CYP24A1 or SNAIL expression, may
increase risk for development or progression of IBD
[9]
and colorectal cancer (CRC) , one of the most severe
complications for patients with long-standing IBD. In
fact, IBD colitis patients are six times more likely to
[9]
develop CRC than the general population , and this
risk increases with disease severity, duration, and
[18]
extent . Interestingly, we recently found differential
expression of VDR in Puerto Rican patients with colitisassociated and sporadic colorectal neoplasia, with a
significant decrease in VDR expression in sporadic
dysplasia and CRC compared with normal and colitis[19]
associated CRC tissue .
Recent animal studies have demonstrated that
vitamin D supplementation ameliorates, whereas
vitamin D or VDR deficiency worsens, inflammation in
[20,21]
murine models of IBD
, providing strong evidence
for vitamin D as an anti-inflammatory immuno
modulator in IBD. Furthermore, in vivo and in vitro
studies have shown that combining vitamin D with
steroids, immunomodulators, or biologics produces
[22-24]
synergistic effects
. In vitro studies have suggested
that VDR plays a critical role in preserving intestinal
[10,25]
mucosal barrier integrity
. It has also been
demonstrated that 1,25(OH)2D3 signaling through VDR
[26]
is a direct and important inducer of NOD2 expression .
A key downstream signaling consequence of NOD2
activation by the agonist muramyl dipeptide is
stimulation of NF-κB transcription factor function, which
induces expression of the gene encoding defensin β2
(DEFβ 2/HBD2), a gut antimicrobial peptide that plays
an important role in the mucosal immune barrier and
whose deficiency has been linked to colonic Crohn’s
[27]
disease .
There is a paucity of data on the role of vitamin
D in IBD disease activity preventing firm conclusions
regarding its use as a predictor of disease severity.
Nevertheless, Joseph et al found that 79% of patients
with Crohn’s disease in India were vitamin D deficient
and that the clinical disease activity correlated
[28]
negatively with serum 25-hydroxyvitamin D levels .
Ulitsky et al. reported a high rate (49.8%) of vitamin D
deficiency in a cohort of 504 IBD patients in the north-
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central United States and an independent association
of this deficiency with lower quality of life and greater
[29]
disease activity of Crohn’s disease . There is also
some evidence that vitamin D supplementation may
help in maintaining remission in patients with Crohn’s
[30]
disease .
In light of the protective and regulatory effects
that vitamin D has on the colonic epithelial barrier
and immune system, respectively, we postulate that
patients with IBD who have low levels of vitamin D
are susceptible to progression to severe disease and
perpetuation of chronic mucosal inflammation, proven
risk factors for CRC in these patients. Elucidating
the role of vitamin D and VDR in patients with IBD
could therefore affect the current care of these
patients. In the present study, we examine the
relationship between serum vitamin D levels, colonic
VDR expression, and histologic disease activity. To
our knowledge, this relationship has not previously
been studied in either a Puerto Rican or any other IBD
population.

MATERIALS AND METHODS
Use of human subjects and internal review board
approval

This study was carried out in compliance with all
NIH regulations concerning the Protection of Human
Subjects. The study was approved by the University
of Puerto Rico Medical Sciences Campus Institutional
Review Board under protocol number 1250313.

Patients and collection of samples

Puerto Rican patients (both sexes) over 21 years old
with a documented diagnosis of ulcerative colitis or
Crohn’s disease by standard endoscopic, histologic,
radiologic, and/or clinical criteria who were seen
at the University of Puerto Rico Center for IBD and
were undergoing colonoscopy and biopsy for clinical
indications were offered participation in this study.
Patients were informed about the purpose of the
study, benefits and risks involved, and their rights and
confidentiality. Patients over 21 years old undergoing
a colonoscopy for other reasons (but not due to
suspected IBD, chronic diarrhea, malabsorption
syndrome, or malignancy) were recruited as controls.
Patients or controls who had used vitamin D, vitamin
D plus calcium, or multivitamin supplementation
during the previous 3 mo were excluded from study
participation. Patients who agreed to participate
signed the IRB-approved informed consent form
and completed a questionnaire to gather demogra
phic, lifestyle, and disease-related information. Our
study included 10 controls and 10 patients with IBD
(Table 1, also see Table 2 for additional disease and
demographic information on individual participants).
Two colon biopsies were collected from IBD patients,
one from visually diseased mucosa and one from
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(Biogenex) and 3,3-diaminobenzidine chromogen
solution (Biogenex). Nuclei were counterstained
with hematoxylin before dehydration, clearing, and
coverslipping. Representative areas containing the
diagnosis of interest (normal, inactive colitis, active
colitis) were photographed and scored in triplicate by
observers blinded to the patients’ diagnoses. Staining
intensity was scored using a four-point scale (0-3),
where 0 indicates the weakest staining and 3 indicates
[19]
the strongest staining .

Table 1 Demographic information for control and inflammatory
bowel disease patients

Sex
Male
Female
Mean age (yr)
IBD diagnosis
CD
UC

Control (n = 10)

IBD (n = 10)

4
6
56.70 ± 1.64

6
4
40.40 ± 5.27a
7
3

a

P < 0.05. CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC:
Ulcerative colitis.

Statistical analysis

The statistical significance of differences in inflam
mation scores and VDR expression between control
mucosa, normal-appearing mucosa from IBD patients,
and visually diseased mucosa from IBD patients was
determined using the Kruskal-Wallis test followed
by the Dunn multiple comparisons test. Differen
ces in age and serum 25-hydroxyvitamin D levels
between control and IBD patients were assessed
using the Mann-Whitney test. Spearman correlation
coefficient was used for analyzing correlations
between VDR expression, inflammation scores, serum
25-hydroxyvitamin D levels, and age. All statistical
analyses were performed with GraphPad Prism v6.0a
(GraphPad Software, San Diego, CA, United States).
Data are presented as mean ± SE, and statistical
significance was established at P < 0.05.

normal appearing mucosa. Controls provided one
colonic biopsy, which was subsequently confirmed
as histologically normal. A serum blood sample was
collected from all patients and stored at -80 ℃ until
time of analysis.

Histological analysis

Tissue sections (2-4 µm) were stained with hema
toxylin and eosin and analyzed independently by
two pathologists (CIG and AAI). All biopsies were
classified histologically as normal, inactive colitis, or
[31]
active colitis, based on Geboes et al . The degree
of inflammation for each biopsy site was recorded as
follows: 0 = inactive/absent, 1 = mild, 2 = moderate,
or 3 = severe.

RESULTS

Vitamin D levels

Serum samples were analyzed for 25-hydroxyvitamin
D levels by ultra-performance liquid chromatography
and mass spectrometry at the De Diego Research
Foundation Bioanalytical Laboratory (Agilent; detection
limit 7.5 ng/mL). Samples were classified as deficient
(< 20 ng/mL) or not deficient (≥ 20 ng/mL) and as
sufficient (≥ 30 ng/mL) or insufficient (< 30 ng/mL).

The control and IBD groups had similar numbers
of patients from both sexes; however, as might be
expected, IBD patients were significantly younger than
controls (P < 0.05, Table 1). Most IBD patients (7/10)
had a diagnosis of Crohn’s disease.

Vitamin D receptor immunohistochemical staining

Mean serum 25-hydroxyvitamin D levels were not
significantly or substantially different between control
(27.61 ± 3.36 ng/mL) and IBD patients (25.18 ± 2.36
ng/mL; Figure 1A). Nevertheless, twice as many IBD
patients (4/10) had vitamin D deficiency (< 20 ng/mL)
compared to controls (2/10; Figure 1B). Furthermore,
a higher percentage of IBD patients (7/10) had
insufficient levels of vitamin D (< 30 ng/mL) compared
to controls (5/10; Figure 1C), half of which had
vitamin D insufficiency. Serum vitamin D levels did not
significantly correlate with colonic inflammation scores.

More IBD patients have vitamin D insufficiency and
deficiency than control patients

Tissue sections were stained for VDR by immuno
histochemistry, and VDR expression was scored as
[19]
previously described . Briefly, formalin-fixed, paraffinembedded tissue sections mounted on charged glass
slides were deparaffinized with Hemo-De xylenesubstitute and rehydrated with graded ethanol dilutions
and distilled water. Endogenous peroxidase activity
was quenched with hydrogen peroxide (3%, aqueous).
Heat-induced antigen retrieval was performed using
citrate-EDTA buffer (10 mmol/L; 2 mmol/L EDTA,
0.05% Tween 20, pH 6.2) at 95 ℃ to 99 ℃ for 40 min
and at room temperature for 20 min. After samples
were blocked with normal goat serum (Biogenex,
San Ramon, CA), tissues were incubated overnight
with the anti-VDR antibody (Ab3508; Abcam Inc,
dilution 1:2000). Secondary detection of the primary
antibody was achieved using the peroxidase-based
Super Sensitive Link-Label IHC Detection System
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Inflammation scores, but not VDR expression levels, are
increased in diseased colon from IBD patients

As expected, visually diseased mucosa from IBD
patients had significantly higher inflammation scores
(1.95 ± 0.25) than normal-appearing mucosa from IBD
(0.65 ± 0.36, P < 0.05) or controls (0.25 ± 0.08, P <
0.01; Figure 2A). Inflammation scores were consistently
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Table 2 Demographic and disease information for control and inflammatory bowel disease patients
Patient ID

Age (yr)

Sex

Diagnosis

IBD duration (yr)

Medications

UC1
CD1
CD2

63
29
41

F
F
M

Ulcerative colitis
Crohn’s disease
Crohn’s disease1

15
2
16

Mesalamine, Azathioprine
Adalimumab
Enalapril

UC2
CD3

25
23

M
M

Ulcerative colitis
Crohn’s disease

2
3

CD4

55

M

Crohn’s disease1

10

CD5

38

M

Crohn’s disease1

8

CD6

32

F

Crohn’s disease1

8

CD7

28

M

Crohn’s disease1

2

UC3
C1

70
50

F
F

Ulcerative colitis
HTN, dyslipidemia, DM-2

8
-

C2
C3

55
67

F
M

-

C4

54

M

HTN
DM-2, post-liver transplant
secondary to ETOH
HIV

C5

63

M

-

C6

57

F

HTN, hypothyroidism,
CKD, post-liver transplant
secondary to ETOH
Hypothyroidism, GERD

C7

55

M

HTN, dyslipidemia,
anxiety, depression

-

C8

59

F

Hypothyroidism,
depression, anxiety

-

C9

56

F

DM-2, dyslipidemia, NASH

-

C10

51

F

None reported

-

-

-

Colonoscopy findings

Proctosigmoiditis
Active mild colitis
Active Crohn’s disease at ileocolonic
anastomosis
Sulfazalazine
Mild proctosigmoiditis
Adalimumab, Azathioprine, Active Crohn’s disease with ileocecal
folic acid
valve involvement
Mesalamine
Crohn’s ileocolitis with small external
hemorrhoids
Infliximab
Active disease at ileocolonic
anastomosis
Infliximab
Mild sigmoiditis with internal/
external hemorrhoids
Adalimumab
Friable ileocecal valve anastomosis
with small aphtous ulcer; mild distal
proctitis
Mesalamine
Mild proctitis
Irbesartan, Simvastatine,
Normal study
Glipizide, Insulin,
Clonazepam
Losartan
Single diminutive sessile polyp
Folic acid, Glipizide,
Hemorrhoids internal/external
Tacrolimus
Efavirnez, Tenofovir,
External hemorrhoids
Lamivudine
Tacrolimus, Propranolol,
Normal study
Pepcid, Simvastatin
Ranitidine, Omeprazole,
Levothyroxine
Losartan, Clopidrogel,
Two polyps < 1 cm, both tubular
Amlodipine, Simvastatin,
adenomas
Clonazepam, Trazodone,
Venlafaxine
Levothyroxine, Gabapentin,
Moderate pandiverticulosis
Sertraline, Clonazepam,
Estazolam
Simvastatin, Aspirin,
Normal sigmoidoscopy/normal
Gliburide
virtual colonoscopy
none
Two small sessile polyps-hyperplastic
polyps; left side diverticulosis

1

IBD-related surgery. F: Female; M: Male; HTN: Hypertension; DM-2: Type 2 diabetes mellitus; HIV: Human immunodeficiency virus; CKD: Chronic
kidney disease; GERD: Gastroesophageal reflux disease; NASH: Nonalcoholic steatohepatitis; IBD: Inflammatory bowel disease.

higher in visually diseased than in normal appearing
mucosa for all but two IBD patients. Statistically
significant differences in VDR immunohistochemistry
scores were not observed in comparisons between
control mucosa (2.03 ± 0.20), normal appearing
mucosa from IBD patients (1.93 ± 0.24), and visually
diseased mucosa from IBD patients (2.30 ± 0.21;
Figure 2B). VDR immunostaining was mainly found
within glandular epithelial cells and lamina propria
cells and was observed in both the nuclear and the
cytoplasmic compartments.

correlated inversely in visually diseased tissue from
IBD patients (r = -0.44, P < 0.05, Figure 3B). This
inverse correlation was stronger in IBD patients who
had Crohn’s disease (r = -0.69, P < 0.05; Figure
3C). Statistically significant correlations between VDR
immunohistochemistry and inflammation scores were
not observed for normal-appearing colonic tissue from
IBD patients.

VDR expression negatively correlates with inflammatory
status in the colon of IBD patients

Colonic VDR immunohistochemistry scores did not
correlate with serum vitamin D levels in control and
IBD patients when VDR immunohistochemistry scores
from visually diseased mucosa from IBD patients
were used (r = 0.13, P > 0.05; Figure 4A). When VDR

VDR expression in normal appearing mucosa from
control and IBD patients positively correlates with
serum vitamin D levels

VDR immunohistochemistry and inflammation
scores did not correlate significantly in colonic tissue
from controls (r = -0.36, P > 0.05; Figure 3A), but
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40

inflammation scores from visually diseased mucosa
were used for patients with IBD (r = -0.57, P < 0.01;
Figure 5).

Serum vitamin D levels positively correlate with patient
age

30

Serum vitamin D levels correlated positively with
patient age in IBD patients alone (r = 0.81, P < 0.01;
Figure 6A) and in control and IBD patients (r = 0.53, P
< 0.01; Figure 6B).

20
10
0
Control

B

IBD

Control

IBD

Total = 10

Total = 10

DISCUSSION
In the present study, we describe vitamin D status in
IBD and non-IBD patients (controls) from Puerto Rico
and examine how this relates to colonic inflammation
and VDR expression. The prevalence of vitamin D
deficiency determined for our Puerto Rican IBD cohort
was 40% compared with a prevalence of 20% for the
control group. Interestingly, although IBD patients
have lower vitamin D levels, we found that both
Hispanic cohorts have vitamin D insufficiency, despite
living on a sunny tropical island. Vitamin D deficiency
has been shown to be fairly common in the United
States (41.6%), especially among blacks (82.1%) and
[32]
Hispanics (69.2%) . In a genome-wide association
study examining 25-hydroxyvitamin D concentrations
in 33996 individuals of European descent, Wang et al.
found that variants near genes involved in cholesterol
synthesis, hydroxylation, and vitamin D transport
[33]
affect vitamin D status . They concluded that these
genetic variations identify individuals who have a
substantially raised risk of vitamin D insufficiency. It is
therefore possible that environmental factors as well
as genetic polymorphisms might be affecting vitamin
D metabolism in our study population.
Although the expression of VDR has been reported
to be decreased in patients with ulcerative colitis,
[34]
dysplasia, and colitis-associated CRC , we have
previously shown that in Puerto Rican patients there
is a significant decrease in colonic VDR expression in
sporadic dysplasia and CRC but not in colitis-associated
[19]
cancer or in IBD, when compared to normal tissue .
In the present study, no significant differences were
found in VDR expression between cohorts, which
is consistent with our previous results, or between
sources of colonic samples in IBD patients, despite
finding significantly higher inflammation scores in
visually diseased mucosa when compared to normalappearing mucosa from IBD patients. Although
1,25(OH)2D3 is thought to regulate VDR expression
[35]
in target tissues , the mechanism for regulation
of colonic VDR expression in relation to vitamin D is
currently unknown (i.e., positive or negative feedback).
In our study, decreased colonic VDR expression
was found to be associated with higher histologic
inflammation scores, which reflect disease activity,
in diseased mucosa. Our study also found a positive

Vitamin D deficient
Vitamin D non-deficient

C

Control

IBD

Total = 10

Total = 10
Vitamin D insufficient
Vitamin D sufficient

Figure 1 Vitamin D status in control patients and patients with inflam
matory bowel disease. A: Serum levels of 25-hydroxyvitamin D3 in control
and inflammatory bowel disease (IBD) patients (n = 10 patients/group). B:
Proportion of control and IBD patients with vitamin D deficiency (< 20 ng/mL). C:
Proportion of control and IBD patients with vitamin D insufficiency (< 30 ng/mL).

immunohistochemistry scores from normal-appearing
mucosa from IBD patients were used, colonic VDR
immunohistochemistry scores positively correlated with
serum vitamin D levels in controls and IBD patients (r
= 0.38, P < 0.05; Figure 4B).

Colonic inflammatory status negatively correlates with
patient age

Colonic inflammation scores were inversely correlated
with patient age in both control and IBD patients when
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A

B

P < 0.01

4

4

3
VDR IHC score

Inflammation score

P < 0.05
3

2

1

2

1

0

0
Control

IBD normal

IBD diseased

Control

Colonic mucosa

IBD normal

IBD diseased

Colonic mucosa

Control

Control

IBD normal

IBD normal

IBD diseased

IBD diseased

Figure 2 Colonic inflammatory and vitamin D receptor status in control and inflammatory bowel disease patients. Inflammation score (A) and VDR expression
(B) for colonic mucosa from control patients, normal appearing mucosa from IBD patients, and visually diseased mucosa from IBD patients (n = 10 per group). Each
IBD patient contributed a biopsy from normal appearing mucosa and another biopsy from visually diseased mucosa. VDR: Vitamin D receptor; IBD: Inflammatory
bowel disease.

correlation between VDR scores from normal
appearing mucosa (controls and IBD patients) and
serum vitamin D levels but not with VDR scores

WJG|www.wjgnet.com

from mucosa that appeared diseased, suggesting
the following points. First, colonic VDR expression is
regulated via a positive-feedback mechanism. Second,
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Figure 4 Correlation between serum 25-hydroxyvitamin D3 levels
and vitamin D receptor immunohistochemistry scores in control and
inflammatory bowel disease patients. A: VDR scores from visually diseased
mucosa were used for IBD patients (red circles); B: VDR scores from normal
appearing mucosa were used for IBD patients (pink circles). VDR: Vitamin D
receptor; CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel
disease; IHC: Immunohistochemistry.
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3

0
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Control

4

VDR IHC score

A

CD2
[37]

non-Hispanic whites have been reported ; however,
there is a paucity of data on the disease course in
these populations. Similarly, the metabolism of vitamin
D may differ among ethnic groups, where other
environmental factors, such as geographical location,
and comorbidities, such as obesity, could influence the
[38]
prevalence of vitamin D deficiency . In addition to the
intricacies of vitamin D pathways, the amount of active
vitamin D necessary at a molecular level to exert its
diverse properties in the intestines, especially in regard
to patients with IBD, is unknown.
Potential limitations of this study include the small
sample size and the fact that patients in the control
group were older than IBD patients, which prevented
age matching. This age difference between the groups
is likely responsible for the correlation between age
and colonic inflammation that we observed in this
study. It is unknown how the age of the patient,
comorbidities, and current medication use alter the
mechanisms of vitamin D in the body. Interestingly,
our findings suggest that age directly correlates with
higher serum levels of vitamin D in IBD patients, but

1

0

0

1

2
  3
Inflammation score diseased

4

Figure 3 Correlation between inflammation and vitamin D receptor.
Immunohistochemistry (IHC) scores for vitamin D receptor and inflammation
scores in colonic mucosa from control patients (A), inflammatory bowel disease
(IBD) patients (B), and patients with Crohn’s disease (CD) (C). In B and C,
inflammation and VDR scores from visually diseased mucosa were used for
IBD and CD patients (red circles).

the disease process disrupts the vitamin D-VDR
system in diseased areas of the colon. These points
[36]
concur with those reported by Ham et al , who found
lower serum vitamin D levels in patients with active
IBD than in patients in remission. Low serum vitamin
D levels may truly reflect insufficiency/deficiency
or could result from 25-hydroxyvitamin D being
converted to the active form of vitamin D3. Moreover,
differences in IBD presentation between Hispanics and
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Figure 5 Correlation between age and inflammation scores for control and
inflammatory bowel disease patients. A: inflammation scores from visually
diseased mucosa were used for IBD patients (red circles); B: inflammation
scores from both normal appearing mucosa (pink circles) and visually diseased
mucosa (red circles) were used for IBD patients. CD: Crohn’s disease; UC:
Ulcerative colitis; IBD: Inflammatory bowel disease.

Figure 6 Correlation between age and serum 25-hydroxyvitamin D3 levels
for inflammatory bowel disease patients (A) and all patients (B).

other studies suggest a decline in vitamin D levels with
aging due to decreased absorption. Our control group
was found to have vitamin D insufficiency and not
sufficiency as expected; therefore, it was not a suitable
“control cohort” for the purposes of this study.
In conclusion, the natural history of IBD in Puerto
Ricans and Hispanics in general warrants further
investigation. We previously found that the incidence
and prevalence of this disease were increased in
our population, with a particular aggressive disease
[3,4]
behavior among younger patients . Our current
investigation showed a positive correlation between
serum vitamin D levels and VDR expression in normal
appearing colonic mucosa and a negative correlation
between VDR expression and inflammation in diseased
mucosa, particularly among patients with Crohn’s
disease from the IBD cohort. Future studies should
examine whether these relationships also exist in other
populations, Hispanic or otherwise. The identification
of potentially correctible risk factors, such as vitamin
D deficiency, may result in disease modification
strategies that reduce the severity of these chronic
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Background

Increasing evidence suggests that vitamin D is an environmental factor linked
to the pathogenesis and severity of inflammatory bowel disease (IBD). Of
concern, patients with IBD are more likely to develop colorectal cancer than the
general population, and low levels of vitamin D are associated with an elevated
risk of this malignancy.

Research frontiers

The relationship between serum vitamin D levels and colonic vitamin D receptor
(VDR) expression remains unclear. Furthermore, the effect of inflammation or
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disease activity on this relationship is incompletely understood.

8

Innovations and breakthroughs

9

To the authors knowledge, the relationship between serum vitamin D levels,
colonic VDR expression, and histologic disease activity has not previously been
studied in either a Puerto Rican or any other IBD population. The authors show,
for the first time, that in normal mucosa serum vitamin D levels correlate with
colonic VDR expression and that in diseased IBD mucosa VDR expression
negatively correlates with inflammation. Curiously, they also show that serum
vitamin D levels correlate with age in IBD patients from Puerto Rico.

10

11

Applications

This study suggests that vitamin D insufficiency and deficiency could be a
potentially correctible risk factor in the Puerto Rican population. Targeting the
vitamin D-VDR axis together with disease modification strategies could reduce
the severity of these chronic conditions, decrease the risk of developing CRC,
and improve quality of life. Additionally, colonic VDR expression in conjunction
with histological analysis could serve the dual role of indicating relative vitamin
D status in normal mucosa and disease activity in mucosa affected by IBD.

12

13

Terminology

IBD is a chronic and debilitating condition of the intestines that manifests as
Crohn’s disease or ulcerative colitis. Crohn’s disease can affect any part of the
gastrointestinal tract, including the colon or large intestine, in a discontinuous
manner, whereas ulcerative colitis usually affects the colon in a continuous
manner, starting at the rectum and spreading proximally. Cholecalciferol, or
vitamin D, is a lipid-soluble vitamin that is involved in regulating calcium and
phosphate balance and in many other processes. The major inactive, circulating
metabolite of vitamin D is 25-hydroxyvitamin D, and the active form of vitamin
D is known as calcitriol, or 1,25-dihydroxyvitamin D. The effects of calcitriol are
mediated by the vitamin D receptor (VDR), a nuclear hormone receptor.

14

15

Peer-review

16

This work focused on a small group of subjects with and without IBD, and
elucidated relationships between gut inflammation, vitamin D and VDR staining,
and the study raises some interesting findings that are worthy of publication/
circulation.
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Abstract
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AIM: To evaluate whether serum and tumor indo
leamine 2,3-dioxygenase activities can predict lymphatic
invasion (LI) or lymph node metastasis in colorectal
carcinoma.

Institutional review board statement: The study was approved
by Gazi University, Local Ethics Committee.
Informed consent statement: All participants’ rights were
protected and informed consents were obtained according to the
Helsinki Declaration.

METHODS: The study group consisted of 44 colorectal
carcinoma patients. The patients were re-grouped
according to the presence or absence of LI and lymph
node metastasis. Forty-three cancer-free subjects
without any metabolic disturbances were included into
the control group. Serum neopterin was measured by
enzyme linked immunosorbent assay. Urinary neopterin
and biopterin, serum tryptophan (Trp) and kynurenine
(Kyn) concentrations of all patients were determined
by high performance liquid chromatography. Kyn/Trp
was calculated and its correlation with serum neopterin
was determined to estimate the serum indoleamine
2,3-dioxygenase activity. Tissue sections from the
studied tumors were re-examined histopathologically
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and were stained by immunohistochemistry with
indoleamine-2,3-dioxygenase antibodies.
RESULTS: Neither serum nor urinary neopterin
was significantly different between the patient and
control groups (both P > 0.05). However, colorectal
carcinoma patients showed a significant positive
correlation between the serum neopterin levels and
Kyn/Trp (r = 0.450, P < 0.01). Urinary biopterin
was significantly higher in cancer cases (P < 0.05).
Serum Kyn/Trp was significantly higher in colorectal
carcinoma patients (P < 0.01). Lymphatic invasion was
present in 23 of 44 patients, of which only 12 patients
had lymph node metastasis. Eleven patients with LI
had no lymph node metastasis. Indoleamine-2,3dioxygenase intensity score was significantly higher
in LI positive cancer group (44.56% ± 6.11%) than
negative colorectal cancer patients (24.04% ± 6.90%),
(P < 0.05). Indoleamine 2,3-dioxygenase expression
correlated both with the presence of LI and lymph
node metastasis (P < 0.01 and P < 0.05, respectively).
A significant difference between the accuracy of
diagnosis by using either total indoleamine-2,3dioxygenase immunostaining score or of lymph node
metastasis was found during the evaluation of cancer
patients.

INTRODUCTION
Colorectal cancer (CRC) is the foremost one among
the major public health problems in the world.
Its incidence is approximately 7 per 100000, with
approximately 5000 new cases and 3200 deaths
[1]
annually . Staging of CRC has prognostic value in
terms of taking decisions about adjuvant therapy and
follow up. American Joint Committee on Cancer (AJCC),
[2]
the TNM staging system places patients into one of
four stages regarding tumor size and invasion depth
of bowel wall, lymph node metastasis and distant
metastasis. However current prognostic criteria have
been debated for their precision in stratification of
patients according to these rules. The character of the
invasive margin and the number of metastatic lymph
nodes are already accepted as more reliable prognostic
[3]
criteria in CRC . Recent studies demonstrated that
significant risk factors for lymph node metastasis
are level of submucosal spreading and the presence
[4,5]
of lymphovascular invasion . Clinicopathological
findings of patients who died of recurrent CRC after
resection revealed that the mean survival time has
been significantly influenced by the histological grade
of tumor, the depth of wall invasion, the presence of
lymphatic or vascular invasion and the lymph node
[6]
metastasis .
It has been asserted that despite having removed
whole macroscopic disease with curative intent, one
of five CRC patients with stages one or two would
[7]
develop recurrence . Likewise, approximately 14% of
patients with lymph node negative CRC die of tumor
recurrence, which can be related to the presence of
unrecognizable tumor cells that are categorized as
[8]
micrometastases . Micrometastases could not be
detected by conventional histopathologic analysis and
none of the clinicopathologic parameters examined
is correlated with the presence of occult cancer cells
[8]
in lymph nodes . On the other hand, failure to
examine enough lymph nodes may result in a failure
to identify patients whose lymph nodes are affected
[9]
by cancer and thus may result in mislabeling . The
use of techniques to increase the number of lymph
nodes harvested and identify all micrometastases
[10]
is a subject of debate since 1998 . The ultrastaging of colon cancer leads to detection of occult
metastases in patient’s deemed node negative by
[11]
conventional techniques of pathologic staging .
Nevertheless, because ultra staging involves extensive
nodal sectioning and immunohistochemistry, this
method remains investigational rather than routine
[11]
examination . However, according to others, the

CONCLUSION: Indoleamine-2,3-dioxygenase ex
pression may predict the presence of unrecognized LI
and lymph node metastasis and may be included in the
histopathological evaluation of colorectal carcinoma
cases.
Key words: Colorectal carcinoma; tryptophan; indo
leamine-2,3-dioxygen; lymphovascular invasion; lymph
node metastasis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal cancer (CRC) is one of the major
public health problems in the world. Clinicopathological
findings of patients who died of recurrent CRC after
resection revealed that approximately 14% of patients
with lymph node negative CRC die because of the
presence of unrecognizable tumor cells that are
categorized as micrometastases. Tryptophan degrading
enzyme, indoleamine-2,3-dioxygenase expression
by tumor cells has been shown to be correlated with
a poor clinical prognosis of colon cancer. Our data
indicated that high total indoleamine-2,3-dioxygenase
immunostaining score is a strong predictor for im
mune tolerance, lymphatic invasion and subsequent
lymph node metastasis. Therefore, indoleamine-2,3dioxygenase immunostaining might be recommended
for histopathological evaluation of CRC cases.
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Aim of this study was to evaluate whether serum
and tumor IDO activities can predict the lymphatic
invasion or lymph node metastasis propensity in CRC
patients.

presence of micrometastases in patients with stages
one and two CRC seems not to have any impact on
[7,12,13]
cancer-specific survival
.
These evidences reflect the unusual biologic
behavior of the tumor and/or host. Therefore, other
cellular criteria should be included in the evaluation of
patients’ outcome. The type, density, and expression
of immunomodulator substances of immune and/or
tumor cells in CRC have an important prognostic
value that may be superior to and independent of
[14]
those of the cancer-staging systems . Moreover,
the pathologic interactions between tumor and host
immune cells within the tumor microenvironment
create an immunosuppressive network that promotes
tumor growth and protects the tumor from immune
[15]
attack . In body fluids, information about T helper
cell 1 (Th1)-derived cellular immune activation can be
provided by neopterin, which is mainly synthesized
by the activated monocytes/macrophages in res
ponse to induction by interferon-gamma (IFN[16]
gamma) . IFN-gamma selectively stimulates the
early steps of pteridine biosynthesis in macrophages,
thereby leading to accumulation and excretion of
[17]
dihydroneopterin and neopterin . Actually neopterin
[18]
is a by-product in the biopterin biosynthesis .
Chronic stimulation of Th1-mediated immunity may
also cause enhanced indoelamine 2,3-dioxygenase
[19]
(IDO) activity in malignant diseases . In cancer
patients, significantly accelerated degradation of
tryptophan (Trp) due to higher IDO activity with
lowered serum concentrations of Trp and increased
kynurenine (Kyn) as well as an increased Kyn to
[20,21]
Trp ratio has been recognized
. It appears that
decreased Trp levels or increased concentrations of
its degradation products may be directly involved in
[19]
diminished T-cell responsiveness . This phenomenon
could be best explained by IDO expression within
[15]
the tumors . The enzyme IDO has recently
[22]
attracted special attention
and may be expressed
constitutively by tumor cells as part of the genetic
[23,24]
changes involved in malignant transformation
.
IDO-expressing cells have been considered to create
a state of immunologic unresponsiveness towards
[25]
tumor-derived antigens . Although IDO expression
by tumor cells has been shown to correlate with a
[15]
poor clinical prognosis of colon cancer , assessment
of tumor IDO activity has not took place currently in
routine histopathological evaluation concept of CRCs.
“Is the evaluation of IDO activity of tumor tissue an
effective method to predict the invasiveness of tumor
cells?” This is a rational question considering the host
immune tolerance against CRC cells. In this respect,
estimation of total tumor tissue IDO immunostai
ning score during the routine histopathological
examination of CRC specimens appears to be an
effective strategy to predict the suppression of antitumor immune response and the enhancement of
tumor invasion.
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MATERIALS AND METHODS
Patients

A total of 87 patients with the diagnosis of primary
CRC or with uncomplicated cholelithiasis which were
referred to Gazi University, Faculty of Medicine,
Department of General Surgery for surgical evaluation
accepted as candidates for this prospective randomized
study. All participants’ rights were protected and
informed consents were obtained according to the
Helsinki Declaration. Local Ethic Committee also
approved the study protocol.
The exclusion criteria for this study were to have
immune system disorders, obstacle for surgical
intervention due to cardio-pulmonary or metabolic
risks, to receive neoadjuvant chemotherapy due
to the late stage carcinoma, having malnutrition,
chronic granulomatosis, and collagen tissue or
neurodegenerative diseases.
Control group (Group 1) consisted of 43 cancerfree subjects, aged 62.06 ± 2.07 (mean ± SEM) years,
2
body mass index (BMI): 26.1 ± 0.6 kg/m and was
programmed for elective laparoscopic cholecystectomy
for cholelithiasis without acute inflammation. These
patients had undergone diagnostic endoscopic
evaluation whenever their complaints suggestive for
digestive diseases. Patients in whom no pathology
being found in either the upper or lower gastrointestinal
system were included in cancer-free control group.
Group 2 constituted of 44 CRC patients, aged 60.95
2
± 2.11 years, BMI: 25.4 ± 0.5 kg/m , and underwent
elective abdominal surgery for CRC. Diagnosis
was made by endoscopic survey and histological
examination of tumor biopsies in all CRC patients
that were stratified as stage 1, 2 or 3 according to
[2]
the TNM classification of the AJCC staging . The
presence of distant metastases was ruled out by preoperative upper abdominal ultrasonography, computed
tomography-based evaluation, chest X-ray and
intra-operative exploration. All patients underwent
surgery with curative intent and with histologically
conﬁrmed disease-free resection margins were
included in Group 2. During the study period, uniform
surgical management protocol was carried out. In
all cases, curative resection had included the main
lymphovascular supply to the bowel. For proximal
colon tumors, lymphadenectomy was extended to
the origin of the ileocolic, right colic and middle colic
arteries. For distal colon tumors and rectal tumors,
lymphadenectomy was extended to the origin of the
lower mesenteric artery. Total mesorectal excision was
performed in all patients with tumors of the middle
and lower rectum. Cases with subsequently identified
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Figure 1 Hematoxylin and eosin stained (A, C and E) and indoleamine-2,3-dioxygenase immunostained (B, D and F) materials for the histopathological
evaluation of colorectal carcinoma patients (Magnification × 100). The presence of lymphatic invasion, indoleamine-2,3-dioxygenase (IDO) intensity, IDO
proportion and total IDO immunostaining scores were determined by antibodies against IDO (Tumor cells show strong positive staining while normal mucosa shows
negative or very weak staining). A and B: Lymphatic invasion negative, IDO intensity, 3: IDO proportion score, 5%: total IDO immunostaining score, 4; C and D:
Lymphatic invasion positive, IDO intensity, 3: IDO proportion score, 70%: total IDO immunostaining score, 6; E and F: Lymphatic invasion positive, IDO intensity, 3:
IDO proportion score, 90%: total IDO immunostaining score, 7.

distant metastases or incomplete clearance of the
tumor were excluded.
Postoperative confirmation of preoperative diagnosis
in Group 2 was made by routine histopathological
examination of postoperative specimens. The patients
were subsequently followed-up for a mean of 28.3 ±
1.2 mo. The patients’ age and gender and localization,
histological type and the differentiation of tumors
were noted as standard clinical variables. It has been
suggested that 12 lymph nodes could be considered
as the minimum acceptable harvest from a careful
[26]
specimen dissection . Conventionally, lymph nodes
were identiﬁed by palpation. Whenever, fewer than
12 nodes were found after careful gross examination,
[27]
additional enhancement techniques were employed .
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The same team of pathologists examined surgical
specimens for tumor and lymph nodes, and the same
technique for lymph node assessment was utilized
during the entire period of the study. Three or more
consecutive sections were examined from each
[28]
lymph node
and routine histological examination
of all specimens was performed using triple levelling
techniques and the sections were stained with
haematoxylin and eosin (HE) (Figure 1A, C and E).

Histopathological evaluation

The surgical resection materials of the primary CRC
cases were re-evaluated histopathologically for the
presence of lymphatic invasion, intratumoral and
peritumoral lymphoid cell infiltration (lymphocytic
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tumor response), pathological stage and tumor
grade. Lymphatic invasion was noted as present or
absent. Suspicious cases for the presence of lymphatic
invasion were evaluated immunohistochemically with
podoplanin antibody. Lymphocytic tumor response was
semi-quantitatively estimated (from point 0 to point 3)
according to the intensity of infiltrating lymphocytes.
Tumors were graded according to the degree of
glandular differentiation: grade 1, grade 2 and grade
3. The number of metastatic and reactive lymph nodes
was also noted.
Immunohistochemical staining was performed on
paraffin-embedded blocks of each case. 4 μm thick
sections of the representative tumor blocks were
studied by indirect immunoperoxidase staining. The
sections were re-hydrated in a graded series of alcohol,
blocked with non-immune blocking solution. Antigen
unmasking was performed by microwaving the sections
in a 10mM citrate buffer, pH 6.0 for 20 min. The
sections then were incubated with primary antibody
of “anti-indolamine 2,3-dioxygenase” for 2 h at 37 ℃
(dilution; 1:300, mouse monoclonal antibody, Clone
10.1, Millipore, Billerica, MA, United States). After
washing, they were incubated with secondary antibody
(multi-species ultra streptavidine detection systemhorse radish peroxidase, Zymed, MA, United States)
and streptavidine-biotin complex (Zymed, MA, United
States) for 20 min per each at room temperature,
respectively. Immunoreactions were developed with
diaminobenzidine (diaminobenzidinetetrachloride,
Zymed, United States) as chromogen. The percentage
of the tumor cells showing cytoplasmic staining and its
intensity were semi-quantitatively estimated (Figure
1B, D and F).

Serum neopterin concentrations were determined
according to the manufacturer’s instructions by a
commercially available enzyme immunoassay kit
(ELISA, Demeditec Diagnostics, Kiel, Germany).
In order to test the serum specific IDO activities of
patients, correlations between the Kyn/Trp ratio and
neopterin values were computed.

Urinary neopterin and biopterin determination

Neopterin, biopterin and creatinine levels in urine were
analyzed by high performance liquid chromatography.
Neopterin, biopterin and creatinine isocratically eluted
[31]
and quantified in the same chromatographic run .

Statistical analysis

Data were expressed as mean ± SEM. After checking
the data by the Kolmogorov-Smirnov test, normally
distributed data were analyzed using independent
sample t-test. Nonparametric data were compared
with Mann-Whitney U test. Correlations were assessed
using Spearman’s rank or Pearson tests. For two or
2
more categorical, independent groups, Pearson’s χ
and linear-by-linear association tests were made and
p values less than 0.05 were considered to indicate
statistical significance.

RESULTS
A pronounced rise in serum neopterin concentration
above the standard cut off value (10 nmol/l) and
[32]
increased urinary neopterin excretion were observed
in cancer patients, but they did not reach the statistical
significance (p = 0.634 and p = 0.090 vs cancer-free
patients, respectively) (Table 1). Both in CRC (Group
2) and cancer-free groups (Group 1) a significant
correlation was observed between the serum and
urinary neopterin concentrations (p = 0.00001, r
=0.450 and p = 0.002, r =0.481, respectively).
Although CRC patients showed a mild decrease
in serum Trp levels, we could not find a statistical
difference when compared with the cancer-free
patients (p = 0.254). However, cancer patients had a
considerable rise in serum Kyn, a toxic metabolite of
Trp degradation pathway (p = 0.042 vs cancer-free
patients). Therefore, a remarkable increase in Kyn/Trp
which reflects the serum IDO activity of CRC group
was observed when compared to controls (p = 0.006)
(Table 1). CRC cases also showed a significant positive
correlation between the serum neopterin levels
and Kyn/Trp (r = 0.450, p = 0.003). Evaluation of
relationship between serum Trp and Kyn/Trp disclosed
a significant negative correlation in both groups (p =
0.012, r = -0.383 for Group 1; p = 0.0001, r = -0.670
for Group 2). Thus, significant negative correlations
were calculated between the serum Trp and Kyn values
of cancer cases (r = 0.332, p = 0.003). Even neopterin
levels were not found statistically significant in Group
2, sum of urinary biopterin and urinary neopterin

Quantification of total IDO score

Immunoreactivity was semi-quantitatively estimated
[29]
as previously described . The total IDO immuno
staining score was calculated as the sum of a
proportion score and an intensity score. The proportion
score reflects the estimated fraction of positively
stained infiltrating cells (score 0, none; score 1, <
10%; score 2, 10%-50%; score 3, 51%-80%; score 4,
> 80%). The intensity score represents the estimated
staining intensity (score 0, no staining; score 1, weak;
score 2, moderate; score 3, strong) giving a total score
ranging from 0 to 12. We defined IDO overexpression
as a total score 4 or > 4. The frequency of increased
total IDO immunostaining score of CRC group was
estimated by comparing each patient with the cutoff
value; 4 (Figure 1A-F).

Serum IDO activity and serum neopterin determination

After centrifugation, serum specimens were stored
at -20 ℃ until assayed. Serum Trp and Kyn concen
trations were determined by high-performance liquid
chromatography as described, the ratio of Kyn to
[30]
Trp was calculated to estimate the activity of IDO .
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IDO. Lymphovascular invasion was found in 23 of 44
patients (52.3%). However, we could not demonstrate
lymphatic invasion in remaining 21 patients. Only
12 patients (52%) with lymphatic invasion had
lymph node metastasis. Although 11 patients (25%)
displayed lymphatic invasion, they had no lymph node
metastasis. Taking into consideration of all patients,
32 had negative nodes whereas, 12 had evidences
of nodal metastasis. We could not observe at all an
association between the serum neopterin levels and
presence versus absence of lymph node metastases
(p = 0.368). Evaluation of serum pteridine and Trp
metabolites of lymphatic invasion negative (Group
2/c) and positive (Group 2/d) CRC patients displayed
serum IDO activities that were significantly higher
in lymphatic invasion (Table 2). On the other hand,
assessment of serum pteridine and Trp metabolites
of lymph node metastasis negative (Group 2/a) and
positive (Group 2/b) CRC patients displayed serum
IDO activities that were not predictive for lymph node
dissemination alone (Table 3).
The tumor grade was higher in the lymph nodepositive group (40%). While, IDO intensity score
was 24.04% ± 6.90% in lymphatic invasion negative
group, it was 44.56% ± 6.11% in lymphatic invasion
positive patients (P = 0.031). The frequency of
increased total IDO immunostaining score of CRC
patients with lymphatic invasion was 78 % (18 of 23
patients). While 92 % of the frequency of increased
total IDO immunostaining score (≥ 4) was found
for patients with lymphatic invasion-lymph node
metastasis positive (11 of 12 patients), 38 % was
found for lymphatic invasion-lymph node metastasis
negative group (8 of 21 patients). There was a
significant association between the lymphatic invasion
and total IDO immunostaining scores (p = 0.014; r =
+0.366). Weak correlation between the lymph node
metastasis and total IDO immunostaining score (p
= 0.043; r = +0.310) confirmed that conventional
histopathologic techniques were inefficient to reveal
the lymph node invasion adequately. However,
lymphatic invasion seemed the most valuable
parameter indicating the lymph node metastasis (p
= 0.001; r = +0.476) (Table 4). Although lymphatic
invasion showed significant linear-by-linear association
with total IDO immunostaining score of tumor tissue (p
= 0.016) and lymph node metastasis (p = 0.002), we
could not find an association neither with lymphocytic
infiltration score (p = 0.211) nor tumor grade (p =
0.358) (Table 5). Regarding the evaluation of CRC
cases, no statistical difference was displayed either by
using total IDO immunostaining score or lymphatic
invasion (p = 0.581). Positive predictive value (PPV)
or the proportion of patients with the higher total IDO
immunostaining scores (≥ 4) who have lymphatic
invasion was 70% and negative predictive value
(NPV) was calculated as 72% for the same group.
The specificity and sensitivity of presence of lymphatic

Table 1 Serum tryptophan, kynurenine and neopterin,
urinary neopterin and biopterin of cancer-free group (Group
1) and colorectal cancer patients (Group 2)
Group

Group 1
(n = 43)

Group 2
(n = 44)

P value

Age (yr)1
Tryptophan (μmol/L)1
Kynurenine (μmol/L)2
Kynurenine/tryptophan1
Serum neopterin (nmol/L)2
Urinary neopterin (μmol
neopterin/mol creatinine
Urinary biopterin (μmol
biopterin/mol creatinine)1
Urinary neopterin (μmol
neopterin/mol creatinine)
+ urinary biopterin (μmol
biopterin/mol creatinine)1

62.06 ± 2.07
21.95 ± 1.03
1.03 ± 0.19
41.31 ± 3.62
13.28 ± 1.08
63.54 ± 5.64

60.95 ± 2.11
19.91 ± 1.33
1.20 ± 0.13
89.47 ± 14.32
16.93 ± 2.84
80.45 ± 8.09

0.708
0.254
0.042a
0.006a
0.634
0.090

67.33 ± 6.22

91.41 ± 12.00

0.038a

129.83 ± 9.42

172.60 ± 17.17

0.048a

a

p < 0.05, Group 2 vs Group 1 considered statistically significant;
Independent sample t-test; 2Mann-Whitney U test. Colorectal cancer
patients showed more than two times increase in overall serum
kynurenine-tryptophan ratio and a non-significant rise in the activity of
pteridine pathway when compared with the cancer-free patients (Group 1).
1

Table 2 Evaluation of serum pteridine and tryptophan
metabolites of lymphatic invasion negative (Group 2/c) and
positive (Group 2/d) colorectal cancer patients
Group

Group 2/c
(n = 21)

Group 2/d
(n = 23)

P value

Tryptophan (μmol/L)1
Kynurenine (μmol/L)2
Kynurenine/tryptophan
Serum neopterin (nmol/L)2
Urinary neopterin (μmol
neopterin/mol creatinine)1
Urinary biopterin (μmol
biopterin/mol creatinine)1
Urinary neopterin (μmol
neopterin/mol creatinine)
+ urinary biopterin (μmol
biopterin/mol creatinine)1
IDO (%)

19.14 ± 1.68
1.45 ± 0.24
95.85 ± 17.40
18.43 ± 5.18
85.79 ± 11.76

20.62 ± 2.06
0.96 ± 0.11
83.08 ± 23.13
15.56 ± 2.78
75.68 ± 11.34

0.586
0.080
0.662
0.613
0.541

76.56 ± 16.44 105.43 ± 17.20

0.234

167.42 ± 21.83 177.50 ± 26.82

0.774

24.04 ± 6.90

44.56 ± 6.11

0.031a

a

p < 0.05, group 2/c vs group 2/d, considered statistically significant;
Independent sample t-test; 2Mann-Whitney U test. The comparison
displayed that serum indoleamine-2,3-dioxygenase (IDO) activities were
strongly predictive for lymphatic invasion.
1

concentrations indicated significant increase in cellmediated immune response in CRC patients compared
to Group 1. While sum of urinary biopterin and urinary
neopterin concentrations were calculated lower in
lymph node-positive patients, they were higher in
lymphatic invasion-positive CRC patients.
We examined 1398 HE stained serial sections of
466 lymph nodes from 44 patients with CRC. The
number of harvested lymph nodes per patient ranged
10 to 16 (median: 10 and mean ± SEM: 12.59 ± 1.56).
The average number of serial sections from tumor
tissue for each patient was 16. These were examined
after staining with H-E and monoclonal antibody anti-
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immune activation. The elevated neopterin production
is also associated with Trp degradation. Trp depletion
as well as the accumulation of its cytotoxic metabolites
results in a strong inhibitory effect on the development
[33]
of immune responses . Increases in both the urinary
biopterin excretion and Kyn/Trp of CRC patients
compared to the matched controls suggested that IFNgamma-mediated immune response may be enhanced
by the malignant growth. Actually, IFN-g-induced
guanosine triphosphate (GTP) cyclohydrolase I activity
correlates with the sum of neopterin plus biopterin
[34]
rather than with neopterin or biopterin alone . Thus,
lower values of neopterin plus biopterin in lymph
node-positive patients considering the higher values
of lymphatic invasion-positive cancer cases may be
suggestive for insufficient immune response in these
patients.
It is well known that IDO activity is characterized
best by the Kyn/Trp which correlates with concentrations
[35]
of immune activation marker neopterin . Indeed,
in our study highly significant correlation between
neopterin concentrations and the increased Kyn/Trp
clearly indicated that the formation of Kyn is related to
IDO activity by IFN-gamma stimulation. IDO rapidly
degrades Trp that is crucial to sustain proliferation of
[36]
T lymphocytes . Despite the phenomena of immune
activation, low Trp levels or increased concentrations
of its degradation products may be directly involved
in diminished T-cell responsiveness to antigenic
[37]
stimulation in cancer patients . Actually, physiological
levels of IDO may be needed for maintenance of T cells
function, which is necessary for antigen presentation,
but increased levels of IDO and accumulation of IDOmediated cytotoxic metabolites from the Kyn pathway
[38]
will hamper cell function in activated T cells . On the
other hand, IDO-induced Trp depletion from the tumor
microenvironment could be the results of elevated
levels of the enzyme and augmented Trp consumption
by both tumor cells and antigen presenting cells of
[22]
the host . However, CRCs with a high density of
infiltrating memory and effector T cells are less likely
to disseminate to lymphovascular and perineural
structures and to regional lymph nodes and, present
a less advanced pathological stage, and increased
[39]
survival .
In this study we analyzed the expression of
IDO proteins in human colorectal tumor samples.
Our results are also in line with previous studies,
indicating that human tumors frequently express
[38]
IDO . 52.4% of tumor specimens showed IDO-high
expression, whereas in 47.6% of tumor specimens,
the staining was scored as IDO-low expression.
These findings indicated that certain colon cancer
subsets are different in their ability to express IDO.
The finding, IDO activity significantly correlated with
immunostaining scores in vitro strongly suggests
that the enzyme is active and might exert its

Table 3 Evaluation of serum pteridine and tryptophan
metabolites of lymph node metastasis negative (Group 2/a)
and positive (Group 2/b) colorectal cancer patients
Group
Tryptophan (μmol/L)1
Kynurenine (μmol/L)1
Kynurenine/tryptophan1
Serum neopterin (nmol/L)2
Urinary neopterin (μmol
neopterin/mol creatinine)1
Urinary biopterin (μmol
biopterin/mol creatinine)1
Urinary neopterin (μmol
neopterin/mol creatinine)
+ Urinary biopterin (μmol
biopterin/mol creatinine)1
IDO (%)1

Group 2/a
(n = 32)

Group 2/b
(n = 12)

P value

18.04 ± 1.39
1.33 ± 0.17
103.20 ± 18.13
17.78 ± 3.68
83.07 ± 9.76

23.98 ± 2.98
0.87 ± 0.14
53.27 ± 17.36
14.67 ± 3.94
71.29 ± 12.96

0.047a
0.139
0.121
0.368
0.552

96.87 ± 13.83

69.56 ± 23.13

0.371

179.95 ± 20.48 143.23 ± 24.95

0.400

30.32 ± 5.74

48.75 ± 8.30

0.089

a

p < 0.05; group 2/a vs group 2/b, considered statistically significant;
Independent sample t-test; 2Mann-Whitney U test. The comparison
displayed that serum indoleamine-2,3-dioxygenase (IDO) activities were
not predictive for lymph node dissemination alone.
1

Table 4 Correlation between lymphatic invasion and lymph
node metastasis, total serum indoleamine-2,3-dioxygenase
score and serum tryptophan in colorectal cancer patients
Pearson correlation
Lymphatic
invasion
Lymph node
metastasis

Lymph node metastasis
P = 0.001a, r = +0.476
Serum tryptophan
P = 0.047a, r = +0.305

Tumor total IDO score
P = 0.014a, r = +0.366
Tumor total IDO score
P = 0.043a, r = +0.310

a

P < 0.05 considered statistically significant. IDO: Indoleamine-2,3dioxygenase.

Table 5 Evaluation of the association between lymphatic
invasion, lymph node metastasis and tumor total indoleamine2,3-dioxygenase score in colorectal cancer patients
Lymphocytic infiltration- lymphatic invasion
Lymph node metastasis- lymphatic invasion
Tumor differentiation- lymphatic invasion
Tumor total IDO score- lymphatic invasion

P = 0.211
P = 0.002a
P = 0.358
P = 0.016a

a

p < 0.05 considered statistically significant. Lymphatic invasion showed
linear-by-linear association with lymph node metastasis and tumor total
IDO score in colorectal cancer patients. IDO: indoleamine-2,3-dioxygenase.

invasion plus lymph node metastasis in patient with
higher total IDO immunostaining score was 62% and
85%, respectively, whereas, we found a significant
difference between the accuracy of diagnosis by using
either total IDO immunostaining score or lymph node
metastasis during the evaluation of cancer patients (p
= 0.0013; PPV: 38.46, NPV: 89%).

DISCUSSION
In our study, CRC patients had increased systemic
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immune attack. Although IDO expression by tumor cells has been shown to
correlate with a poor clinical prognosis of colon cancer, assessment of tumor
IDO activity has not took place currently in routine histopathological evaluation
concept of CRCs. Thus the current research hotspot is to evaluate the adequate
retrieval and assessment of colorectal mesenteric lymph nodes to ensure that
the lymph nodes do not contain unrecognizable tumor cells.

immunosuppressive activity in patients classified as
IDO-high expression. However, further prospective
studies by using fresh tumor tissues are required to
confirm this hypothesis. In this study, we verified
that lymphovascular invasion is a strong predictor
of lymph node metastasis. All lymphatic invasion
negative patients were also lymph node negative (21
patients; 47.7%). When compared with the lymphatic
invasion-lymph node positive CRC patients (27.3%),
lymphatic invasion-lymph node negative patients had
significantly lower expression of IDO (4.7% ± 0.4%
and 2.6% ± 0.4%, respectively, p = 0.012). The
increased frequency of IDO activity could enhance
immune tolerance against the cancer cells. While 23
patients with positive lymphatic invasion showed 78%
increased frequency of IDO activity (IDO score ≥ 4),
lymphatic invasion-lymph node positive CRC patients
and lymphatic invasion-lymph node negative patients
had 92% and 38%, respectively.
In this study, in order to compare with the tumor
IDO activity, lymphatic invasion was demonstrated
with advanced immunohistochemical techniques.
However, histological evaluation of lymph nodes was
made by routine conventional methods. Despite of the
positive lymphatic invasion, lymph node metastases
were found negative in 11 patients.
Likewise, multivariate analysis of CRC showed that
lymphatic invasion is an independent predictor factor
[5]
for lymph node metastasis . Very recently, it has
been indicated that to the patients with T1 or T2 CRC,
with positive lymphovascular invasion, radical surgery
should be recommended because of the greater risk
[40]
for lymph node metastasis . This surgical strategy
was supported by our data. Additionally, in routine
conventional histopathological examinations, lymphatic
invasion and lymph node metastases cannot always be
defined due to limited number of histological sections.
As a conclusion, these evidences coupled with
our data showed that high total IDO immunostaining
score is a strong predictor for immune tolerance,
lymphatic invasion and subsequent lymph node
metastasis. Therefore, IDO immunostaining might be
recommended for histopathological evaluation of CRC
cases.

Innovations and breakthroughs

In CRC patients, significantly accelerated degradation of tryptophan (Trp)
with lowered serum concentrations of Trp and increased kynurenine as well
as an increased Kyn/Trp has been recognized. Although IDO expression
by tumor cells has been shown to correlate with a poor clinical prognosis of
colon cancer, assessment of tumor IDO activity does not take place currently
in routine histopathological evaluation of CRCs. This data revealed that high
total IDO immunostaining score is a strong predictor for immune tolerance,
lymphatic invasion and subsequent lymph node metastasis. Therefore, IDO
immunostaining might be recommended for histopathological evaluation of
CRC cases.

Applications

High total IDO immunostaining score is a strong predictor for immune tolerance,
lymphatic invasion and subsequent lymph node metastasis. Thus, during the
histopathological evaluation of CRC, IDO immunostaining might be used.

Terminology

CRC is one of the major public health problems in the world. Lymphatic
invasion and the depth of submucosal invasion of tumor cells are risk factors
for lymph node metastasis, which are strongest prognostic determinants for
colorectal cancer patients. Trp degrading enzyme, IDO expression by tumor
cells has been shown to correlate with a poor clinical prognosis of colon cancer.
Indicator of cellular immune response, neopterin is produced by the activated
macrophages and associated with Trp degradation. Actually, IFN-gammainduced guanosine triphosphate (GTP) cyclohydrolase I activity results in
synthesis of neopterin, as well as biopterin.
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Abstract
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AIM: To compare the short- and long-term outcomes
of laparoscopic and robotic surgery for middle and low
rectal cancer.
METHODS: This is a retrospective study on a pro
spectively collected database containing 111 patients
who underwent minimally invasive rectal resection with
total mesorectal excision (TME) with curative intent
between January 2008 and December 2014 (robot,
n = 53; laparoscopy, n = 58). The patients all had a
diagnosis of middle and low rectal adenocarcinoma with
stage Ⅰ-Ⅲ disease. The median follow-up period was
37.4 mo. Perioperative results, morbidity a pathological
data were evaluated and compared. The 3-year overall
survival and disease-free survival rates were calculated
and compared.
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RESULTS: Patients were comparable in terms of
preoperative and demographic parameters. The
median surgery time was 192 min for laparoscopic
TME (L-TME) and 342 min for robotic TME (R-TME)
(P < 0.001). There were no differences found in the
rates of conversion to open surgery and morbidity. The
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overcome some of the limitations of conventional
laparoscopic rectal surgery. A robotic system enables
the surgeon to control a three dimensional, highdefinition, 10-fold magnification vision steady
camera. It provides wrist motion for endoscopic
instruments (7 degrees of freedom, 180 degrees
of articulation and 540 degrees of rotation). The
motion scaling feature reduces physiological tremors,
provides superior dexterity, and increases ergonomic
[8]
comfort . Therefore, robotic systems can overcome
several of the technical difficulties associated with
traditional laparoscopic surgery and allow high-quality
manoeuvres to be performed in narrow spaces such as
the pelvic cavity. The additional third arm instrument is
a fixed retractor used to improve vision and stability in
restricted spaces. Robot-assisted operations have been
used for years in other surgical specialties. However,
[9]
it was not until 2002 that Weber et al reported
the first two cases of robot-assisted colectomies.
Several meta-analyses have been published and they
demonstrate the scientific community’s interest in
[10-14]
this surgery
. The most relevant data resulting
from these studies was that robotic surgery had
reduced conversion to open surgery compared to
the laparoscopic group. Additionally, the short-term
clinical and oncologic outcomes were not significantly
different between groups. The recently published
5-year results demonstrate that there are similar rates
for overall survival, disease-free survival, and local
recurrence between robotic and laparoscopic surgical
[15]
procedures . There are currently two ongoing
multicentre randomized controlled trials comparing
robotic versus laparoscopic surgery for rectal cancer:
[16]
[17]
the ROLARR and COLRAR trials.
The aim of this study was to compare the feasibility
and short-term and long-term outcomes of robotic
surgery for middle and low rectal cancer with the
results of conventional laparoscopic surgery in two
different centres with high volume of colorectal
minimally invasive surgery.

patients who underwent laparoscopic surgery stayed
in the hospital two days longer than the robotic group
patients (8 d for L-TME and 6 d for R-TME, P < 0.001).
The pathologic evaluation showed a higher number
of harvested lymph nodes in the robotic group (18 for
R-TME, 11 for L-TME, P < 0.001) and a shorter distal
resection margin for laparoscopic patients (1.5 cm for
L-TME, 2.5 cm for R-TME, P < 0.001). The three-year
overall survival and disease-free survival rates were
similar between groups.
CONCLUSION: Both L-TME and R-TME achieved
acceptable clinical and oncologic outcomes. The
robotic technique showed some advantages in rectal
surgery that should be validated by further studies.
Key words: Robotic surgery; laparoscopic surgery;
rectal cancer; total mesorectal excision; minimally
invasive surgery
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this retrospective study was to
compare the short- and long-term outcomes of 111
patients who underwent minimally invasive rectal
resection with total mesorectal excision (TME) with
curative intent. The median surgery time was shorter
for laparoscopic TME while there were no differences
found in the rates of conversion to open surgery
and morbidity. The pathologic evaluation showed
a higher number of harvested lymph nodes in the
robotic group and a shorter distal resection margin
for laparoscopic patients but the three-year overall
survival and disease-free survival rates were similar
between groups.
Feroci F, Vannucchi A, Bianchi PP, Cantafio S, Garzi A,
Formisano G, Scatizzi M. Total mesorectal excision for mid
and low rectal cancer: Laparoscopic vs robotic surgery. World J
Gastroenterol 2016; 22(13): 3602-3610 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i13/3602.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i13.3602

MATERIALS AND METHODS
Study population and patient selection

This is a retrospective study on a prospectively collected
database containing 111 patients who underwent
minimally invasive rectal resection with total mesorectal
excision (TME) for curative intent. The patients all had
a diagnosis of middle and low rectal adenocarcinoma
(tumour located within 12 cm from the anal verge). The
enrolled patients were from two Italian institutions; the
Unit of General and Oncologic Surgery, Santo Stefano
Hospital, Prato and the Unit of Minimally Invasive
Surgery, Division of General and Laparoscopic Surgery,
European Institute of Oncology, University of Milan. The
Institutional Review Boards of both hospitals approved
the study.
Patients considered for minimally invasive surgery
were enrolled between January 1, 2008 and December

INTRODUCTION
Several randomized clinical trials have shown the
long-term oncologic results of laparoscopic versus
[1-3]
open surgery for colorectal cancer . The recently
published long-term results of the COLOR II trial state
that laparoscopic surgery in patients with rectal cancer
produces similar rates of locoregional recurrence,
3-year disease-free survival and 3-year overall survival
[4]
as open surgery . However, technical difficulties
associated with laparoscopic resection and the
extensive training required to perform the operation
have limited its dissemination outside specialized
[5-7]
centres . A robot-assisted approach could potentially
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local and systemic recurrences were counted as a
local recurrence. A distant metastasis was considered
a metastatic lesion diagnosed in other organs beyond
the primary site.

31, 2014. The exclusion criteria included emergency
cases, patients with clinical T4 or metastatic dis
ease, and those with contraindication for prolonged
pneumoperitoneum. All surgeries were performed
by the expert surgeons MS (Santo Stefano Hospital,
Prato) and PPB (European Institute of Oncology,
University of Milan). Both surgeons have performed
more than 100 laparoscopic colorectal resections. The
robotic resections were executed by a single surgeon
(PPB).

Clinical management

The preoperative patient work-up included a colono
scopy with biopsy, standard blood testing, thoracicabdominal computed tomography (CT), transrectal
ultrasonography (US), and pelvic magnetic resonance
imaging (MRI) if necessary. For locally advanced
disease (clinical stage T3 N0 or any T N+) that
was confirmed by MRI and/or US we considered
neoadjuvant CRT. After neoadjuvant therapy, the
patients received a thoracic-abdominal CT for res
taging. A radical surgical treatment was proposed in
all cases, including the patients with a pathological
[22]
complete response . Surgery was performed 8 wk
after the completion of RT, when tumour regression
[23]
was maximal .
Total mesorectal excision was the standard
procedure for middle and low rectal cancer. The
surgical techniques were performed as described
[24,25]
in previous reports
. The tumour height and
the absence of direct tumour invasion into the
levator ani muscle or sphincter muscle were the
primary considerations for sphincter-preserving
procedures. Both institutions applied similar fasttrack protocols and similar discharge criteria for the
perioperative management of colorectal surgical
[26]
patients . Neoadjuvant and adjuvant therapies were
administered according to the Italian National Institute
of Health recommendations and the most current
[27]
NCCN guideline for rectal cancer . The discharged
patients received a physical examination and tumour
marker analysis at 1 mo, 3 mo, and then every 3 mo
for the first 3 years. The patients were then evaluated
every 6 mo until 5 years after surgery. Each patient
was evaluated by colonoscopy at 1 year and 3 years
after surgery and then every 5 years. We obtained
chest and abdominopelvic computed tomography
scans every 6 mo for the first 3 years. We then
obtained scans every 12 mo until 5 years after surgery
to detect local recurrence or systemic metastasis
during the follow-up period.

Data collection and evaluation parameters

The preoperative data included the following: ge
neral patient characteristics, American Society of
Anaesthesiologists (ASA) score, body mass index
(BMI), previous neoadjuvant treatment, distance of the
lesion from the anal verge, and tumour biomarkers.
The intraoperative data consisted of the following:
surgical time including the docking of the robot,
adjunct procedures, intraoperative complications,
blood loss, ileostomy, and conversions to laparotomy.
The postoperative results included first bowel
movement, hospital length of stay, postoperative
surgical and non-surgical complications, and need
for revision surgery. The postoperative complications
were defined as adverse events that occurred within
30 d after surgery. All of the complications were
diagnosed and categorized according to patient’s
symptoms with the aid of laboratory and radiological
evaluation to confirm clinical suspicions. The diagnosis
of anastomotic leakage was based on clinical suspicion
and required contrast radiography (radiograph or
computed tomographic scan) or surgery to confirm
the diagnosis. The signs of clinical leakage included
abdominal pain or fever, discharge of pus or bowel
contents through the indwelling drain, and local
or generalized peritonitis. The total numbers of
postoperative complications were counted for all
cases related to morbidity. The postoperative surgical
complications were also stratified by the Clavien-Dindo
[18]
classification .
The tumour-node-metastasis (TNM) stage, resec
tion margins, numbers of harvested lymph nodes,
lymphovascular invasion, and circumferential resection
margin (CRM) were evaluated for analysis of the
pathologic outcomes. The involved CRM was defined
when the tumour was located 1 mm or less from the
[19]
CRM . The pathologic analyses conducted after 2010
used the criteria of the American Joint Committee
[20]
on Cancer seventh edition . TNM stages evaluated
[21]
before 2010
have been reviewed according to the
newest edition.
All patients undergoing surgery were registered
in our database and received close follow-up. We
calculated the 3-year overall survival and disease-free
survival rates. A local recurrence was defined as the
relapse of the tumour at the primary site confirmed
by radiological or histological evidence. Simultaneous

WJG|www.wjgnet.com

Statistical analysis

The differences in clinically important baseline
characteristics, intraoperative outcomes, shortterm (30-d) postoperative outcomes and longterm (3-year) outcomes were compared between
the laparoscopic and robotic cohorts. A univariate
analysis was performed using the Mann-Whitney U
2
test for continuous variables. The χ test was used for
categorical variables. A p values < 0.05 was considered
statistically significance for all analyses and all tests
were two-sided. The univariate results are reported as
median (interquartile range) or frequency (percent).
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time spent for the docking of the robot. The median
surgical time was 192 min (range 90-335 min) in the
L-TME group (p < 0.001). A transanal mechanical end
to end anastomosis was performed in all the robotic
procedures and in 54 laparoscopic patients. There
was a manual coloanal anastomosis executed in the
remaining four L-TME cases. There were eight adjunct
procedures in the laparoscopic group that included the
following: one prolonged lysis of visceral adhesions,
one cholecystectomy, two urologic procedures, one left
adrenalectomy, two liver biopsies, and one resection
of jejunal gastro intestinal stromal tumour. There were
the following five adjunct procedures performed in the
robotic surgery group: two hysterectomy and salpingooopherectomy, two cholecystectomies and one urologic
procedure. There were no intraoperative complications
in either group. There were no signiﬁcant differences
for intraoperative bleeding or diverting ileostomy. There
was one conversion to laparotomy in the laparoscopic
due to the presence of extensive visceral adhesions
and there were two conversions in the robotic group
(p = 0.605). The cause of conversion to laparotomy
in both robotic procedures was the need to resect the
anastomotic colon after the intraoperative identification
of ischemia. The other robotic case was converted to
conventional laparoscopy for the same reason. The day
of first bowel movement, perioperative morbidity, and
rate of revision surgery were similar between groups.
However, patients who underwent laparoscopic surgery
stayed at the hospital two days longer than the robotic
group patients (8 d for L-TME and 6 d for R-TME, p <
0.001). There were no 30-d mortalities (Table 2).

Table 1 Patient characteristics n (%)
L-TME
(n = 58)
Age1 (yr)
Sex
Male
Female
BMI1 (kg/m2)
ASA score
1
2
3
Neoadjuvant therapy
Tumour location from
anal verge1 (cm)
CEA1
CA 19.91

R-TME
(n = 53)

66 (33-80)

66 (42-84)

42 (72.4)
16 (27.6)
24.6 (19-37)

27 (50.9)
26 (49.1)
24.6 (18-31)

7 (12.1)
31 (53.4)
20 (34.5)
25 (43.1)
8 (3-12)

11 (20.8)
33 (62.3)
9 (16.9)
26 (49.1)
8 (4-12)

1.55 (0.6-51.6)
7.85 (0.8-241)

1.65 (0.5-11.1)
7.5 (2-905)

P value
0.597
0.031

0.512
0.082

0.571
0.607
0.803
0.896

1

Median (range). L-TME: Laparoscopic total mesorectal excision; R-TME:
Robotic total mesorectal excision; BMI: Body mass index; ASA: American
Society of Anesthesiologists.

The patient overall survival and disease free survival
were calculated using the Kaplan-Meier method and
were compared with the log-rank test. All data were
analysed on an intention-to-treat basis. The data were
©
tabulated using a Microsoft Excel spreadsheet (Excel
©
for Windows ; Microsoft Corporation, Redmond, WA,
©
United States) and were processed with SPSS 16.0
for Windows (SPSS, Chicago, IL, United States).
The overall survival for both groups was calculated
as the interval from surgery to death and disease free
survival was calculated as the interval from surgery to
the first diagnosis of recurrence. Due to the current
lack of a uniform consensus regarding the definition
of conversion to laparotomic surgery, we defined a
converted rectal resection as any interruption of the
minimally invasive approach (laparoscopic or robotic)
and subsequent use of a conventional abdominal
incision for completion of the operation.

Postoperative pathologic assessment

The tumour stage distribution and lymphovascular
invasion did not differ between groups. The factors
indicating the mesorectal excision quality such as
invasion of distal resection margin (DRM) and positivity
of CRM were not signiﬁcantly different. The CRM
was less than 1 mm in one laparoscopic patient (p =
0.523) and the DRM was involved in one laparoscopic
and one robotic patient (p = 0.729). The median
number of harvested nodes was 11 (range 3-27) in
the laparoscopic group and 18 (range 4-49) in the
robotic group (p < 0.001). The median length of DRM
was 1.5 cm (range 0.5-5 cm) for the L-TME and 2.5
cm (range 0.5-10 cm) cm for the R-TME (p < 0.001).
A pathological complete response after neoadjuvant
therapy was observed in 6 (10.3%) laparoscopic
patients and in 5 (9.4%) robotic cases (p = 0.381).
Our results are comparable with data reported in a
[22]
recent meta-analysis (Table 3).

RESULTS
Patient characteristics

There were 58 laparoscopic rectal resections with TME
(L-TME) and 53 robotic rectal resections with TME
(R-TME).
There were no significant differences between
groups for age and Body Mass Index. There were
more males in the laparoscopic group (p = 0.031). The
ASA score showed no signiﬁcant differences between
the laparoscopic and robotic patients and a score of
2 was the most common value in both groups. The
groups were similar with respect to tumour location,
preoperative presence of tumour markers, and rate of
patients who underwent preoperative CRT (Table 1).

Oncologic long-term outcomes

The median follow-up period for all cases was 37.4
mo (range 2-85 mo). There were no patients lost to
follow-up. There was no significant difference in the
administration of adjuvant chemotherapy between

Perioperative clinical outcomes

The median surgical time was 342 min (range
249-536 min) in the R-TME group, which includes

WJG|www.wjgnet.com
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Table 2 Perioperative outcomes n (%)

Operative time1 (min)
Anastomosis
Mechanical transanal
Manual coloanal
Adjunctive procedure
Diverting ileostomy
Intraoperative blood loss2 (mL)
Conversion to laparotomy
Hospital stay1 (d)
First bowel movement1
(postoperative day)
Total morbidity
Surgical morbidity
Anastomotic leak
Peritoneal haemorrhage
Stomal stricture
Wound infection
Ileus
Abdominal pain3
Other surgical complications
Non surgical morbidity
Reoperation
Clavien-Dindo Classification
0
1
2
3a
3b
4a
4b

Table 3 Pathologic evaluation n (%)

L-TME

R-TME

(n = 58)

(n = 53)

192 (90-335)
54 (93.1)
4 (6.9)
8 (13.8)
43 (74.1)
47.4 (0-400)
1 (1.7)
8 (5-53)
1 (1-6)

P value
TNM stage
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Pathological complete response
Total harvested lymph nodes1
DRM1 (cm)
DRM
Involved
Non involved
CRM
Involved
Non involved
Lymphovascular invasion

342 (249-536) < 0.001
0.120
53 (100)
0
5 (9.4)
0.562
41 (77.4)
0.825
60.8 (0-400)
0.510
2 (3.8)
0.605
6 (3-17)
< 0.001
1 (1-6)
0.904

26 (44.8)

17 (32.1)

0.122

8 (13.8)
2 (3.4)
3 (5.2)
2 (3.4)
4 (6.8)
2 (3.4)
5 (8.6)
11 (19.0)
8 (13.8)

3 (5.7)
1 (1.9)
1 (1.9)
0
3 (5.7)
3 (5.7)
3 (5.7)
6 (11.4)
3 (5.7)

0.208
0.534
0.620
0.496
0.551
0.457
0.410
0.302
0.208
0.297

32 (55.2)
9 (15.5)
7 (12.1)
2 (3.4)
4 (6.8)
2 (3.4)
2 (3.4)

36 (67.9)
5 (9.4)
8 (15.1)
1 (1.9)
3 (5.7)
0
0

R-TME
(n = 53)

28 (48.3)
11 (19.0)
13 (22.4)
6 (10.3)
11 (3-27)
1.5 (0.5-5)

22 (41.5)
8 (15.1)
18 (34.0)
5 (9.4)
18 (4-49)
2.5 (0.5-10)

1 (1.7)
57 (98.3)

1 (1.9)
52 (98.1)

1 (1.7)
57 (98.3)
10 (17.2)

0
53 (100)
5 (9.4)

P value
0.716

0.381
< 0.001
< 0.001
0.729

0.523

0.087

1

Median (range). L-TME: Laparoscopic total mesorectal excision; R-TME:
Robotic total mesorectal excision; DRM: Distal resection margin; CRM:
Circumferential resection margin.

Table 4 Long-term outcomes n (%)

Adjuvant chemotherapy
Distant recurrence
Local recurrence
Overall mortalit
Mortality for rectal cancer
3-yr overall survival (%)
3-yr disease-free survival (%)

1

Median (range); 2Mean (range); 3Without other causes. L-TME: Lapa
roscopic total mesorectal excision; R-TME: Robotic total mesorectal
excision.

L-TME

R-TME

(n = 58)

(n = 53)

25 (43.1)
5 (8.6)
3 (5.2)
6 (10.3)
4 (6.9)
90.0
83.4

27 (50.9)
9 (17.0)
1 (1.9)
5 (9.4)
4 (7.5)
90.2
79.2

P value
0.700
0.265
0.618
0.564
0.491
0.956
0.268

L-TME: Laparoscopic total mesorectal excision; R-TME: Robotic total
mesorectal excision.

groups. There were local recurrences observed in three
laparoscopic patients (5.2%) and one robotic case
(1.9%, p = 0.618). There were distant metastasis in
nine R-TME cases (17%) and five L-TME cases (8.6%,
p = 0.265). The overall patient mortality rate was
10.3% (6 patients) for the laparoscopic group and
9.4% (5 patients) for the robotic group (p = 0.564).
There were four patient deaths in each group due to
the primary diagnosis of rectal cancer. The remaining
deaths occurred for other reasons (Table 4).
The 3-year overall survival rate (figure 1A) was
90.2% in R-TME group and 90.0% in L-TME group (p
= 0.956). The 3-year disease-free survival rate (figure
1B) was 79.2% in R-TME and 83.4% in L-TME (p =
0.268). There was no mortality or tumour recurrence
in patients achieving a pathological complete response
after neoadjuvant therapy in either group.

the similar rates of diverting ileostomy reflect the
confidence of the robotic surgeon.
Although there were no differences in postoperative
morbidity, the length of hospital stay was longer in
the laparoscopic group for unclear reasons. This result
is consistent with data from a pilot randomized trial
[29]
comparing laparoscopic and robotic TME .
Our evaluation of CRM positivity and DRM invol
vement parameters accessed the quality of mesorectal
excision and showed no significant differences between
robotic and laparoscopic procedures. These results
are oncologically acceptable and comparable to other
[30-32]
reports
. The evidence of a longer median DRM in
the robotic group (2.5 cm for R-TME; 1.5 cm for L-TME;
p < 0.001) may be the result of technical advantages
of the robotic approach because it allows the surgeon
to perform high-quality manoeuvres in narrow spaces
such as the pelvic cavity. Despite this consideration,
a median DRM of 1.5 cm in the laparoscopic group
was adequate and did not compromise the oncological
[33-35]
outcome
.
The total number of harvested lymph nodes was
higher for the robotic group and this finding contrasts
[10-13,36]
previously reported data
. The lower median

DISCUSSION
In this study, the robotic and laparoscopic patients
were comparable with respect to intraoperative, shortterm, and long-term results.
Robotic resections required a longer median
[28]
surgical time, as reported in other series . However,
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The 3-year analysis of the CLASICC trial suggested
there are improved outcomes for early stage rectal
cancer excised laparoscopically compared with open
[48]
surgery . Despite these advantages, laparoscopic
surgery for middle and low rectal cancers can be very
challenging due to technical difficulties. Thus, the MRC
CLASICC trial revealed high conversion rates, CRM
involvement, and an increased incidence of urinary and
[49]
sexual dysfunctions . Although higher CRM infiltration
did not result in increased local recurrence rates, the
concerns regarding laparoscopic rectal cancer surgery
led to decreased use in United Kingdom/ United States
[50,51]
for rectal cancer
. The rate of conversion to open
surgery is critical in minimally invasive rectal cancer
surgery because the converted patients had higher
[45]
complication rates than non- converted cases .
Additionally, one series reported the conversion
[52]
patients had the worst oncological outcomes . The
COREAN trial revealed outcomes of the laparoscopic
approach were comparable to open resection in middle
[53]
and low rectal cancer after neoadjuvant therapy .
However, the low conversion rate of 1.5% and the
excellent oncological outcomes achieved by a high
volume skilled surgeon in low BMI patients may not
be reproducible. All of the procedures in this trial have
been performed by seven highly skilled laparoscopic
specialists (each one performed more than 200
laparoscopic rectal resections). This suggests that
excellent results in laparoscopic rectal cancer surgery
can be achieved in expert surgeons. A recent study
assessing the learning period for laparoscopic TME
stated that 90 operations were required to achieve
adequate oncological safety. However, fewer surgeries
[35]
were needed to achieve operative safety .
Robot-assisted surgery may overcome several
technical limitations of conventional laparoscopy
such as a stable and high-definition 3D image, finer
dissection with articulated tools, and better ergonomics
for the surgeon. Several meta-analyses comparing
[10-14]
robotic and laparoscopic TME
showed there was
a lower percentage of conversion for robotic surgery.
However, intraoperative reports indicate there are no
significant differences in short-term and oncologic
outcomes between the two approaches.
We did not evaluate the costs and preservation of
genitourinary function in this study. One of the main
concerns regarding robotic technology is the expense
and maintenance of the equipment. Baek showed
there are increased costs in robotic rectal resection
[54]
compared to the standard laparoscopic procedure .
Conversely, recent studies have demonstrated a
superiority of robotic rectal resection in recovery
[55,56]
of urinary voiding and sexual function
due to
improved visualization of the autonomic plexii in the
pelvis. We are waiting for the results of the ROLARR
and COLRAR trials to better define the optimal surgical
approach in patients with advanced middle and low
rectal cancer.
There are several aspects of our study that me
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Figure 1 The 3-year overall (A) and disease-free (B) survival rate between
robotic and laparoscopic total mesorectal excision surgical procedures.
DTS: disease-free survival; OS: overall survival; L-TME: Laparoscopic total
mesorectal excision; R-TME: Robotic total mesorectal excision.

number of resected lymph nodes for L-TME did not
translate into higher rates of recurrence or mortality.
This finding demonstrates the lymphadenectomy
was accurate in both the laparoscopic and robotic
procedures.
The 3-year survival rates of this study did not
differ significantly between groups and is comparable
with previously reported 3-year and 5-year out
[14,37-39]
comes
.
The advantages of laparoscopic TME compared to
the open approach have been examined in several
[40-43]
studies
. The procedure has been described as
oncologically safe and is associated with the standard
benefits of minimally invasive techniques. Recent
trials have reported long-term oncologic outcomes
of laparoscopic TME and have shown survival rates
[31,44-47]
similar to those obtained with open surgery
.
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rit discussion. First, the patients were assigned to
robotic surgery or laparoscopy in an uncontrolled
and nonrandomized manner, which is a limitation.
However, to reduce the margin of error the data were
obtained independently by two authors. Additionally,
the retrospective nature of this study is a limitation.
However, both surgical centres followed similar
perioperative and oncological protocols. Therefore,
clinical differences were reduced. Furthermore, this
study was limited by its small sample size.
In conclusion, our observations suggest that L-TME
and R-TME can be safely performed at high volume
centres for rectal cancer. Both procedures achieve
acceptable clinical and oncologic outcomes. Moreover,
the robotic technique shows some advantages in rectal
surgery that should be validated by further studies.

3

4
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Abstract
AIM: To compare the risk of developing advanced
colorectal neoplasm (ACRN) according to age in
Koreans.
METHODS: A total of 70428 Koreans from an oc
cupational cohort who underwent a colonoscopy
between 2003 and 2012 at Kangbuk Samsung Hospital
were retrospectively selected. We evaluated and
compared odds ratios (OR) for ACRN between the
young-adults (YA < 50 years) and in the older-adults
(OA ≥ 50 years). ACRN was defined as an adenoma
≥ 10 mm in diameter, adenoma with any component
of villous histology, high-grade dysplasia, or invasive
cancer.
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RESULTS: In the YA group, age (OR = 1.08, 95%CI:
1.06-1.09), male sex (OR = 1.26, 95%CI: 1.02-1.55),
current smoking (OR = 1.37, 95%CI: 1.15-1.63),
family history of colorectal cancer (OR = 1.46, 95%CI:
1.01-2.10), diabetes mellitus related factors (OR =
1.27, 95%CI: 1.06-1.54), obesity (OR = 1.23, 95%CI:
1.03-1.47), CEA (OR = 1.04, 95%CI: 1.01-1.09)
and low-density lipoprotein-cholesterol (OR = 1.01,
95%CI: 1.01-1.02) were related with an increased risk
of ACRN. However, age (OR = 1.08, 95%CI: 1.06-1.09),
male sex (OR = 2.12, 95%CI: 1.68-2.68), current
smoking (OR = 1.38, 95%CI: 1.12-1.71), obesity
(OR = 1.34, 95%CI: 1.09-1.65) and CEA (OR = 1.05,
95%CI: 1.01-1.09) also increased the risk of ACRN in
the OA group.

that most CRC arises from colorectal adenomas
[4]
(CRA) . Especially, advanced CRA is a definite
precancerous lesion and the development of CRC
can be prevented with a screening colonoscopy that
[5]
detects and removes advanced CRA .
Unlike other cancers, no single risk factor accounts
[6]
for most cases of CRC . It has been reported that
old age, male sex, family history, diabetes mellitus
(DM), smoking, alcohol, obesity and inflammatory
bowel disease were related with the development of
advanced colorectal neoplasm (ACRN) and modifiable
factors including dietary factor and exercise affect
[6]
ACRN as well .
Recently, screening using colonoscopy has de
[7,8]
creased the incidence of CRC
. However, the
prevalence of ACRN is still around 3.5% in subject
[9]
younger than 50 years and rectal cancer is also
[10]
increased in this group . In many countries including
South Korea, fecal occult blood testing or colonoscopy
is used for CRC screening starting at the age of
[11,12]
50
. Few studies investigate the risk factors for
ACRN in large cohorts of subjects younger than 50
years. In these backgrounds, the aim of the present
study was to compare the differences for risk factors
of ACRN between the subjects younger or older than
50 years in a large population of Korean subjects who
underwent screening a colonoscopy.

CONCLUSION: The risks of ACRN differed based on
age group. Different colonoscopic screening strategies
are appropriate for particular subjects with risk factors
for ACRN, even in subjects younger than 50 years.
Key words: Y o u n g - a d u l t ; A d v a n c e d c o l o r e c t a l
neoplasm; Risk factors; Age; Metabolic abnormality
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The development of colorectal cancer
can be prevented through screening colonoscopy
with detection and removal of advanced colorectal
adenomas. Age is an important risk factor for
development of advanced colorectal neoplasm (ACRN).
Risk factors for the development of ACRN differ
between young adults (YA, < 50 years) and older
adults (OA, ≥ 50 years). Metabolic abnormalities
including diabetes mellitus related factors and serum
level of low-density lipoprotein-cholesterol were more
related with increased risk of ACRN in the YA group.
Different colonoscopic screening strategies would be
appropriate to the particular subjects with risk factors
for ACRN, even those younger than 50 years.

MATERIALS AND METHODS
Study population

The study population consisted of subjects who
underwent a comprehensive health examination
between 2003 and 2012 at Kangbuk Samsung Hospital,
College of Medicine, Sungkyunkwan University. We
excluded (1) patients with a history of other cancers; (2)
patients with a history of inflammatory bowel disease;
(3) patients who had taken a previous colonoscopy; (4)
patients who had undergone colon surgery; (5) patients
who had an incomplete colonoscopy; and (6) patients
with missing data. The flow chart of subject inclusion
and exclusion of subjects in analysis is described in
figure 1. The study population was classified into two
groups according to age. Patients who were younger
than 50 were defined as the young-adult (YA) group
and while those who were older than 50 were assigned
to the older-adult (OA) group. This study was approved
by the Institutional Review Board of Kangbuk Samsung
Hospital.

Kim JY, Jung YS, Park JH, Kim HJ, Cho YK, Sohn CI, Jeon WK,
Kim BI, Choi KY, Park DI. Different risk factors for advanced
colorectal neoplasm in young adults. World J Gastroenterol 2016;
22(13): 3611-3620 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i13/3611.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i13.3611

INTRODUCTION

Measurements

Data on medical history, medication use, and healthrelated behaviors were collected through a selfadministered questionnaire under the supervision of
a well-trained interviewer. Alcohol consumption and
cigarette smoking were identified. A heavy drinker was
defined as a subject who drinks more than 4 times per
week. Family history of CRC was defined as CRC in one

Colorectal cancer (CRC) has primarily been considered
a Western disease, however, the incidence and
mortality of CRC has been increasing in Asia, especially
[1]
in South Korea . The estimated age-standardized rate
of CRC was high in world-wide of 45.0 per 100000 in
[2,3]
South Korea . CRC has become an important clinical
burden in South Korea. It has been well documented
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Potential participants identified
(n = 121794)

Exclusions (n = 35247)
Other cancer patients: 1304
Inflammatory bowel disease patients: 499
Previous colonoscopy: 27160
Previous history of colon surgery: 68
incomplete study: 6266

Potential participants identified
(n = 86547)

Exclusions (n = 16119)
Missing data: 16119

Participants identified for analyses
(n = 70428)

Figure 1 Flow diagram of subject enrollment.

in Seoul, South Korea has been accredited by the
Korean Society of Laboratory Medicine and the
Korean Association of Quality Assurance for Clinical
Laboratories.
In the present study, the authors evaluated the
effect of metabolic abnormalities (MetA) on the
development of ACRN. MetA was defined according to
the modified National Cholesterol Education Program
[14]
Adult Treatment Panel (NCEP-ATP) Ⅲ criteria
as
follows: (1) triglycerides ≥ 150 mg/dl or specific
treatment for this lipid abnormality; (2) high-density
lipoprotein cholesterol < 40 mg/dl for men and <
50 mg/dl for women; (3) elevated blood pressure ≥
130/85 mmHg or use of antihypertensive medications
as hypertension (HTN)-related factors; and (4) fasting
plasma glucose ≥ 100 mg/dl, hemoglobin A1c ≥
6.5%, or use of diabetes medications as DM-related
factors.

or more first-degree relatives at any age. The weekly
frequency of moderate to vigorous physical activity
was also assessed.
Physical characteristics and serum biochemical
parameters were measured by a trained nurse. Body
weight was measured with subjects wearing light
clothing and no shoes. Body mass index (BMI) was
calculated as weight in kilograms divided by height in
meters squared. The Asia-Pacific criteria for obesity
based on BMI guidelines were used to diagnose
[13]
2
obesity . Subjects with a BMI ≥ 25 kg/m were
defined as obese. Trained nurses measured blood
pressure using standard mercury sphygmomanometers
with subjects seated after at least 10 min of rest.
Blood samples were taken from the antecubital
vein after at least 10 h of fasting. Serum triglyceride
and total cholesterol levels were determined using an
enzymatic colorimetric assay; low-density lipoproteincholesterol (LDL-C) and high-density lipoproteincholesterol (HDL-C) levels were determined using a
homogeneous enzymatic colorimetric assay. Serum
carcinoembryonic antigen (CEA) and hemoglobin
A1c (HbA1c) levels were measured by immunoassay.
Serum insulin level was measured using an elec
trochemiluminescence immunoassay on the Modular
Analytics E170 apparatus (Roche Diagnostics).
Serum fasting glucose level was measured using
the hexokinase method on the Cobas Integra 800
apparatus (Roche Diagnostics). The Laboratory
Medicine Department at Kangbuk Samsung Hospital

WJG|www.wjgnet.com

Diagnosis of colorectal neoplasm

Colonoscopies were performed by experienced colo
noscopists unaware of the present study. Bowel
preparations were carried out using 4 L of polyethylene
glycol solution. Most subjects were consciously sedated
with midazolam and pethidine. Histological assessment
of all polyps was performed by experienced pathologists
unaware of the subjects’ clinical data. ACRN was
defined as an adenoma ≥ 10 mm in diameter, adenoma
with any component of villous histology, high-grade
[15]
dysplasia, or invasive cancer .
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Table 1 Baseline characteristics of 70428 subjects n (%)

Age (year, mean ± SD)
Sex
Male
Female
BMI (kg/m2, mean ± SD)
Obesity1
Smoking
Never
Former
Current
Alcohol intake
No
Moderate
Heavy2
CRC family history
SBP (mmHg)
DBP (mmHg)
HTN-R3
DM-R4
Regular exercise5
Fasting glucose (mg/dL)
Insulin (μIU/mL)
HbA1c (%)
Total-C (mg/dL)
Triglyceride (mg/dL)
Triglyceride ≥ 150 mg/dL
HDL-C (mg/dL)
HDL-C abnormality6
LDL-C (mg/dL)
CEA (ng/mL)
ACRN7
CRC

Total

< 50 yr

≥ 50 yr

(n = 70428)

(n = 59782)

(n = 10646)

41.6 ± 8.3

38.9 ± 5.3

56.5 ± 5.8

48868 (69.4)
21560 (30.6)
23.8 ± 3.1
23658 (33.6)

42644 (71.3)
17138 (28.7)
23.8 ± 3.2
19955 (33.4)

6244 (58.5)
4422 (41.5)
24.1 ± 2.8
3703 (34.8)

38955 (55.3)
11480 (16.3)
19993 (28.4)

33071 (55.3)
9610 (16.1)
17101 (28.6)

5884 (55.3)
1870 (17.6)
2892 (27.2)

22090 (31.4)
46026 (65.4)
2312 (3.3)
2779 (3.9)
113.3 ± 13.0
72.6 ± 9.6
23871 (33.9)
16886 (24.0)
38379 (54.5)
93.6 ± 14.8
5.3 ± 5.1
5.7 ± 0.5
199.8 ± 34.7
116.0 ± 76.3
15456 (21.9)
55.1 ± 13.8
10901 (15.5)
124.9 ± 32.0
1.62 ± 1.61
960 (1.4)
54 (0.1)

18517 (31.0)
39404 (65.9)
1861 (3.1)
2111 (3.5)
113.0 ± 12.9
72.3 ± 9.5
19227 (32.2)
11983 (20.0)
33398 (55.9)
92.9 ± 13.7
5.1 ± 3.3
5.6 ± 0.5
198.6 ± 34.3
115.3 ± 76.7
12957 (21.7)
55.2 ± 13.8
8727 (14.6)
124.1 ± 31.7
1.58 ± 1.61
564 (0.9)
25 (0.1)

3573 (33.6)
6622 (62.2)
451 (4.2)
668 (6.3)
115.0 ± 13.7
74.1 ± 9.8
4644 (43.6)
3718 (34.9)
4981 (46.8)
97.7 ± 19.2
6.2 ± 10.5
5.8 ± 0.7
206.4 ± 36.2
119.5 ± 73.8
2499 (23.5)
54.8 ± 13.8
2174 (20.4)
129.0 ± 33.1
1.83 ± 1.58
396 (3.7)
29 (0.3)

P value
< 0.001
< 0.001

< 0.001
0.005
< 0.001

< 0.001

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.000
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1

BMI ≥ 25 kg/m2; 2More than 4 times per week as heavy; 3Elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive medications; 4Fasting
plasma glucose ≥ 100 mg/dL or hemoglobin A1c ≥ 6.5%, or use of diabetes medications; 5More than once per week; 6HDL-C < 40 mg/dl for men or < 50
mg/dl for women; 7ACRN was defined as a polyp size of ≥ 10 mm in diameter, polyp with any component of villous histology, high-grade dysplasia,
or invasive cancer. SD: standard deviation; BMI: body mass index; CRC: colorectal cancer; SBP: systolic blood pressure; DBP: diastolic blood pressure;
HTN-R: hypertension-related factors; DM-R: diabetes mellitus-related factors; HbA1c: hemoglobin A1c; Total-C: total cholesterol; HDL-C: high-density
lipoprotein-cholesterol; LDL-C: low-density lipoprotein-cholesterol; CEA: carcinoembryonic antigen; ACRN: advanced colorectal neoplasm.

Statistical analysis

at Kangbuk Samsung Hospital between 2003 and
2012. We excluded 1304 subjects with other cancers,
499 patients with inflammatory bowel disease, 27160
subjects with a previous colonoscopy, 68 subjects
with a history of colon surgery, 6266 subjects with
an incomplete colonoscopy and 16119 subjects with
missing data. Finally, 70428 subjects were included in
this analysis (Figure 1).
There were 59782 subjects younger than 50 and
10646 subjects older than 50. Baseline characteristics
of YA and OA subjects are described in Table 1. The
mean age of the YA group was 38.9 ± 5.3 years and
that of the OA group was 56.5 ± 5.8 years. There
were more males in the YA group (71.3%) than in the
OA group (58.5%, P < 0.001). There were 960 total
cases of ACRN (1.4%), with 564 cases (0.9%) in the
YA group and 396 cases (3.7%) in the OA group. The
prevalence of CRC was also more frequent in the OA
group (0.3%) than in the YA group (0.1%). Baseline
characteristics of male and female subjects are

Continuous variables including age, BMI, blood pressure
and laboratory values were expressed as mean ± SD
and compared using the Student’s t-test. Categorical
variables including sex, alcohol consumption, smoking
status, CRC family history, underlying metabolic
condition, regular exercise and development of CRC
were expressed as percentages and analyzed using the
χ 2 test. We used multiple logistic regression analysis
to determine the odds ratios (OR) for developing
ACRN. P values < 0.05 were considered statistically
significant. All data analysis was performed using SPSS
for Windows (version 18.0; SPSS, Chicago, IL, United
States). The present study was reviewed by our expert
biostatistician, Lee MY.

RESULTS
A total of 121794 subjects underwent a screening
colonoscopy and a comprehensive health examination
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Table 2 Multivariate analysis of risk factors for the development of advanced colorectal neoplasm in subjects under 50

Age
Sex
Female
Male
Smoking
Never/former
Current
CRC family history
No
Yes
DM-R
No
Yes
Obesity
No
Yes
LDL-C
CEA

n (%)

OR

95%CI

P value

564/59782 (0.9)

1.08

1.07-1.10

< 0.001

123/17138 (0.7)
441/42644 (1.0)

1.26

Reference
1.02-1.55

0.036

358/42681 (0.8)
206/17101 (1.2)

1.37

Reference
1.15-1.63

< 0.001

533/57671 (0.9)
31/2111 (1.5)

1.46

Reference
1.01-2.10

0.044

405/47799 (0.8)
159/11983 (1.3)

1.27

Reference
1.06-1.54

0.012

327/39827 (0.8)
237/19955 (1.2)
564/59782 (0.9)
564/59782 (0.9)

1.23
1.01
1.04

Reference
1.03-1.47
1.01-1.02
1.01-1.09

0.021
0.006
0.031

Adjusted for age, sex, smoking, alcohol, obesity (body mass index ≥ 25 kg/m2), triglyceride ≥ 150 mg/dL, HDL-C abnormality (HDL-C < 40 mg/dl for
men or < 50 mg/dl for women), LDL-C, DM-R (fasting plasma glucose ≥ 100 mg/dl or hemoglobin A1c ≥ 6.5%, or use of diabetes medications), HTN-R
(elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive medications), insulin, regular exercise, CRC family history and CEA. OR: odds ratio;
CI: confidence interval; CRC: colorectal cancer; DM-R: diabetes mellitus-related factors; HTN-R: hypertension-related factors; CEA: carcinoembryonic
antigen; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol.

described in Supplementary Table 1.
ORs were calculated for each risk factors for ACRN
in YA subjects (Table 2). Even in the YA group, age (OR
= 1.08, 95%CI: 1.07-1.10, P < 0.001) was related
with increased risk of ACRN. Risk was also increased
in males (OR = 1.26, 95%CI: 1.02-1.55, P < 0.001)
and current smokers (OR = 1.37, 95%CI: 1.15-1.63,
P < 0.001). A family history of CRC (OR = 1.46,
95%CI: 1.01-2.10, P = 0.044) was also related with
ACRN. Metabolic factors significantly affected ACRN
development. Subject with DM-related factors (OR =
1.27, 95%CI: 1.06-1.54, P = 0.012), obesity (OR =
1.23, 95%CI: 1.03-1.47, P = 0.021) and serum LDL-C
levels (OR = 1.01, 95%CI: 1.01-1.02, P = 0.006)
increased risk of ACRN. Serum CEA level (OR = 1.04,
95%CI: 1.01-1.09, P = 0.031) was also related with
the development for ACRN. The risk factors of ACRN
in the YA group were also analyzed by sex (Table 3).
In females, only age (OR = 1.08, 95%CI: 1.04-1.11,
P < 0.001) and serum CEA levels (OR = 1.12, 95%CI:
1.02-1.23, P = 0.023) were related with ACRN.
However, in males, age (OR = 1.09, 95%CI: 1.07-1.10,
P < 0.001), current smoking (OR = 1.54, 95%CI:
1.27-1.87, P < 0.001), CRC family history (OR = 1.58,
95%CI: 1.06-2.36, P = 0.026), DM-related factors (OR
= 1.34, 95%CI: 1.09-1.65, P = 0.005), obesity (OR
= 1.24, 95%CI: 1.02-1.50, P = 0.028), serum LDL-C
level (OR = 1.01, 95%CI: 1.01-1.02, P = 0.008) and
serum CEA level (OR = 1.03, 95%CI: 1.01-1.05, P =
0.014) related with ACRN.
In the OA group, age (OR = 1.08, 95%CI:
1.06-1.09, P < 0.001) and male sex (OR = 2.12,
95%CI: 1.68-2.68, P < 0.001) were also significantly
related with ACRN. ACRN was increased in smokers
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(OR = 1.38, 95%CI: 1.12-1.71, P = 0.003) and obese
subjects (OR = 1.34, 95%CI: 1.09-1.65, P = 0.005).
Serum CEA levels (OR = 1.05, 95%CI: 1.01-1.09, P =
0.022) also related with ACRN (Table 4). Risk factors
for ACRN in the OA group by sex were also assessed
(Table 5). In females, only age (OR = 1.04, 95%CI:
1.01-1.08, P = 0.006) was related with ACRN. In
males, age (OR = 1.09, 95%CI: 1.07-1.11, P < 0.001),
current smoking (OR = 1.44, 95%CI: 1.12-1.79, P
= 0.004), obesity (OR = 1.41, 95%CI: 1.11-1.79, P
= 0.005) and serum CEA level (OR = 1.04, 95%CI:
1.01-1.08, P = 0.023) related with ACRN. Whereas,
family history of CRC showed a protective effect (OR =
0.55, 95%CI: 0.31-0.96, P = 0.037).

DISCUSSION
The present study evaluated different risk factors for
ACRN according to age and sex groups. To the best
of our knowledge, this is the first study to compare
laboratory factors, anthropometric data and life habits
between the age groups in a large population when
evaluating the risk of ACRN.
Many studies have evaluated age as an important
[16-18]
risk factor for development of CRA and CRC
. In
the present study, the prevalence of ACRN and CRC
were significantly greater in the OA group (3.7% and
0.3%, respectively) than in the YA group (0.9% and
0.1%, respectively). Age was also an important risk
factor for ACRN in the OA and YA groups and in the
male and female subgroups. In particular, it was the
only risk factor for ACRN in the female subgroup of
the OA group. Therefore, age should be regarded as
a critical factor in screening colonoscopy. The authors
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Table 3 Multivariate analysis of risk factors for the development of advanced colorectal neoplasm in subjects under 50 according to sex

Female (n = 17138)
Age
CEA
Male (n = 42644)
Age
Smoking
Never/former
Current
CRC family history
No
Yes
DM-R
No
Yes
Obesity
No
Yes
LDL-C
CEA

n (%)

OR

95%CI

P value

123/17138 (0.7)
123/17138 (0.7)

1.08
1.12

1.04-1.11
1.02-1.23

< 0.001
0.023

441/42644 (1.0)

1.09

1.07-1.10

< 0.001

255/29005 (0.9)
186/13639 (1.4)

1.54

Reference
1.27-1.87

< 0.001

415/41174 (1.0)
26/1470 (1.8)

1.58

Reference
1.06-2.36

0.026

300/32967 (0.9)
141/9677 (1.5)

1.34

Reference
1.09-1.65

0.005

226/25027 (0.9)
215/17617 (1.2)
441/42644 (1.0)
441/42644 (1.0)

1.24
1.01
1.03

Reference
1.02-1.50
1.01-1.02
1.01-1.05

0.028
0.008
0.014

Adjusted for age, sex, smoking, alcohol, obesity (body mass index ≥ 25 kg/m2), abdominal obesity (waist circumference ≥ 90 cm for men or ≥ 85 cm for
women), triglyceride ≥ 150 mg/dL, HDL-C abnormality (HDL-C < 40 mg/dl for men or < 50 mg/dl for women), LDL-C, DM-R (fasting plasma glucose
≥ 100 mg/dl or hemoglobin A1c ≥ 6.5%, or use of diabetes medications), HTN-R (elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive
medications), insulin, regular exercise, CRC family history and CEA. OR: odds ratio; CI: confidence interval; CRC: colorectal cancer; DM-R: diabetes
mellitus-related factors; HTN-R: hypertension-related factors; CEA: carcinoembryonic antigen; LDL-C: low-density lipoprotein-cholesterol; HDL-C: highdensity lipoprotein-cholesterol.

Table 4 Multivariate analysis of risk factors for the development of advanced colorectal neoplasm in subjects over 50

Age
Sex
Female
Male
Smoking
Never/former
Current
Obesity
No
Yes
CEA

n (%)

OR

95%CI

P value

396/10646 (3.7)

1.08

1.06-1.09

< 0.001

102/4422 (2.3)
294/6224 (4.7)

2.12

Reference
1.68-2.68

< 0.001

261/7754 (3.4)
135/2892 (4.7)

1.38

Reference
1.12-1.71

0.003

229/6943 (3.3)
167/3703 (4.5)
396/10646 (3.7)

1.34
1.05

Reference
1.09-1.65
1.01-1.09

0.005
0.022

Adjusted for age, sex, smoking, alcohol, obesity (body mass index ≥ 25 kg/m2), triglyceride ≥ 150 mg/dL, HDL-C abnormality (HDL-C < 40 mg/dl for
men or < 50 mg/dl for women), LDL-C, DM-R (fasting plasma glucose ≥ 100 mg/dl or hemoglobin A1c ≥ 6.5%, or use of diabetes medications), HTN-R
(elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive medications), insulin, regular exercise, CRC family history and CEA. OR: odds ratio;
CI: confidence interval; CRC: colorectal cancer; DM-R: diabetes mellitus-related factors; HTN-R: hypertension-related factors; CEA: carcinoembryonic
antigen; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol.

considered screening colonoscopies beginning at 50
years of age to be appropriate and acceptable.
In the present study, male sex was revealed as
a risk factor for ACRN regardless of age group, with
an adjusted OR with 2.12 in the OA group. Previous
studies reported that male sex increased the risk of
[17,19,20]
CRA
. and this association was also found for
[21]
ACRN . Smoking was associated with significantly
increased risk of ACRN in the modifiable factors
through life style modification and this result was
[22,23]
consistent with previous studies
. In the present
study, this relationship was evaluated regardless of age
groups, especially in males. The effect of smoking on
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ACRN according to sex was not clear. A previous study
[24]
reported that smoking affected females more , while
other studies reported the effect of smoking on CRC
[25]
[18]
was similar in both sexes
or greater in males .
Whereas, alcohol consumption was not associated
with ACRN in our study. The effect of alcohol on the
[26,27]
development of ACRN is controversial
. Further
study is required.
A family history of CRC within first degree relatives
[28,29]
is a well-known risk factor for ACRN
. In the
present study, CRC family history was evaluated as
a risk factor of ACRN in the YA group, whereas it
showed a protective effect in the OA group. This was
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Table 5 Multivariate analysis of risk factors for the development of advanced colorectal neoplasm in subjects over 50 according to sex

Female (n = 4422)
Age
Male (n = 6224)
Age
Smoking
Never/former
Current
Obesity
No
Yes
CRC family history
No
Yes
CEA

n (%)

OR

95%CI

P value

102/4422 (2.3)

1.04

1.01-1.08

0.006

294/6224 (4.7)

1.09

1.07-1.11

< 0.001

188/4410 (4.3)
106/1814 (5.8)

1.44

Reference
1.12-1.79

0.004

164/3833 (4.3)
130/2391 (5.4)

1.41

Reference
1.11-1.79

0.005

281/5796 (4.8)
13/438 (3.0)
294/6224 (4.7)

0.55
1.04

Reference
0.31-0.96
1.01-1.08

0.037
0.023

Adjusted for age, smoking, alcohol, obesity (body mass index ≥ 25 kg/m2), triglyceride ≥ 150 mg/dL, HDL-C abnormality (HDL-C < 40 mg/dl for men
or < 50 mg/dl for women), LDL-C, DM-R (fasting plasma glucose ≥ 100 mg/dl or hemoglobin A1c ≥ 6.5%, or use of diabetes medications), HTN-R
(elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive medications), insulin, regular exercise, CRC family history and CEA. OR: odds ratio;
CI: confidence interval; CRC: colorectal cancer; DM-R: diabetes mellitus-related factors; HTN-R: hypertension-related factors; CEA: carcinoembryonic
antigen; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol.

evaluation.
The prevalence of ACRN was 1.0% in females,
which was lower than in males (1.5%). In the OA
group, 2.3% of females and 4.7% of males had
ACRNs, while in the YA group, 0.7% of females and
1.0% of males had ACRN. In the present study, the
effects of obesity and MetA on ACRN were evaluated
only in males, however, there was no such relationship
in females. The mean BMIs of the present study were
2
much lower in females (21.9 ± 3.0 kg/m in the YA
2
group and 23.7 ± 3.0 kg/m in the OA group) than
2
in males (24.6 ± 2.9 kg/m in the YA group and 24.3
2
± 2.6 kg/m in the OA group). Most serum markers
were higher in males than in females. These absolute
values of BMI and serum markers might cause
differences between females and males, although
the details of these effects remain unclear. Previous
studies reported that BMI or MetA was associated
with increased risk of CRC or CRA in males, whereas
[37-41]
this association was generally weaker in females
.
Generally, these differences are considered to be
related to the hormonal status of premenopausal
women. Preclinical data support a role for estrogen
and its receptors in the initiation and progression of
CRC and estrogen can exert protective effects through
[42]
estrogen receptor β . CRC risk increased in subjects
[43]
with MetA , and adipokines can link obesity with CRC
[44]
risk in postmenopausal women . Whereas, recent
studies found significant associations with the risk of
[45]
CRC development even in postmenopausal women .
Further studies are needed to clarify the differences in
risk by sex.
The present study had several limitations. Around
20% of initial subject in YA group and around 30%
of initial subject in OA group were excluded because
they had previous colonoscopy. The authors targeted
subjects at their first screening colonoscopy, so high

due to the fact that this study targeted subjects at
their first screening colonoscopy. In the OA group,
high risk subjects with a familial history of CRC were
likely excluded because they had started screening
colonoscopies in their forties. The authors do not
conclude that familial CRC history is protective in older
adults; however, early screening colonoscopies may
be protective in patients younger than 50 with a family
history of CRC.
There are clear associations between ACRN and
[30-33]
metabolic syndromes and obesity
. Obesity was
related with an increased risk of ACRN in both the OA
and YA groups in the present study. However, in cases
of MetA, DM-related factors and LDL-C increased the
risk of ACRN only in the YA group. These significant
associations were not evaluated in the OA group.
Especially, the authors evaluated the risks of ACRN
in subjects with documented DM or dyslipidemia as
well in subjects with early-stage MatA using NCEPATP Ⅲ criteria. There were no associations between
hypertriglyceridemia or HDL-C abnormalities and ACRN
in the YA group. Subjects under 50 with metabolic
syndrome or any glucose or LDL-C metabolism
abnormality should be receive special attention. It
was reported that metabolic syndrome and smoking
significantly impacted both the prevalence of colorectal
neoplasms and the diagnostic yield of screening tests
[34]
in men aged 40 to 49 years . The reasons why
younger subjects were more susceptible to abnormal
glucose or lipid metabolism were not clearly evaluated.
It was reported that obesity and metabolic syndrome
[35]
affected on CRA in the young subjects , however, a
study which was performed in South Korea was also
evaluated that the effect of obesity and metabolic
syndrome disappeared in the subjects with older
[36]
than 50 years . The reasons for the greater effect
of obesity and MetA on the YA group require further

WJG|www.wjgnet.com

3617

April 7, 2016|Volume 22|Issue 13|

Kim JY et al . Risk factors for ACRN under 50
risk subjects with a family history of CRC in the OA
group might be missed. These could effect on the
study as a selection bias. However, the present study
aimed to assess the average risk of ACRN. Subjects
who had previous colonoscopy is heterogenous group
including subjects with ACRN, subjects with low
risk adenoma or subject with normal colonoscopy.
It is also difficult to assess the result of previous
colonoscopy relying on subject’s memory. Therefore,
the authors excluded the subjects who had previous
colonoscopy to prevent the heterogeneity of study
subjects. Adenoma detection rate or the present study
was 14.2% and the rate was slightly low when it was
compared with recommended adenoma detection rate.
However, the present study targeted subject who took
first colonoscopy and the majority of subject were YA
with under the age of 50. This could make adenoma
detection rate relatively low. The cross-sectional study
with a single ethnic group precludes our ability to
assess causation. Data on smoking, alcohol intake and
exercise were evaluated by simple questionnaires, not
quantitatively. However, data collection was difficult
because this was a large-scale population-based
study. However, we collected various anthropometric
measurements and metabolic laboratory factors which
were frequently used in clinical practice for all study
participants. This provides valuable risk factors, which
are crucial for determining screening strategies.
The prevalence of ACRN is 5%-10% in Western
[26,28]
[17,36]
countries
, however, it is only 1%-5% in Asia
.
Therefore, clear targets for screening colonoscopy and
ACRN evaluation are required in Asian populations.
In the present study, age, male, current smoking,
obesity and CEA were important risk factors for ACRN,
despite the low prevalence. Furthermore, all study
subjects were asymptomatic, of average risk, enrolled
in a screening setting and were representative of
our general screening target population. Especially,
in the YA group, subject with family history of CRC
or MetA including DM-related factor or increased
LDL-C significantly increased the risk of ACRN. The
authors enrolled almost 60000 subjects younger than
50 with a mean age of 38.9 ± 5.3 years, which was
much younger than subjects in the previous studies.
The authors recommend screening colonoscopies in
subjects under 50 with specific risk factors. These
results are meaningful because of the large YA
population in this study.
In conclusion, risk factors for ACRN differed
between the OA and YA groups. This study provides
a valuable link between risk factors and colonoscopic
findings according to age, which are crucial for deter
mining screening strategies. Our findings suggest
that more careful and aggressive screening should be
considered for subjects with specific considerations,
even younger than 50 years.
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including diabetes mellitus (DM) related factors and serum level of low-density
lipoprotein-cholesterol (LDL-C) were more related with increased risk of ACRN
in the YA group.

Applications

Colorectal cancer (CRC) screening using colonoscopy was recommended
after 50 years. The risks of ACRN differed based on age group. Different
colonoscopic screening strategies are appropriate for particular subjects with
risk factors for ACRN, even in subjects younger than 50 years.
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Abstract
AIM: To establish a computed tomography (CT)morphological classification for hepatic alveolar echi
nococcosis was the aim of the study.
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METHODS: The CT morphology of hepatic lesions in
228 patients with confirmed alveolar echinococcosis
(AE) drawn from the Echinococcus Databank of the
University Hospital of Ulm was reviewed retrospectively.
For this reason, CT datasets of combined positron
emission tomography (PET)-CT examinations were
evaluated. The diagnosis of AE was made in patients
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with unequivocal seropositivity; positive histological
findings following diagnostic puncture or partial
resection of the liver; and/or findings typical for AE
at either ultrasonography, CT, magnetic resonance
imaging or PET-CT. The CT-morphological findings
were grouped into the new classification scheme.

echinococcosis. World J Gastroenterol 2016; 22(13): 3621-3631
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i13/3621.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i13.3621

RESULTS: Within the classification a lesion was
dedicated to one out of five “primary morphologies”
as well as to one out of six “patterns of calcification”.
“primary morphology” and “pattern of calcification” are
primarily focussed on separately from each other and
combined, whereas the “primary morphology” V is not
further characterized by a “pattern of calcification”.
Based on the five primary morphologies, further
descriptive sub-criteria were appended to types Ⅰ-Ⅲ.
An analysis of the calcification pattern in relation to the
primary morphology revealed the exclusive association
of the central calcification with type Ⅳ primary
morphology. Similarly, certain calcification patterns
exhibited a clear predominance for other primary
morphologies, which underscores the delimitation of the
individual primary morphological types from each other.
These relationships in terms of calcification patterns
extend into the primary morphological sub-criteria,
demonstrating the clear subordination of those criteria.

INTRODUCTION
Alveolar echinococcosis (AE) is caused by the larval
(metacestode) stage of the cyclophyllid tapeworm,
Echinococcus multilocularis. It is considered the most
dangerous parasitic disease of Europe and has to
be distinguished from the worldwide more common
cystic echinococcosis (CE) that is caused by a related
[1]
tapeworm species, E. granulosus . The species’ very
different patterns of growth in humans result in two
[2]
distinct disease entities . Thus, in about 98% of
cases, AE presents as a malignant-appearing hepatic
lesion with a tendency to infiltrative growth and the
potential for metastasis; by comparison, CE most
often presents as a smooth, clearly demarcated cyst
[2]
and affects the liver in only about 60% of cases .
Humans are infected through the accidental ingestion
of the helminth ova. Formation of protoscolices from
the larval germinal epithelium occurs only rarely in
humans, hence their designation as a dead-end or
[1]
incidental host of E. multilocularis .
As a parasitic disease of humans, AE is rare;
left untreated, however, it is associated with a high
mortality. Southwestern Germany, together with other
regions, mostly in neighboring countries, represents
one of the largest endemic areas for this parasitosis
[3,4]
in Europe . Further endemic areas in North America
and Asia lie exclusively in temperate climatic zones
[5,6]
of the Northern Hemisphere . As a result of this
regional accumulation of cases, numerous patients
with AE have been treated at the University Hospital of
Ulm, which has for many years maintained a databank
of AE cases.
[1,7-10]
In addition to serodiagnostics
, diagnostic
imaging plays a crucial role in the work-up of suspected
AE. Ultrasonography (US) is often the initial imaging
[7,11]
method
. Computed tomography (CT), usually in
18
combination with F-fluorodeoxyglucose positron
18
emission tomography ( F-FDG-PET), represents one of
the most important imaging modalities, both for initial
diagnosis and for monitoring patients’ subsequent
[12-14]
disease course
. Calcifications are especially wellvisualized at CT while magnetic resonance imaging
(MRI) most clearly shows the small vesicular structures
[15]
that are typical for the disease .
Because AE mimics the biological behavior of
malignant tumors, the World Health Organization
(WHO) Informal Working Group in Echinococcosis deve
loped a classification for staging this disease that is
analogous to the TNM system for malignant diseases.
The PNM classification (P = parasitic liver lesion; N =
infiltration of neighboring organs; M = metastases,

CONCLUSION: The proposed CT-morphological
classification (EMUC-CT) is intended to facilitate the
recognition and interpretation of lesions in hepatic
alveolar echinococcosis. This could help to interpret
different clinical courses better and shall assist in the
context of scientific studies to improve the comparability
of CT findings.
Key words: Hepatic alveolar echinococcosis; Diagnosis;
Echinococcus multilocularis; Classification; Computed
tomography; Alveolar echinococcosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Computed tomography (CT), mostly combined
with positron emission tomography, provides one of the
most important diagnostic tools in suspected alveolar
echinococcosis. Aim of the study was to establish a
new CT-classification based on a large patient collective
with confirmed hepatic alveolar echinococcosis. The
Echinococcosis Multilocularis Ulm Classification-CT
presented in this paper is intended to facilitate the
recognition and interpretation of hepatic lesions in
alveolar echinococcosis based on CT-morphological
criteria. It can also be used to more objectively
interpret different clinical courses and enhance the
comparability of CT findings in the context of scientific
studies.
Graeter T, Kratzer W, Oeztuerk S, Haenle MM, Mason RA,
Hillenbrand A, Kull T, Barth TF, Kern P, Gruener B. Proposal
of a computed tomography classification for hepatic alveolar
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yes/no) uses the findings of diagnostic imaging and
provides a standardized assessment of disease stage
[16]
and stage-adapted therapy recommendations .
Whereas a classification of hepatic AE based on its
morphological characteristics at MRI had been proposed
[17]
as early as 2003 , no systematic characteriza
tion of the CT morphology of this disease has been
published. Thus, the objective of the present study
was to propose a new CT classification for alveolar
echinococcosis based on a large patient collective
with confirmed hepatic AE. The CT morphological
classification proposed in the present study seeks to
facilitate the recognition and interpretation of lesions
in hepatic AE and to aid in the frequently challenging
differential diagnosis that includes neoplasms of the
liver such as cholangiocellular carcinoma, biliary
cystadenoma and cystadenocarcinoma, or metastases
[17,18]
of other tumors
. The new classification should also
assist in the interpretation of patients’ clinical course
and improve the comparability of CT findings in the
context of scientific studies.
As an acronym for the new CT classification, we
propose EMUC-CT (Echinococcosis Multilocularis Ulm
Classification - CT).

2014 using the following CT scanners: Siemens,
Biograph mCT-S(40) (CT: Somatom Definition AS 40;
collimation 16 mm × 1.2 mm; - images viewed at 1.5
to 5.0 mm slice thickness with reconstruction intervals
equal to or less to slice thickness). General Electrics,
Discovery LS (CT: Lightspeed plus; - collimation 4 mm
× 5.0 mm; reconstruction slice thickness is 5 mm and
the slice interval is 4.25 mm). Prior imaging from other
centers was not included. Subsequent assessment of
patients’ clinical course (data not shown) was based
on both the initial and final (as of the date of the
study) CT examinations. The initial dataset, which was
used for creation of the classification and the present
analyses, was not necessarily the first of the entire
examination series but the first to be electronically
documented in the PACS system.
Review of CT scans revealed broad variability in the
morphological appearance of lesions in patients with
hepatic AE. Lesions were grouped into five primary
morphologies. In cases with multiple hepatic lesions,
the largest lesion was generally selected and described
according to the classification system. In these cases,
it was generally possible to recognize a single primary
morphological pattern. Less frequently, lesions in the
same liver exhibited different primary morphologies:
these must be studied separately during the clinical
course.
Assessment of a lesion’s calcification pattern
separate from its primary morphology was found to be
useful since the extent and morphology of calcifications
may vary widely over the course of the disease or as
a result of therapy and may, in some cases, contribute
to a markedly changed appearance, both of the lesions
and their primary morphology. Thus, in the context
of the classification, lesions were assigned to both a
“primary morphology” and a “calcification pattern”.
Based on the five primary morphologies, further
descriptive sub-criteria were appended to types ⅠⅢ . Thus, the presence of cystic components in
types Ⅰ and Ⅱ and the presence of more solid portions
at the edges in type Ⅲ a and Ⅲ b, lead to further
characterization of the lesion.
The study design complies with the requirements
of the Helsinki Declaration and was approved by the
Ethics Commission of Ulm University.

MATERIALS AND METHODS
The CT morphology of hepatic lesions in 228 pa
tients (n = 106 males; 122 females; mean age at
diagnosis: 50.8 ± 17.1 years; mean age at time
of PET-CT examination: 55.6 ± 17.3 years) with
confirmed AE drawn from the Echinococcus Databank
of the University Hospital of Ulm was reviewed
retrospectively. The diagnosis of AE was made in
patients with unequivocal seropositivity; positive
histological findings following diagnostic puncture or
partial resection of the liver; and/or findings typical
for AE at either US, CT, MRI or PET-CT. According to
[1]
the modified WHO criteria of Brunetti et al 116 cases
(50.9%) were confirmed by positive histopathology
and proven specific enzyme linked immunosorbent
assay (ELISA) from tissue samples. An additional 97
patients (42.5%) were considered probable cases
with positive serology in two different methods and
positive imaging for AE with two respective imaging
techniques, while 15 patients (6.6%) were considered
possible cases with a positive medical history and a
positive result for imaging and serology in one test
each.
Based on the reviewer’s many years’ experience
together with reports in the literature of CT findings in
patients with hepatic AE, individual CT-morphological
findings were grouped according to a new classification
scheme. For this reason, CT datasets of combined PETCT examinations were evaluated: these were, in most
cases, contrast-enhanced images acquired during
the venous phase, though some were native images.
All examinations were performed at the University
Hospital of Ulm between March 2006 and December
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Statistical analysis

Statistical analyses were performed using the SAS
statistical software package (version 9.2; SAS Institute
Inc., Cary, NC, United States). Data were analyzed
descriptively with regard to absolute and relative
frequencies, means and standard deviation.

RESULTS
The primary morphologies and their respective subcriteria established for the present study were as
follows: Ⅰ. Diffuse infiltrating (with/without cystoid
portion); Ⅱ . Primarily circumscribed tumor-like
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A

B

C

D

E

F

Figure 1 Schematic representation of the calcification patterns. A: Without calcifications; B: With feathery calcifications; C: With focal calcifications; D: With a
central calcification; E: With diffuse calcifications; F: With calcifications primarily at the edge.

A

B

Figure 2 Diffuse infiltrating with cystoid portion (A); without cystoid portion (B).

Table 1 Primary morphologies with their respective
additional sub-criteria (insofar as sub-criteria are available for
a given primary morphology)

Table 2 Patterns of calcification. The pattern of calcification
has to be considered separately from the Primary morphology
and then combined. Pattern of calcification group (*) only
occurs with Primary morphology IV*; Primary morphology V
is not further characterized by a Pattern of calcification

Primary morphology
Ⅰ Diffuse infiltrating
With cystoid portion
Without cystoid portion
Ⅱ Primarily circumscribed tumor-like
With cystoid portion
Without cystoid portion
Ⅲ (a) Primarily cystoid - intermediate (approximately 3-8 cm)
With more solid portions at the edge
Without more solid portions at the edge
(b) Primarily cystoid - widespread (approximately > 8 cm)
With more solid portions at the edge
Without more solid portions at the edge
Ⅳ Small-cystoid/metastatic* (approximately < 3 cm)
Ⅴ Mainly calcified

Pattern of calcification
Without calcifications (Figure 1A)
With feathery calcifications (Figure 1B)
With focal calcifications (Figure 1C)
With a central calcification* (Figure 1D)
With diffuse calcifications (Figure 1E)
With calcifications primarily at the edge (Figure 1F)

less-calcified lesions were selected in order to illustrate
the relevant morphological features unobscured by
significant calcification overlay.
Notwithstanding the separate initial consideration
of primary morphology and calcification pattern,
certain associations between the two classification
criteria were observed, as will be discussed below.
For example, the specific calcification pattern of a
central calcification was noted to be a characteristic
occurrence with type Ⅳ small-cystoid/metastatic
disease and can serve in these cases as a crucial
diagnostic clue for assignment of unclear CT findings
of this manifestation type. Based on this observation,
this primary morphology was established as a
separate type Ⅳ, distinct from the primary cystoid
intermediate or widespread disease described by types
Ⅲa and Ⅲb, respectively. By contrast, these latter
types are often associated with a primarily marginal
calcification at the edges. The diffusely infiltrating
type Ⅰ often exhibits initially feathery, less often focal,
calcifications that tend to become more diffuse as
the disease progresses. With primarily circumscribed,

(with/without cystoid portion); Ⅲa. Primarily cystoid intermediate (with/without more solid portions at the
edge) and Ⅲb. Primarily cystoid - widespread (with/
without more solid portions at the edge); Ⅳ. Smallcystoid/metastatic*; and Ⅴ. Mainly calcified (Tables 1
and 2).
With the exception of primary morphology type Ⅴ,
the following six calcification patterns were assigned:
without calcifications; with feathery calcifications; with
focal calcifications; with a central calcification* (possible
only with type Ⅳ *); with diffuse calcifications; with
calcifications primarily at the edge (Tables 1 and 2;
Figure 1).
The different primary morphologies Ⅰ-Ⅴ (together
with their respective sub-criteria) are demonstrated
from corresponding CT images (Figures 2-7). For
primary morphologies Ⅰ-Ⅳ, preferably non- or rather
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A

B

Figure 3 Primarily circumscribed tumor-like with cystoid portion (A); without cystoid portion (B).

A

B

Figure 4 Primarily cystoid - intermediate with more solid portions at the edge (A); without more solid portions at the edge (B).

A

B

Figure 5 Primarily cystoid - widespread with more solid portions at the edge (A); without more solid portions at the edge (B).

tumor-like type Ⅱ lesions, there may often be either
focal or diffuse calcification. However, in the present
classification scheme, the various calcification patterns
can, in principle, be associated with any of the primary
morphologies (with the exception of type V, “mainly
calcified”). Furthermore the special case of a central
calcification can be observed, which is, when it occurs,
exclusively linked to type Ⅳ disease (shown below,
Figure 8). The primay morphologies type Ⅰ -Ⅴ are
defined as follows:

primarily by a diffuse, at times fan-shaped, sometimes
longitudinally extending spread of the lesion into
surrounding tissue. Frequently, tiny vesicular structures
may be recognized as the fundamental structure of the
lesion. These small vesicular elements, which are wellknown from MRI imaging and often better visualized
with that imaging modality, represent a characteristic
feature of the development of this disease. Distinct
from these vesicular elements are the intrahepatic bile
ducts which in many cases are observed peripheral to
the lesion: these may be focally congested and appear
to converge on the lesion. With larger type Ⅰ lesions,
or over the course of the disease or therapy, larger
cystoid structures may develop, either centrally or

TypeⅠ , diffuse infiltrating

The diffuse infiltrating type does not show any defined
central focus of growth but instead is characterized
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A

B

Figure 6 Small-cystoid/metastatic* (A, B): exclusive occurrence of the central calcification* (B).

immunological response, especially in cases in which
an affinity to type Ⅰ is suspected. In other type Ⅱ
cases, as already noted above, conclusions may be
drawn regarding therapy response or regarding the
activity of the lesion or course of the disease in the
association of an type Ⅲ lesion. Corresponding to
the morphological variability of type Ⅱ, assignment
of a given lesion to this group depends, to a greater
degree than with the other groups, on the examiner’s
subjective judgment. In general, the lesions subsumed
under type Ⅱ include those in which a primarily
circumscribed, central and predominantly solid lesion
could be defined. Some type Ⅱ lesions may exhibit
short offshoots into the surrounding hepatic tissue.
In contrast to type Ⅱ disease, the related type Ⅰ is
not characterized by a central, circumscribed tumor
body and, in general, presents with a larger number
of diffuse, often longitudinally extending offshoots
(see above). As with type Ⅰ , type Ⅱ lesions may
also contain larger cystoid portions: these may be
located centrally or, again distinct from type Ⅲ a/b
“primary cystoid” disease, may be decentralized.
Cystoid portions in type Ⅱ lesions can in many cases
be interpreted as necrotic regions but sometimes may
as well represent a conglomerate of multiple small
vesicular elements (see also above/description of
type Ⅰ lesions).

Figure 7 Mainly calcified.

decentralized in the lesion: these are distinct from
the small vesicular elements described above. Unlike
the small vesicular structures, these may represent
necrotic areas of the lesion and may be significant as
a parameter indicative of the course of the disease.
In some cases, these large cystoid areas may also
represent a conglomerate of multiple small vesicular
elements.

Type Ⅱ , primarily circumscribed tumor-like

Of the five primary morphological types, the primarily
circumscribed tumor-like type presents with the
broadest variety of morphological manifestations and
its identification represents the greatest challenge.
Not only is it difficult to distinguish from type Ⅰ but
also from type Ⅲ, especially when the latter, over the
course of the disease or therapy, changes the shape of
its solid and cystoid components. Presumably, type Ⅱ
lesions showing an affinity with disease type Ⅰ would
more frequently exhibit the small vesicular elements
that are better visualized at MRI.
While it could be argued that, based on this high
morphological variability, type Ⅱ represents a mixed
type that comprises special cases of type Ⅰ and type
Ⅲ disease, we nevertheless consider this primary
morphological pattern to represent a distinct disease
type: its primarily circumscribed appearance could,
for example, provide information about the patient’s

WJG|www.wjgnet.com

Type Ⅲ a, primarily cystoid - intermediate/Type Ⅲ b,
primarily cystoid - widespread

Primarily cystoid manifestations define the third group
of primary morphologies. Lesions in this group may
reach intermediate size or spread to such an extent
that they occupy large areas of a hepatic lobe. An
exact size boundary between the two subgroups
(Ⅲ a - intermediate; Ⅲ b - widespread) was not
drawn and, as will be explained below, is not useful.
However, intermediate-sized lesions tend to fall within
a range of 3-8 cm in diameter, while widespread
lesions generally exhibit larger diameters. Although
the present classification does not establish an exact
cut-off, the two subgroups were established based
on the observation that the intermediate cystoid
lesions mostly occur as multiple, disseminated le
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Figure 8 Frequency of primary morphologies, appended sub-criteria and individual calcification patterns, respectively.

of characteristics that are not observed in type Ⅲ
disease. For example, a very specific calcification
pattern, characterized by a tiny, centrally located
calcification, may occur in type Ⅳ lesions. As with
other disease types, these calcifications may become
more pronounced as the disease progresses. In ad
dition, type Ⅳ lesions do not exhibit the more or
less extensive solid portions at their margins that
are frequently encountered in type Ⅲ lesions, which
typically calcify at their edges. In light of these
significant morphological differences, we deferred a
strict delineation of lesion diameters between type
Ⅳ and type Ⅲ disease. Most type Ⅳ lesions are
less than 3 cm in diameter. In the absence, at least
initially, of a central calcification* in type Ⅳ disease,
the correlation of liver pathology to the diagnosis
of AE may be very difficult, as the lesions tend to
resemble protein-rich cysts or hypodense metastases.
Knowledge of this manifestation form should prompt
the clinician to consider a diagnosis of AE in patients
with corresponding clinical suspicion.

sions, whereas widespread cystoid lesions often
consist of one single lesion. An exact analysis of this
phenomenon remains to be performed. There appears
to be a correlation between uni-/multifocality and
lesion size, which may depend on differences in the
behavior of the parasite or, more likely, on differences
in the host’s immune response. The phenomenon may
also be a reflection of the number of larvae reaching
the liver, which then, in turn, could exert an influence
on the growth of the individual lesions. Further studies
to elucidate this question are planned.
Primarily cystoid lesions in group Ⅲ may manifest
as purely cystoid in form or exhibit a more or less
thick, solid marginal rim, while the cystoid portion
remains relatively central. It is possible that, during
the course of the disease, a centrifugal decrease of
the more solid portions of the lesion might give the
tumor a more and more cystoid appearance (this
fact might represent an initial overlap with type Ⅱ).
It remains for future studies to assess whether the
observation of such changes in those lesions can be
confirmed and whether an decreasing solid component
corresponds with progressing inactivity of the lesion
or with patients’ response to therapy. In this case,
as has already been mentioned above, the cystoid
portion in type Ⅲ lesions should be interpreted as a
necrotizing area in the sense of a potentially increasing
inactivation, as presumably occurs in type Ⅰ and in
some type Ⅱ lesions.

Type Ⅴ , mainly calcified

Subsumed under primary morphology type Ⅴ - “mainly
calcified” are those lesions consisting predominantly
of a calcified component. Although smaller in extent,
parenchymal/solid or cystoid portions are occasion
ally observed: they are usually marginal and quite
insignificant within the overall extent of the lesion.
Type Ⅴ is the sole primary morphological group in
which the calcification is an obligatory part of the main
description and thus the only group among the primary
morphologies with no further separate calcification
pattern associated with the lesion description. Type
Ⅴ lesions are, for the most part, rather small. They
often show a longitudinal or oval configuration, and
may be solitary or multiple in number. Whether these
represent older, inactive foci that have evolved from
other primary morphologies, or belong to a distinct,

Type Ⅳ, small-cystoid/metastatic*

For several reasons, the small-cystoid/metastatic*
morphology of type Ⅳ was not designated as a
subgroup of the cystoid types in group Ⅲ. Although
the observation made with type Ⅲ lesions of an
inverse relationship between the size and number
of lesions would appear to apply to type Ⅳ and
extend to a typical pattern of often very disseminated
disease involvement, type Ⅳ lesions exhibit a number
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groups of primary morphologies (types Ⅰ -Ⅴ ) and
correlates these with a primary separate assignment
of calcification patterns.
The CT morphological classification proposed in
the present study seeks to facilitate the recognition
and interpretation of lesions in hepatic AE and to aid
in the frequently challenging differential diagnosis
[17,18]
that includes neoplasms of the liver
such as
cholangiocellular carcinoma (similar to type Ⅰ), biliary
cystadenoma and cystadenocarcinoma (resemblance
to type Ⅲ), or metastases of other tumors (similar to
type Ⅱ or Ⅳ).
The most frequently encountered CT-morphological
pattern among the 228 patients was the diffuse
infiltrating pattern (type Ⅰ), followed by the primarily
circumscribed tumor-like appearance (type Ⅱ), the
primarily cystoid type (type Ⅲ ) and by the smallcystoid/metastatic* morphology (type Ⅳ ). Much
less frequently observed was the mainly calcified
appearance (type Ⅴ).
As a rule, the presence of multiple AE lesions
within a single liver is associated with only one primary
morphological pattern. In rare cases, multiple lesions
in a given liver may be characterized by more than
one primary morphology; these must be assessed
separately over the course of the disease.
Based on the five primary morphologies, further
descriptive sub-criteria were appended to types ⅠⅢ . Thus, the presence of cystic components in
types Ⅰ and Ⅱ and the presence of more solid portions
at the edges in type Ⅲ a and Ⅲ b, lead to further
characterization of the lesion.
Calcification patterns were first assessed indepen
dently of the primary morphology. This was shown to
be useful as the extent and morphology of calcifications
may change over the course of the disease or in
response to therapy and thus give the respective
primary morphology a quite different appearance.
An analysis of the calcification pattern in relation
to the primary morphology revealed the exclusive
association of the central calcification with type Ⅳ
primary morphology. Similarly, certain calcification
patterns exhibited a clear predominance for other
primary morphologies, which again underscores the
delimitation of the individual primary morphological
types from each other. These relationships in terms
of calcification patterns extend into the primary
morphological sub-criteria, demonstrating the clear
subordination of the sub-criteria to their respective
main primary morphological types.
In the present classification scheme, the different
calcification patterns can, in principle, be associated
with any of the primary morphologies (with the
exception of type Ⅴ, “mainly calcified”). Furthermore
the special case of a central calcification can be
observed, which is, when it occurs, exclusively linked
to type Ⅳ disease.
Potential morphological changes occurring during
the course of the disease or as a result of therapy,

fully or partially active disease form characterized
by rapid and pronounced ossification, remains to be
determined in further studies. The former hypothesis
is supported by the relatively small size of the lesions,
their frequently longitudinal configuration, and the
fact that there is little or no dissemination; all of these
being important criteria for differentiating these lesions
from other disease types. It is possible that a specific
immune response by the host is responsible for this
rapid, pronounced calcification.
In addition, predominantly calcified, longitudinally
configured lesions observed in the context of recurrent
disease at resection margins, representing either
active lesions or post-operative cicatricial changes,
are in part subsumed under type Ⅴ. Other lesions,
especially belonging to type Ⅰ , may also occur at
resection margins and may also be calcified. Under
these considerations, “predominantly calcified” lesions
at resection margins likely differ in terms of their
behavior from “original” type Ⅴ lesions that occur
centrally in the hepatic parenchyma in patients without
prior resection.

Common statements

The cumulative occurrence of the different primary
morphologies and their appended sub-criteria, res
pectively, as well as the occurrence of the different
calcification patterns in association with the different
primary morphologies, are shown in Figure 8.
The most frequently encountered CT-morphological
pattern among the 228 patients was the diffuse
infiltrating pattern type Ⅰ: 35.5% (n = 81), followed,
in 20.6% (n = 47), by the primarily circumscribed
tumor-like appearance (type Ⅱ), in 19.7% (n = 45) by
the primarily cystoid type Ⅲ (type Ⅲa - intermediate,
n = 27; type Ⅲb - widespread, n = 18), and in 17.1%
(n = 39) by the small-cystoid/metastatic* morphology
(type Ⅳ ). Much less frequently observed was the
mainly calcified appearance of type Ⅴ: 7% (n = 16),
(Figure 8).
An analysis of the calcification pattern in relation
to the primary morphology revealed the exclusive
association of the central calcification with type Ⅳ
primary morphology (Figure 8). Similarly, certain
calcification patterns exhibited a clear predominance for
other primary morphologies, which again underscores
the delimitation of the individual primary morphological
types from each other. These relationships in terms
of calcification patterns extend into the primary
morphological sub-criteria, demonstrating the clear
subordination of the sub-criteria to their respective main
primary morphological types.

DISCUSSION
AE presents with a wide variety of CT-morphological
manifestations. The present paper, based on a large
patient collective, proposes a new classification
of hepatic AE lesions, which assigns them to five
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especially as they relate to sub-criteria and calcification
patterns, will be addressed in targeted studies.
In summary, the EMUC-CT classification allows
for a very comprehensive description of hepatic AE
lesions based on their CT-morphology. Assignment to
one of five primary morphologies modified by an exact
characterization of variable sub-criteria (insofar as subcriteria are available for a given primary morphology)
and in correlation to a respective calcification pattern
should also assist in the interpretation of patients’
clinical course and improve the comparability of CT
findings in the context of scientific studies.
In order to describe the lesion completely according
to the present classification, the criteria should be
followed in order. Following is an example for the
descriptions of individual types: Ⅰ. Diffuse infiltrating,
without cystoid portion, with feathery calcifications;
Ⅱ. Primarily circumscribed tumor-like, with cystoid
portion, with focal calcifications; Ⅲa. Primarily cystoid
- intermediate - with more solid portions at the edge,
with calcifications primarily at the edge; Ⅳ. Smallcystoid/metastatic*, with a central calcification*; Ⅴ.
Mainly calcified.
The knowledge of the primary morphologies of
hepatic AE lesions according to these criteria may be of
great assistance in the primary diagnostic work-up of
this rare and morphologically variable disease entity. If
changes in individual criteria are observed at follow-up
monitoring, this can be clearly and reproducibly noted
in the report of findings. Changes are more likely to
relate to subcriteria of the primary morphologies and
to calcification patterns; the primary morphological
type often remains.
An exhaustive description of the findings of diagnostic
imaging will naturally also enumerate the size and
number of lesions, as well as their exact location within
the liver (in addition to describing any extrahepatic
manifestations). The precise characterization of the liver
lesion based on the present classification will contribute
to a much more comprehensive description of the
disease manifestation. Unlike malignant diseases,
the size of hepatic AE lesions often does not change
significantly as a response to therapy; hence changings
in size by themselves do not allow any unequivocal
conclusions regarding the course of the disease.
Changes in lesion morphology, however, could provide
a number of additional criteria for assessing patients’
18
clinical course. F-FDG-PET, which is often used as an
adjunct to CT, can yield some important data, though
their value for assessing actual disease activity remains
[12-14,19,20]
controversial
. Use of the morphological EMUCCT classification could provide additional aspects
regarding therapy planning as part of staging according
[16]
to the PNM classification .
Unlike the WHO ultrasonographic classification of
cystic echinococcosis (CE WHO-IWGE standardized
[1]
classification) , the present CT classification of
AE does not focus primarily on different stages of
the disease: instead, it defines AE’s very different

WJG|www.wjgnet.com

morphological manifestations in the liver independent
of the disease course. In the case of CE, a classification
according to disease stages is supported by the fact
that the form of individual lesions does not differ
fundamentally between different individual hosts
and, in comparison with one another, remains rela
tively constant within their stages (CE1-5). With AE,
however, it would appear, as noted above, that there
may be overlap between different morphological types
(type Ⅰ/Ⅱ) and probably also transition in the disease
course and response to therapy (type Ⅱ/Ⅲ), as well
as alterations, for example, in the sense of a terminal
phase (type Ⅴ) or recurrent lesions (type Ⅴ; type Ⅰ).
It remains for further studies to determine whether
and, if so, which individual primary morphology types
are in fact to be interpreted as sequentially different
disease stages or whether the alterations in lesions
are due primarily to the modifiable criteria related to
clinical course (subcriteria and calcification patterns).
A primary objective of the present classification
is to facilitate the diagnosis of this rare disease
entity in routine clinical practice. In addition, many
provocative questions are raised as a by-product of
this systematization:
Are the different morphologies the product of
variable characteristics of the parasite or dependent
on differences in host immunology? Does the parasite
load at the time of initial infection play a role in the
development of lesion morphology? How do the
lesions develop over time, e.g., with regard to their
calcification pattern? In this regard, are transitions
between different morphologies truly observable over
the course of the disease and, if so, which? How are
cystoid vs. solid components of different lesion types
to be interpreted in the clinical course? Do the larger
cystoid areas in type Ⅰ and possibly also in type Ⅱ
lesions always represent necrotic zones or sometimes
conglomerates of multiple small vesicular elements? Is
there a correlation between different morphologies and
18
(primary) behavior at F-FDG-PET, or can conclusions
be drawn regarding their activity based on PET imaging
in cases of morphological changes in the lesions?
Does the classification provide initial prognostic hints
regarding patients’ future disease course? Is there in
this regard a correlation between different morphology
types and the presence of extrahepatic disease or
a tendency to intrahepatic infiltration of biliary or
vascular structures (MRI is superior in answering this
[17,21]
question)
? Can the classification, if, for example,
correlations with specific immunohistochemical markers
[22]
can be identified , serve as a building block for mana
gement decisions regarding surgical options with
respect to resectability or for defining safe distances and
resection margins for hepatic lesions?
While the small vascular elements within some
lesions that are typical for AE are better visualized
with MRI, CT offers a more nuanced view of other
morphological properties and especially the calcifi
[15,17]
cations
. Sound wave attenuation secondary to
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for diagnostic tool of rare but sometimes fatal hepatic AE, and is valuable for
sharing data in concern of determination of morphological status of hepatic AE,
as well.

the calcifications can, in turn, hinder ultrasonographic
diagnostics. If corresponding parallel imaging data is
available, a further goal could be a correlation of CT
morphology as defined by the present classification
with MRI findings or comparison with corresponding
ultrasonographic lesion descriptions.
AE’s rarity makes it difficult to assess inter-rater
reliability. The lack of inter-rater reliability remains a
limitation of the proposed classification. It was the
objective of the present study to establish the crucial
CT-morphological criteria for hepatic AE lesions and,
for the first time, to systematically describe them.
In conclusions, the EMUC-CT classification pre
sented in this paper is intended to facilitate the
recognition and interpretation of hepatic lesions in AE
based on CT-morphological criteria. It can also be used
to more objectively interpret different clinical courses
and enhance the comparability of CT findings in the
context of scientific studies.
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Abstract
AIM: To evaluate the efficacy of transcatheter
arterial chemoembolisation (TACE) compared with
surgical intervention and sorafenib for treatment of
hepatocellular carcinoma (HCC) in patients with tumor
thrombus extending to the main portal vein.

Institutional review board statement: The study was reviewed
and approved by the Affiliated Tumor Hospital of Guangxi
Medical University Institutional Review Board.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: From 2009 to 2013, a total of 418 HCC
patients with tumor thrombus extending to the main
portal vein were enrolled in this study and divided
into four groups. These groups underwent different
treatments as follows: TACE (n = 307), surgical
intervention (n = 54), sorafenib (n = 15) and palliative
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treatment (n = 42). Overall survival rates were
determined by Kaplan-Meier method, and differences
between the groups were identified through log-rank
analysis. Cox’s proportional hazard model was used to
identify the risk factors for survival.

thrombus (PVTT) was found invading the main trunk in
10%-15% of patients when they were diagnosed with
[3-5]
HCC . PVTT is usually correlated with a poor HCC
prognosis. The mean survival period for HCC patients
with PVTT was only 2.7-4.0 mo compared with 24.4
[6,7]
mo for HCC patients without PVTT . Portal vein
obstruction by tumor thrombus leads to portal vein
hypertension, thereby resulting in heavy deterioration
and impairment in liver function, intractable ascites,
acute esophageal variceal bleeding and related death,
particularly in patients with PVTT invading the main
trunk of the portal vein. Furthermore, tumor cells
usually spread out through the portal vein system and
[8-11]
lead to invisible intrahepatic metastasis
.
According to the guidelines of the European As
[12]
sociation for the Study of the Liver , American
[13]
Association for the Study of Liver Disease (AASLD)
and Classification Liver Cancer (BCLC) staging system,
HCC with PVTT is considered entering an advanced
stage, and PVTT is commonly regarded as an absolute
or related contraindication for hepatic resection (HR)
or transarterial chemoembolisation (TACE). Only
sorafenib and palliative treatments are available for
[1,11,14]
HCC treatment
. Interestingly, some reports
showed that before the PVTT extended to the main
trunk of the portal vein, the HR for HCC patients is
[15-17]
feasible to achieve a survival benefit
. However,
when PVTT extended to the main trunk of the portal
vein, HR would not provide a survival benefit compared
with palliative treatments. Instead, non-surgical
treatments, such as TACE or TACE combined with
[18-20]
sorafenib
, would be better options. Nevertheless,
some studies advocated that eradication of the primary
tumor via hepatectomy and removal of PVTT through
[15]
embolectomy
would still achieve a survival benefit
despite that PVTT has been detected in the main
[21,22]
trunk of the portal vein of HCC patients
. Thus, the
proper therapy for HCC patients with PVTT existing in
the main trunk of the portal vein remains debatable.
The current retrospective study aimed to evaluate the
efficacy and safety of different treatments, including
TACE, HR, sorafenib and palliative treatments for
treating HCC patients with PVTT invading the main
trunk of the portal vein.

RESULTS: The mean survival periods for patients in
the TACE, surgical intervention, sorafenib and palliative
treatment groups were 10.39, 4.13, 5.54 and 2.82
mo, respectively. For the TACE group, the 3-, 6-, 12and 24-mo survival rates were 94.1%, 85.9%, 51.5%
and 0.0%, respectively. The corresponding rates
were 60.3%, 22.2%, 0.0% and 0.0% for the surgical
intervention group and 50.9%, 29.5%, 0.0% and 0.0%
for the sorafenib group. Evidently, the results in the
TACE group were significantly higher than those in the
other groups (P < 0.0001). Furthermore, no significant
difference among survival rates was observed between
TACE with/without sorafenib (10.22 mo vs 10.52 mo, P
= 0.615). No significant difference in survival rates was
also found among the surgical intervention, sorafenib
and palliative treatment groups (P > 0.05). These
values significantly increased after TACE with/without
sorafenib compared with other treatments (P < 0.05).
CONCLUSION: For HCC patients with tumor thrombus
extending to the main portal vein, TACE can yield
a higher survival rate than surgical intervention or
sorafenib treatment.
Key words: Hepatocellular carcinoma; Portal vein;
Tumor thrombus; Sorafenib; Transcatheter arterial
chemoembolisation; Surgery
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluated the efficacy of
transcatheter arterial chemoembolisation (TACE)
compared with surgical intervention and sorafenib for
treatment of hepatocellular carcinoma (HCC) in patients
with tumor thrombus extending to the main portal
vein. Results revealed that for HCC patients with tumor
thrombus extending to the main portal vein, TACE can
yield a higher survival rate than surgical intervention or
sorafenib treatment.

MATERIALS AND METHODS

Ye HH, Ye JZ, Xie ZB, Peng YC, Chen J, Ma L, Bai T, Chen JZ,
Lu Z, Qin HG, Xiang BD, Li LQ. Comprehensive treatments for
hepatocellular carcinoma with tumor thrombus in major portal
vein. World J Gastroenterol 2016; 22(13): 3632-3643 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i13/3632.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i13.3632

This study was approved by the institutional review
board of Guangxi Medical University and conducted in
accordance with the Declaration of Helsinki and current
ethical guidelines.

Patients

From January 2009 to December 2013, a total of 418
patients at the Hepatobiliary Surgery Department and
Interventional Therapy Department of Guangxi Tumor
Hospital, who were diagnosed with HCC combined
with PVTT invading the main trunk of the portal vein
and had satisfied the inclusion criteria below, were

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
[1]
common cancer worldwide and the third leading
[2]
cause of cancer-related death . Portal vein tumor
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recruited and retrospectively studied.
The inclusion criteria were: (1) All the candidates
recruited were diagnosed with HCC associated with
tumor thrombus involving the main trunk of the
portal vein, which was defined by the presence of
thrombus adjacent to the tumor and in the main trunk
of the portal hepatic vein with undefined boundaries,
as confirmed by two imaging modalities, namely,
computed tomography (CT) and magnetic resonance
[23]
imaging (MRI) , without distant metastasis and were
evaluated with the Eastern Cooperative Oncology
[24]
Group performance status (ECOG)
scores of 0-2
and moderate liver function (Child-Pugh A or B);
(2) For candidates who underwent surgery, solitary
tumor and/or multiple nodules can be eradicated via
hepatectomy, and PVTT can be removed through
[15]
embolectomy ; the remnant liver volume and liver
function reserve were determined by volumetric
[25,26]
computed tomography
. For patients without
cirrhosis, approximately 30% of residual liver volume
after surgery was considered sufficient, whereas for
patients with chronic HBV and liver cirrhosis, the
remnant liver volume should be > 50%. HCC and PVTT
diagnoses were confirmed by histological examination
of surgical samples; (3) For candidates receiving TACE,
the inclusion criteria were similar to those in the HR
group; these criteria were used when deciding whether
to utilise TACE. Moreover, TACE was given to those
patients with insufficient remnant liver volume and
liver function reserve if they would undergo hepatic
resection, with other unfavourable factors for surgery
or without strong aspiration to receive HR. Moreover,
sorafenib was given as an adjuvant therapy after TACE
if possible; (4) For patients with unfavourable factors
for HR or TACE, sorafenib was given; and (5) Routine
palliative therapy was performed in patients who were
not suitable for HR or TACE and did not use sorafenib.

hemihepatectomies were performed in 11, 10, 11, 11
and 11 patients, respectively. PVTT was removed in
[15]
all patients through embolectomy . The operative
procedure for PVTT was decided on the basis of the
location and extent of tumor thrombus: (1) when
tumor thrombus involved the main trunk of the portal
vein but not involved the branches of healthy side,
surgery was performed to block the portal vein branch
of the healthy side and longitudinally incised along
the main trunk of the portal vein, the tumor thrombus
was removed, and finally, the wall of the portal vein
was closed via a continuous suture; and (2) when
tumor thrombus had grown into the main trunk of the
portal vein and branches of the healthy side, surgery
was performed to block the portal vein branch of the
retention sides to reduce bleeding and longitudinally
cut open along the main trunk of the portal vein; the
tumor thrombus was removed, and the wall of the
portal vein was finally closed via a continuous suture.
Ultrasound was generally used to detect whether
tumor thrombus was completely removed.

Sorafenib administration (sorafenib monotherapy or
sorafenib plus TACE)

Generally, about 400 mg of sorafenib (Bayer HealthCare
AG, 200 mg/pill) was orally given twice daily. When
grade 3 or 4 adverse events (such as skin, hematologic
and gastrointestinal toxicities or organ dysfunction
defined by the National Cancer Institute Common
[28]
Terminology Criteria for Adverse Events ) occurred,
the oral dose was reduced to 200 mg per day. If these
adverse events continued after dose adjustment,
sorafenib treatment was stopped until the symptoms
were reduced or eliminated.

Follow-up and treatment of recurrence

After the initial therapy, serum alpha-fetoprotein
(AFP) level and other laboratory tests were routinely
monitored; ultrasonography, dynamic CT, MRI or
angiography was performed at the end of the first
month and then every 3 mo. When intrahepatic
recurrence was suspended but not confirmed by ima
ging or serum AFP level, TACE was applied. When
intrahepatic recurrence was confirmed after the initial
HR, the second HR was performed on the basis of
[25,26]
volumetric CT
. If HR was not feasible because of
poor liver function, numerous intrahepatic metastases
or other unfavourable factors, microwave coagulation,
percutaneous ethanol injection, radiofrequency
ablation or sorafenib therapy were applied instead of
TACE. All patients were followed until December 30,
2013 or until death.

TACE procedure

Contrast medium was injected into the arteries via a
4.1-French RC1 catheter, which was introduced into
the abdominal aorta via the right superficial femoral
[27]
artery by using the Seldinger technique . Afterwards,
the number, location, size and arterial branches
supplying the tumors were identified. Iodised oil (10-20
mL), gel foam particles with doxorubicin (30-50 mg)
and cisplatinum (50-100 mg) were injected into the
arterial branches. Serum total bilirubin, albumin and
prothrombin time were routinely monitored on the
first, second and third day after TACE. After 1 month,
CT follow-up was conducted to determine the effects
of TACE. On the basis of liver function and tumor
shrinkage, TACE was repeated at one-month intervals,
and the TACE cycles were dependent on the tumor
response to TACE and patient’s liver function.

Statistical analysis

All the data were analysed using SPSS 21.0 statistical
software. Normally and asymmetrically distributed
data were determined as mean ± standard deviation
(sD) and median (range) values, respectively. The

HR

Left, right, left partial, right partial and partial median
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Table 1 Characteristics of hepatocellular carcinoma patient with portal vein tumor thrombus invading the main portal vein trunk
and inferior vena cava n (%)
Group 1 (n = 307)
TACE
(n = 274)
Baseline characteristic
Age, mean ± SD
48.62 ± 12.09
Sex (M)
233 (85.0)
Clinical characteristic
Positive for HBsAg
224 (81.8)
Positive for anti-HCV
16 (5.8)
PLT (109/L)
198.25 ± 88.17
TBil (μmol/L)
19.1 (13.08-30.10)
ALB (g/L)
37.29 ± 5.14
ALT (U/L)
54.00 (35.00-79.00)
AST (U/L)
79.00 (49.00-144.00)
PT (s)
13.75 ± 1.52
AFP (mg/L)
873 (126-12100)
Child-Pugh Score
5 (5-8)
Ascites
8 (2.9)
Pathological characteristic
Tumor size (cm)
6.78 ± 2.96
Tumor number (≥ 3), n
178 (65.0)
Cirrhosis, n
223 (81.0)
Portal vein
76 (27.7)
hypertension, n
Main portal vein
211 (77.0)
trunk, n
Inferior vena cava, n
63 (23.0)

P value

TACE-sorafenib
(n = 33)

P value

Group 2
(n = 54)

Group 3
(n = 15)

Group 4
(n = 42)

49.51 ± 11.23
26 (78.8)

0.764
0.350

47.40 ± 17.48
46 (85.2)

49.78 ± 21.26
12 (80.0)

51.49 ± 23.23
36 (85.7)

0.668
0.960

29 (87.9)
0 (0.0)
205.94 ± 102.04
16.70 (11.80-23.00)
37.74 ± 4.64
52.00 (35.00-99.00)
80.00 (50.00-157.50)
13.84 ± 1.934
1210 (123-12100)
5 (5-8)
0 (0.0)

0.505
0.234
0.146
0.347
0.981
0.813
0.843
0.963
0.107
0.914
0.999

46 (85.2)
1 (1.9)
246.37 ± 71.13
21.1 (11.46-32.37)
39.31 ± 7.81
52.00 (32.00-77.00)
65.00 (28.00-101.00)
12.11 ± 1.41
745 (310-12100)
5 (5-8)
0 (0.0)

14 (93.3)
0 (0.0)
211.74 ± 101.21
17.23 (10.79-35.69)
36.73 ± 4.27
56.00 (31.00-72.00)
78.00 (45.00-127.00)
13.49 ± 1.37
691 (348-12100)
6 (5-8)
0 (0.0)

36 (85.7)
1 (2.3)
297.10 ± 148.07
25.1 (10.78-41.76)
32.13 ± 8.23
58.00 (31.00-81.00)
75.00 (21.00-167.00)
13.79 ± 1.54
1207 (1001-12100)
6 (5-9)
3 (7.1)

0.665
0.755
0.654
0.065
0.851
0.135
0.104
0.060
0.793
0.255
0.201

7.14 ± 3.97
22 (66.7)
27 (81.8)
8 (24.2)

0.101
0.846
0.952
0.671

7.13 ± 2.73
17 (32.4)
46 (85.2)
12 (22.2)

6.97 ± 2.37
9 (60.0)
11 (73.3)
3 (20.0)

7.95 ± 3.34
27 (64.2)
36 (88.1)
14 (33.3)

0.437
0.982
0.697
0.609

21 (63.6)

0.091

44 (81.5)

6 (77.0)

17 (77.0)

10 (18.5)

9 (77.0)

25 (77.0)

12 (36.4)

< 0.001

PVTT: Portal vein tumor thrombus; SD: Standard deviation; HBsAg: Hepatitis B surface antigen; anti-HCV: Hepatitis C virus antibody; PLT: Platelet count;
TBil: Total bilirubin; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PT: Prothrombin time; AFP: Alpha-fetoprotein;
Group 1: TACE; Group 2: Surgery + postoperative TACE; Group 3: Monotherapy of sorafenib; Group 4: Palliative therapy.

Table 2 Survival period and survival rate in different groups
Mean overall survival
(mo)

3-mo survival rate

6-mo survival rate

12-mo survival rate

24-mo survival rate

10.39
10.22
10.52
4.13
3.54
2.82

94.1%
93.8%
95.3%
60.3%
50.9%
55.0%

85.9%
86.7%
83.3%
22.2%
29.5%
0.0%

51.5%
43.9%
53.8%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

TACE administration
TACE subgroup
TACE-sorafenib subgroup
Liver resection + TACE
Targeted therapy of sorafenib
Palliate treatment
TACE: Transcatheter arterial chemoembolization.

baseline characteristics for patients with PVTT invading
2
the main trunk and IVC were calculated using χ tests.
Survival time was defined as the period between the
initial treatment and date of death or end of the study
for survival patients. Survival curves were determined
by Kaplan-Meier method, and differences between
groups were identified using log-rank analysis. A P
value < 0.05 was considered statistically significant.

and larger and multinodular HCC tumors (P < 0.001
for all). No statistical differences were found regarding
the clinical or pathological variables, including sex, age,
serum AFP level, hepatitis B surface antigen, Child-Pugh
classification, ECOG score and location of PVTT among
the four groups (P > 0.05).

Overall survival periods

The overall survival (OS) periods significantly increased
in the TACE group compared with the other groups.
For TACE administration, the OS rates at 3, 6, 12
and 24 mo were 94.1%, 85.9%, 51.5% and 0.0%,
respectively. The mean survival period was 10.39
mo, which was significantly longer than that obtained
from the three other groups (P < 0.05) (Figure 1,
Table 2). We conducted subgroup analysis to explore

RESULTS
Characteristics of patients

Table 1 summarises the clinical characteristics of the 418
HCC patients. Patients who used sorafenib or underwent
palliative treatment were characterised with significantly
higher levels of total bilirubin, higher frequencies of PHT
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3635

April 7, 2016|Volume 22|Issue 13|

Ye HH et al . Therapy for PVTT in the main trunk or IVC
Group
1
2
3
4
1-censored
2-censored
3-censored
4-censored

1.0

Cumulative survival rate

0.8

0.6

0.4

0.2

0.0
0

2

1

Group
mean ± SD (mo)
1 (P value)
2 (P value)
3 (P value)
4 (P value)

4

6
Overall survival (mo)

1
10.39 ± 5.24
< 0.001
< 0.001
< 0.001

8

2
4.13 ± 1.78
< 0.001
0.356
0.398

10

3
3.54 ± 1.38
< 0.001
0.356
0.781

12

4
2.82 ± 1.40
< 0.001
0.398
0.781
-

Figure 1 Overall survival periods significantly increase in the transcatheter arterial chemoembolisation group compared with the other groups. 1Group 1:
TACE administration; Group 2: Surgery + postoperative TACE; Group 3: Monotherapy of sorafenib; Group 4: Palliative therapy.

the efficacy and safety of sorafenib as an adjuvant
treatment for TACE. The 3-, 6-, 12- and 24-mo OS
rates were 93.4%, 86.7%, 43.9% and 0.0% for TACE;
correspondingly, these rates were 95.3%, 83.3%,
53.8% and 0.0% for TACE together with sorafenib.
The mean survival periods were 10.22 and 10.52 mo
for TACE alone and TACE together with sorafenib,
respectively, which showed no significant difference
(Figure 2, Table 2).
In the HR group, the 3-, 6-, 12- and 24-mo OS rates
were 60.3%, 22.2%, 0.0% and 0.0%, respectively;
correspondingly, these rates were 50.9%, 29.5%,
0.0% and 0.0%, and 55.0%, 0.0%, 0.0%, 0.0% in the
sorafenib and palliative treatment groups, respectively.
The mean survival periods were 4.13, 3.54 and 2.82 mo
in the HR, sorafenib and palliative groups, respectively,
in which the palliative group had the lowest mean
survival period. Nevertheless, the difference of the
mean survival period was not significant among these
three groups (P > 0.05) (Figure 1, Table 2).

man who developed liver abscess and finally died
because of serious infection. The PVTT of three patients
was observed invading the main portal vein trunk
preoperatively but found extending to the IVC during the
operation for tumor thrombus; another PVTT was found
in the right atrium. Although the tumor thrombus was
st
successfully removed, the patient still died on the 31
day after surgery because of heart failure (1.5%). Table
3 shows a list of other complications. The frequency of
complications (44.7%) and death in the hospital (9.3%)
after HR were the highest.
Patients who underwent TACE usually had postembolisation syndrome (nausea, vomiting, fever
and pain). One patient also suffered from ectopic
embolisation syndrome, and another suffered pulmonary
complications and infection. However, no one suffered
serious adverse events and hospital death (Table 3).
Most of the patients who used sorafenib suffered
from grade 1 or 2 adverse events, and only six
patients suffered grade 3 or 4 adverse events (Table 4).
Nevertheless, adverse events disappeared after an oral
dose reduction.

Compilations

In the HR group, 4 (7.4%) and 2 (3.7%) patients
presented postoperative bile leakage and bleeding of
esophageal venous plexus, respectively; in addition,
5 (9.3%) patients suffered from postoperative liver
function deficiency, of whom 3 (5.6%) had developed
refractory ascites and finally died of liver failure. A
total of 7 (13.0%) patients suffered from pulmonary
complication, and one of them was a 75-year-old
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Analysis of prognostic factors for OS

Multivariate analysis of prognostic factors for OS
showed that tumor size [hazard ratios (HR) = 3.31,
95%CI: 1.20-3.30, P = 0.008], tumor number (HR =
2.10, 95%CI: 1.22-3.63, P = 0.007), serum AFP level
(HR = 1.84, 95%CI: 1.09-3.11, P = 0.023), ChildPugh stage (HR = 1.99, 95%CI: 1.20-3.30, P = 0.008),
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Group
1
2
1-censored
2-censored

1.0

Cumulative survival rate

0.8

0.6

0.4

0.2

0.0
0

2

Overall survival (mo ± SD)

4

6
Overall survival (mo)

TACE subgroup
10.22 ± 4.74

8

10

TACE ± sorafenib subgroup
10.52 ± 4.27

12

P value
0.615

Figure 2 Overall survival between subgroups of transarterial chemoembolisation administrations among all the hepatocellular carcinoma patients with portal
vein tumor thrombus extending to the main portal vein trunk and inferior vena cava. TACE: Transarterial chemoembolization; HCC: Hepatocellular carcinoma.

Table 3 Complications and adverse events in different therapy groups n (%)
Group 1 (n = 307)

Complication

Nausea, vomiting
Fever
Pain
Alopecia
Bleeding of tumor rupture
Liver failure
Bile leakage
Bleeding of esophageal venous plexus
Gastrointestinal hemorrhage
Heart failure
Infection
Ectopic embolism syndrome
Refractory ascites
Pulmonary complication
Therapy-related death

TACE
(n = 274)

TACE-sorafenib
(n = 33)

P value

49 (17.9)
62 (22.6)
119 (43.4)
3 (1.1)
0 (0.0)
1 (0.4)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (0.4)
1 (0.4)
0 (0.0)
1 (0.4)
0 (0.0)

19 (57.6)
8 (24.2)
7 (21.2)
11 (33.3)
2 (6.0)
25 (75.8)
0 (0.0)
0 (0.0)
1 (3.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (3.0)
0 (0.0)

< 0.001
0.835
0.047
< 0.001
< 0.001
< 0.001
0.999
0.999
0.004
0.999
0.999
0.999
0.999
0.072
0.999

Group 2
(n = 54)

Group 3
(n = 15)

P value

12 (22.2)
11 (20.4)
24 (44.4)
3 (5.6)
0 (0.0)
5 (9.3)
4 (7.4)
2 (3.7)
1 (1.9)
1 (1.9)
1 (1.9)
0 (0.0)
3 (5.6)
7 (13.0)
51 (9.3)

12 (80.0)
0 (0.0)
0 (0.0)
6 (40.0)
0 (0.0)
4 (26.7)
0 (0.0)
0 (0.0)
1 (6.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

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

1

Three patients died of postoperative liver failure, 1 patient was observed in right atrium and died of heart failure, and 1 patient died of badly infection.
Group 1: TACE; Group 2: Surgery + postoperative TACE; Group 3: Monotherapy of sorafenib; Group 4: Palliative therapy.

[15-17]

cirrhosis (HR= 2.10, 95%CI: 1.02-4.32, P = 0.044),
PHT (HR = 1.65, 95%CI: 1.02-2.65, P = 0.041), and
PVTT location (HR = 5.41, 95%CI: 2.66-7.65, P < 0.001)
were associated with worse OS (Table 5).

some studies
advocated that liver resection
and removing tumor thrombus from the portal vein
[21,22]
[18-20]
system
, TACE
and TACE combined with
[29]
sorafenib
still achieved survival benefit despite that
the tumor thrombus had extended to the main trunk of
the portal vein in HCC patients. Thus, the present study
aimed to evaluate the efficacy and safety of different
treatments for HCC patients with PVTT involving the
main trunk of the portal vein.

DISCUSSION
According to the guidelines of the European Association
[12]
[13]
for Study of the Liver , AASLD
and Classification
Liver Cancer (BCLC) staging system, PVTT was usually
considered an absolute or relative contradiction for
hepatic resection or TACE, and only sorafenib and
[1,11,14]
palliative treatments are recommended
. However,
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TACE remains a safe and effective treatment strategy for
HCC
TACE is usually considered a contradiction for HCC
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Table 4 Adverse events related to sorafenib administration n (%)
Adverse event

Mono-therapy of sorafenib
All events

Overall incidence
Alopecia
Anorexia
Diarrhea
Epistaxis
Fatigue
Gastrointestinal hemorrhage
Hand-foot skin reactions
Liver dysfunction
Nausea

14 (93.3)
6 (40.0)
4 (26.7)
13 (86.7)
1 (6.7)
12 (80.0)
1 (6.7)
11 (73.3)
4 (26.7)
12 (80.0)

TACE combined with sorafenib

Grade 1-2 events Grade 3-4 events
12 (80.0)
6 (40.0)
4 (26.7)
12 (80.0)
1 (6.7)
12 (80.0)
1 (6.7)
10 (66.7)
4 (26.7)
12 (80.0)

2 (13.3)
0 (0.0)
0 (0.0)
1 (6.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (6.7)
0 (0.0)

All events
30 (90.9)
11 (33.3)
18 (54.5)
27 (81.8)
2 (6.0)
22 (66.7)
1 (3.0)
12 (36.3)
25 (75.8)
19 (57.6)

Grade 1-2 events Grade 3-4 events
26 (78.8)
11 (33.3)
18 (54.5)
26 (78.8)
2 (6.0)
21 (63.6)
1 (3.0)
11 (33.3)
23 (69.7)
19 (57.6)

4 (12.1)
0 (0.0)
0 (0.0)
1 (3.0)
0 (0.0)
1 (3.0)
0 (0.0)
1 (3.0)
2 (6.0)
0 (0.0)

TACE: Transcatheter arterial chemoembolization.

patients with portal vein obstruction by tumor
thrombus because of the high risk of hepatic function
[30]
insufficiency . However, HCC growth mostly depends
on 90% of the blood supply from the hepatic artery,
whereas the normal liver parenchyma receives
about 70% of its basic blood supply from the portal
[31-33]
vein
. Based on this fact, TACE can provide a
survival benefit to HCC patients by blocking the main
nutrient vessels of tumor via an embolisation in the
hepatic artery and subsequently allowing sustainable
chemotherapeutic drugs to kill the HCC cells. This
method is also effective in preventing compensatory
circulation growth, reducing portal vein pressure
and preventing intractable ascites and bleeding of
[34-37]
[38]
esophageal varices
. Lee et al
reported that
TACE is safe for the treatment of HCC with portal trunk
obstruction when patients have sufficient collateral
[18]
circulation around the portal trunk. Luo et al showed
that patients with major PVTT achieve better OS with
TACE therapy than with conservative treatment. The 3-,
6-, 12- and 24-mo OS rates were 79.2%, 38.7%, 5.8%
and 0% and 58.6%, 20%, 0% and 0%, respectively
(P = 0.002). In our study, the survival rates (at 3, 6,
12 and 24 mo were 97.9%, 91.8%, 36.3%, 0.0% and
96.7%, 93.3%, 53.5%, 0.0%) and survival periods
(10.22 mo vs 10.52 mo) increased mostly after TACE
or TACE combined with sorafenib compared with other
treatments.
TACE cannot completely block the nutrient trans
port to the tumor because of the small nutrient vessels
from the portal vein; therefore, tumor necrosis is not
[18]
completely achieved . Generally, the cytotoxic effects
of chemotherapy drugs follow log-cell kill kinetics,
in which cells are killed proportionally. Therefore,
tumor cells cannot be eliminated by one cycle of
chemotherapy. With multiple treatment cycles, the
possibility of killing residual tumor cells increases
[39]
with enhanced prognosis . Furthermore, among
the patients with PVTT invading the main trunk of
the portal vein, invisible intrahepatic metastasis is
more likely to happen because the tumor cells were
distributed via the portal vein system; in PVTT, these
cells are located in a liver segment. Lipiodol can
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selectively accumulate in the invisible metastatic HCC
when delivered intra-arterially and acts as a carrier for
anticancer drugs. Hence, TACE can effectively block
the nutrient vessels in the invisible metastatic HCC,
thus allowing sustainable chemotherapeutic drugs to
[35-37]
kill the microscopic HCC cells
. However, repeated
TACE can damage the remnant liver parenchyma,
particularly in cirrhotic patients, and result in liver
[40,41]
function impairment or deterioration
. Thus, the
number of TACE cycles should depend on the tumor
response to TACE and patient’s liver function.
Fortunately, patients who underwent TACE did not
present serious adverse events or suffer from therapyrelated death. Therefore, TACE should be considered
a safe and effective treatment for HCC patients with
PVTT extending to the main trunk and IVC.

Efficacy of sorafenib as an adjuvant treatment and
single use of sorafenib

According to the BCLC group, the only recommended
treatment for HCC patients with PVTT is sorafenib.
Sorafenib is often used as an adjuvant therapy
combined with TACE. As an oral small molecule tyrosine
multikinase inhibitor of several intracellular proteins,
sorafenib can intervene some factors regarding tumor
progression, including the platelet derived growth
factor receptor-β, Raf serine/threonine kinases and
vascular endothelial growth factor receptor (VEGFR)
[42,43]
receptors-1/2/3
. Sorafenib plays a critical role in
tumor cell apoptosis and anti-angiogenesis of new born
[44]
tumor, which further enhances the efficacy of TACE .
Basically, VEGF plays an important role in tumor
[45,46]
recurrence and metastasis. Some reports
in
dicated that the VEGF level increases after TACE.
Thus, anti-angiogenesis therapy via sorafenib is
normally considered to contribute to preventing the
development of new vessels supplying the tumor
by suppressing the VEGFR level; consequently, the
interaction between VEGF and VEGFR is decreased.
[29,47,48]
Several studies
indicated that TACE combined
with sorafenib would provide a better OS than single
[49-51]
TACE. Several trials
also indicated that sorafenib
used as a preoperative therapy would have benefit
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Table 5 Factors affecting overall survival using Cox’s proportional hazard model
Factor

Univariate analysis

Positive for HBsAg
Yes
No
Positive for anti-HCV
Yes
No
AFP (mg/L)
> 400
≤ 400
Child-Pugh Stage
Stage A
Stage B
Tumor size (cm)
>5
≤5
Tumor number
>3
≤3
Cirrhosis
Yes
No
Portal hypertension
Yes
No
Tumor thrombus location
Main portal vein trunk
Inferior vena cava

Patients, n

Mean OS (mo)

95%CI

349
69

9.05
10.58

19
399

Multivariate analysis

P value

HR

95%CI

P value

8.33-9.76
9.92-11.23

0.035

1.09

0.56-2.14

0.798

6.00
9.42

2.49-9.51
8.90-9.94

0.026

1.45

0.44-3.88

0.454

134
284

7.99
9.96

6.94-9.05
9.42-10.49

< 0.001

1.84

1.09-3.11

0.023

262
156

9.88
8.28

9.34-10.42
7.21-9.37

< 0.001

1.99

1.20-3.30

0.008

301
117

8.48
10.82

7.79-9.18
10.20-11.45

< 0.001

3.31

1.57-6.98

0.002

147
271

8.62
10.55

7.92-9.32
9.89-11.20

< 0.001

2.10

1.22-3.63

0.007

343
75

8.85
10.82

8.23-9.46
10.06-11.59

0.007

2.10

1.02-4.32

0.044

113
345

7.00
10.14

6.03-7.98
9.62-10.65

< 0.001

1.65

1.02-2.65

0.041

299
119

10.40
4.83

9.89-10.91
4.26-5.41

< 0.001

4.51

2.66-7.65

< 0.001

PVTT: Portal vein tumor thrombus; HBsAg: Hepatitis B surface antigen; anti-HCV: Hepatitis C virus antibody; PLT: Platelet count; TBil: Total bilirubin;
ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PT: Prothrombin time; AFP: Alpha-fetoprotein.

of shrinking the tumor size according to the response
evaluation criteria in solid tumors and can downstage
the HCC to undergo other therapies. However, the
current study did not find that using sorafenib as an
adjuvant therapy with TACE can significantly prolong
the survival period compared with single TACE,
probably because our study is basically focused on
HCC patients with PVTT invading the main portal vein
trunk or IVC, whereas the other studies emphasised
on the patients without major PVTT or without PVTT.
[50]
Similarly, a recent systematic review evidenced that
TACE combined with sorafenib would not prolong OS
more than single TACE in unresectable HCC (HR = 0.81,
95%CI: 0.65-1.01, P = 0.061).
Nevertheless, single use of sorafenib would not
provide a better survival benefit than palliative
treatment. The survival rates at 3, 6, 12 and 24 mo
were 50.9%, 29.5%, 0.0% and 0.0% in the singleuse sorafenib group, respectively; correspondingly,
these rates were 55.0%, 0.0%, 0.0% and 0.0% in
the palliative group (P > 0.05). The survival period of
the single-use sorafenib group (3.54 mo) was slightly
longer than that of the palliative treatment group (2.82
mo). No obvious serious adverse events occurred in
patients who used sorafenib. Nevertheless, for HCC
patients associated with PVTT invading the main portal
vein trunk, the single use of sorafenib as an adjuvant
treatment can be recommended, but the efficacy
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remains under discussion.

Efficacy and safety of HR

PVTT is generally considered an absolute or rela
[52]
ted contradiction for surgery . However, some
[16,53]
studies
advocated that HR can achieve survival
benefit and enhance life quality. Hepatectomy along
the portal tributary is effective in eradicating the
main gross tumor, tumor’s surgical margins and
possible satellite nodules; an embolectomy is feasible
to remove the tumor thrombus from the portal vein
system, consequently reducing portal vein pressure
and allowing the recovery of blood flow in the portal
vein; this method helps improve liver function and
prevent the intractable ascites, bleeding of esophageal
varices and its related death. In addition, the method
reduces the tumor burden and increases the efficacy
of postoperative multimodality treatments, such as
TACE, hepatic artery infusion, portal vein infusion and
[22]
biotherapy. Ban et al
indicated that hepatectomy
and embolectomy to treat HCC with tumor thrombus
extending to the main trunk of the portal vein can
provide a comparable survival benefit similar to that
achieved by hepatectomy for PVTT located in the first
branch of portal vein or above. In the present study,
HR was therefore considered an effective treatment
method in selected HCC patients with PVTT involving
the major portal vein. However, we cannot determine
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a survival benefit after HR compared with other
treatments, which is probably because the patients
involved in our study were characterised with high
exposure to HBV, chronic liver cirrhosis and PTH. These
variables can lead to heavier damage of perioperative
liver function and worse hepatic impairment after HR.
When tumor thrombus extended to the main trunk
of the portal vein, the risk of portal vein hypertension
and its related diseases was increased, and the liver
function damage was heavier than that in HCC without
the obstruction by tumor thrombus in the major portal
vein. Furthermore, HCC cells spread out and were
distributed through the portal vein system, thereby
leading to an invisible intrahepatic metastasis, which
is the main mechanism of postoperative sustainable
damage of residual liver function and recurrence. Thus,
HR was no longer an eradicative treatment for HCC
patients with PVTT invading the main trunk of portal
vein. All of these variables affected the long-term
survival of the patients. Similar to our finding, Peng et
[54]
al
reported that compared with TACE, HR provides
survival benefits for patients with resectable HCC
with PVTT invading the portal vein branches but not
[16]
the main portal vein trunk. Shi et al
proposed that
hepatectomy and thrombectomy are viable treatments
until the PVTT infiltrates into the main trunk of the
portal vein. Nevertheless, in our study, complications
and mortality in hospital after HR were most frequently
comparable with those after other therapies. Overall,
HR should be considered with precaution for HCC
patients with PVTT invading the main trunk of the
portal vein because it usually cannot prolong the
OS but may increase the risk of postoperative
complications and liver failure. Hence, the efficacy of
the studied method remains controversial.

function, large and multinodular HCC tumors generally
need major hepatic resection (such as left/right
hemihepatectomy), which leads to longer operation
period and more loss of blood compared with partial
hepatectomy. This finding explains the aggravation
of the impairment of postoperative liver function and
increase of risk in postoperative liver failure and death
in the hospital. Such reason also helps explain why the
postoperative survival was poor in the current study.
Furthermore, our study did not find the difference of
survival in those patients until PVTT extended to the
inferior vein cava compared with those patients whose
PVTT had invaded the inferior vein cava.
The limitations of the present study include its
retrospective nature. Moreover, patients were treated at
a single centre. Another limitation is the characteristics
of the HCC patients, who came from some geographic
[57]
areas with the highest incidence of HCC . Therefore,
the study result may be specifically suitable for Asian
population and focusing mainly on HCC. Further
randomised controlled trials with large sample size are
needed.
This retrospective study suggests the following
for treatment of HCC patients with tumor thrombus
invading the main trunk of the portal vein and IVC:
(1) TACE provided the most significant survival benefit
among other therapies without inducing serious
adverse events. Thus, TACE should be recommended
as a safe and effective therapy; (2) sorafenib as an
adjuvant treatment and combined with TACE slightly
prolonged the OS than single TACE. However, the
single use of sorafenib did not obviously prolong the
survival compared with palliative treatment. Therefore,
sorafenib remains a good option as an adjuvant
therapy, but the efficacy of its single use remains to be
evaluated; and (3) although hepatic resection released
the portal vein hypertension and its related disease,
this method did not provide survival benefit but rather
induced multiple complications and increased the risk
of postoperative liver failure and related death. Thus,
liver resection should be carefully selected, and the
efficacy of this method remains controversial.

Prognostic factors for survival

Our multivariable analysis revealed that larger and
multiple nodular HCCs were related to poor prognosis.
This finding is not consistent with other reports
indicating that tumor size larger than 10 cm and
multiple nodules are not conflicting with HR. Moreover,
HBV, cirrhosis and portal vein hypertension were
identified as poor prognostic factors. The patients in
our study came from the Guangxi Zhuang Autonomous
Region of China, where the population shows the
[55,56]
highest HBV-related HCC incidence rate worldwide
.
Cirrhosis usually developed from the liver, which was
repeatedly impaired by HBV, and consequently deve
loped to PHT. Furthermore, among the patients in
our study, PTH not only developed from chronic HBV
and cirrhosis, but also from the blockage by tumor
thrombus in the main trunk of the portal vein. Thus,
the perioperative liver function of patients in our study
suffered heavier damage than patients from other
areas without HBV and PVT in the major portal vein.
On the basis of bad damage of perioperative liver
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I feasibility trial was conducted. Patients suffering
from gastric cancer and planned for gastrectomy were
included. During surgery, a subserosal injection of 1.6
mL ICG:Nanocoll was administered around the tumor.
NIR fluorescence imaging of the abdominal cavity was
performed using the Mini-FLARE™ NIR fluorescence
imaging system. Lymphatic pathways and SLNs were
visualized. Of every detected SLN, the corresponding
lymph node station, signal-to-background ratio and
histopathological diagnosis was determined. Patients
underwent standard-of-care gastrectomy. Detected
SLNs outside the standard dissection planes were also
resected and evaluated.

sentinel lymph node detection in gastric cancer: A pilot study.
World J Gastroenterol 2016; 22(13): 3644-3651 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i13/3644.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i13.3644

INTRODUCTION
Gastric cancer is still one of the most frequent causes
of cancer deaths worldwide with an incidence rate
[1,2]
varying between countries . The highest estimated
mortality rates are in Eastern Asia (24 per 100000 in
men, 9.8 per 100000 in women), the lowest in North
[3]
America (2.8 and 1.5, respectively) .
Surgical resection of the tumor is the only
curative treatment option. Depending on the size,
infiltration depth, and location of the tumor, surgery
can be performed endoscopically, or by partial or total
gastrectomy. In addition to resection of the affected
part of the stomach, a lymph node (LN) dissection
is typically performed. This can either be done by
extensive lymphadenectomy or by a sentinel lymph
node (SLN) procedure, depending on T status and size
of the tumor. Nodal involvement in gastric cancer occurs
in only 2%-18% when the depth of cancer invasion is
limited to the mucosal or submucosal layer (T1), and
in about 50% when tumors invade the subserosal layer
[4]
(T2) . In patients with tumor-negative lymph nodes,
a SLN procedure could avoid the risk of morbidity
and mortality of an unnecessary lymphadenectomy.
Additionally, in patients who are undergoing a partial
or total gastrectomy combined with lymphadenectomy,
identification of potentially involved LNs outside the
standard plane of resection is possible by detecting the
SLN. In this way, also in tumors with higher T stages,
one can find the true first tumor draining LN(s), and
not leaving them in situ. As the lymphatic drainage
route of gastric cancer is generally multidirectional and
[5]
complicated , intraoperative assistance in identification
of potentially involved lymph nodes could improve
gastric cancer treatment.
SLN detection in gastric cancer was first described
[6]
by Kitagawa et al Since then, multiple studies were
performed. A prospective multicenter trial in 433
patients with T1 or T2 stadium tumors showed an
accuracy rate of 99% for identification of metastasis
in SLNs with the use of a dual tracer consisting of
[7]
radiolabeled tin colloid and blue dye .
Near-infrared (NIR) fluorescence imaging is an
innovative technique to visualize tumors, vital struc
[8]
[9]
tures, lymphatic channels, and LNs . Soltesz et al
[10]
in a preclinical setting and Kusano et al
in a clinical
setting were the first to report the SLN procedure in
gastric cancer using NIR fluorescence imaging. Since
then, multiple studies confirmed the feasibility of this
[11-15]
technique for both open and laparoscopic surgery
.
All clinical studies reported to date utilized indocyanine
green (ICG) as the lymphatic tracer. However, the use

RESULTS: Twenty-six patients were enrolled. Four
patients were excluded because distant metastases
were found during surgery or due to technical failure
of the injection. In 21 of the remaining 22 patients, at
least 1 SLN was detected by NIR Fluorescence imaging
(mean 3.1 SLNs; range 1-6). In 8 of the 21 patients,
tumor-positive LNs were found. Overall accuracy of
the technique was 90% (70%-99%; 95%CI), which
decreased by higher pT-stage (100%, 100%, 100%,
90%, 0% for respectively Tx, T1, T2, T3, T4 tumors).
All NIR-negative SLNs were completely effaced by
tumor. Mean fluorescence signal-to-background ratio of
SLNs was 4.4 (range 1.4-19.8). In 8 of the 21 patients,
SLNs outside the standard resection plane were
identified, that contained malignant cells in 2 patients.
CONCLUSION: This study shows successful use of
ICG:Nanocoll as lymphatic tracer for SLN detection in
gastric cancer. Moreover, tumor-containing LNs outside
the standard dissection planes were identified.
Key words: Gastric cancer; Sentinel lymph node; Nearinfrared fluorescence imaging; Image-guided surgery;
Indocyanine green
© The Author(s) 2016. Published by Baishideng
Publishing Group Inc. All rights reserved.
Core tip: Sentinel lymph node (SLN) detection using
indoyanine green adsorbed to nanocolloid (ICG:
Nanocoll) was investigated in 26 patients with gastric
cancer. Adsorption of ICG to nanocolloid results
nd
in better retention in SLNs and staining of less 2
tier nodes. After subserosal injection, fluorescent
SLN detection using the Mini-FLARE™ system was
performed. A mean number of 3.1 SLNs per patient
were found and overall accuracy was 90%. In 8
patients, SLNs outside the standard resection planes
were identified, that contained malignant cells in 2
patients. To conclude, NIR fluorescence imaging using
ICG:Nanocoll as lymphatic tracer identified SLNs inand outside standard dissection planes.
Tummers QRJG, Boogerd LSF, de Steur WO, Verbeek FPR,
Boonstra MC, Handgraaf HJM, Frangioni JV, van de Velde
CJH, Hartgrink HH, Vahrmeijer AL. Near-infrared fluorescence
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of ICG resulted in detection of more fluorescent lymph
nodes per patient than expected due to migration
through the SLN to second tier nodes. Consequently,
resection and pathological assessment of multiple nodes
was still needed. Adsorption of ICG to a nanocolloid
(ICG:Nanocoll) increases its hydrodynamic diameter,
which may result in better retention of the lymphatic
tracer in the SLN, and thereby staining less second-tier
nodes. This results in intraoperative identification of true
SLNs, and avoids analyzing non-SLNs during pathological
assessment for tumor-status of the SLN. This principle
[16]
was already successfully described for breast cancer
[17]
and skin melanoma .
The aim of this study was to investigate feasibility
of ICG adsorbed to nanocolloid as a lymphatic tracer
for the intraoperative detection of the SLN in gastric
cancer patients with different pT stages, and to
determine the prognostic utility of the detected SLN.

hotspot that appeared after injection of the tracer. When
multiple fluorescent hotspots appeared in the same LN
basin all fluorescent LNs were defined as SLNs. The
anatomical location of the fluorescent hotspots was
determined using the lymph node stations as defined by
the Japanese Research Society for the Study of Gastric
[19]
Cancer . Patients underwent a standard-of-care
partial or total gastrectomy with modified D2 resection,
consisting of resection of the peri-gastric LNs and LN
station 7, 8 and 9. After resection, the specimen was
TM
analyzed ex vivo using the FLARE NIR fluorescence
imaging system at the Pathology Department. The
marked fluorescent hotspots were resected from the
specimen, transected, fixed in formalin and embedded
in paraffin for routine hematoxylin and eosin staining,
and analyzed for tumor status.
The in vivo signal-to-background ratio (SBR) of
the SLN was calculated by dividing the fluorescence
intensity of the SLN by the fluorescence intensity of
the directly surrounding fatty tissue. Accuracy rate was
defined by the number of patients in which tumornegative SLNs were found when no tumor-positive
lymph nodes were found in the entire specimen and
the number of patients in which tumor-positive SLNs
were found when tumor-positive lymph nodes were
found in the whole specimen divided by the total
number of patients. Accuracy rate was expressed as
percentage with a 95%CI. A false-negative patient was
defined as a patient in whom tumor-negative SLNs
were found, while tumor-positive LNs were found in
the resection specimen.
Confidence intervals for the binomial proportions
were calculated using exact binomial confidence
intervals. Numerical data were summarized with
median (range).

MATERIALS AND METHODS
Tracer preparation

ICG:Nanocoll was prepared by diluting 25 mg ICG
(Pulsion Medical Systems, Munich, Germany) in 5 mL
water and diluting 0.5 mg Nanocoll (GE Healthcare,
Eindhoven, the Netherlands) in 3 mL saline. Portions
of these solutions were mixed to obtain 1.6 mL ICG:
Nanocoll containing 0.05 mg ICG and 0.1 mg Nanocoll.
Preparation was performed in the operating room,
following preparation instructions of the institutional
pharmacist.

Clinical trial

The trial was approved by the Medical Ethics Committee
of the Leiden University Medical Center and was
performed in accordance with the ethical standards of
the Helsinki Declaration of 1975. Registration within the
Netherlands Trial Register was performed (NTR4280).
Twenty-six patients with different T stages of gastric
cancer, planned for a partial or total gastrectomy, were
included between February 2013 and March 2015.
Patients underwent standard-of-care preoperative
imaging using a computed tomography (CT) scan. No
standard endoscopic ultrasound or staging laparoscopy
was performed. All procedures were performed by
surgeons with broad experience in gastric cancer
surgery.
After opening of the abdominal cavity the tumor was
exposed without causing damage to lymphatic vessels
around the tumor as much as possible. When no
metastasized disease was found, 1.6 mL ICG:Nanocoll
was administered subserosally in 4 quadrants around
the tumor. Directly after injection NIR fluorescence
images of lymphatic pathways were acquired using
TM
[18]
the Mini-FLARE NIR fluorescence imaging system .
Fluorescence imaging was performed on multiple time
points during surgery. A SLN was defined as fluorescent

WJG|www.wjgnet.com

Intraoperative near-infrared fluorescence imaging

Intraoperative imaging procedures were performed
using the Mini-Fluorescence-Assisted Resection and
TM
Exploration (Mini-FLARE ) image-guided surgery
[18]
system, as described earlier . Briefly, the system
consists of 2 wavelength isolated light sources: a
“white” light source, generating 26600 lx of 400 to 650
nm light, and a “near-infrared” light source, generating
me
1.08 mW/ca of about 760 nm light. Color video and
NIR fluorescence images are simultaneously acquired
and displayed in real time using custom optics and
software that separate the color video and NIR
fluorescence images. A pseudo-colored (lime green)
merged image of the color video and NIR fluorescence
images is also displayed. The imaging head is attached
to a flexible gooseneck arm, which permits positioning
of the imaging head at extreme angles virtually
anywhere over the surgical field. For intraoperative
use, the imaging head and imaging system pole stand
are wrapped in a sterile shield and drape (Medical
Technique Inc., Tucson, AZ).
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Figure 1 Identification of sentinel lymph nodes using near-infrared fluorescence imaging. A: Identification of sentinel lymph node (SLN) (arrow) 15 min after
injection of ICG:Nanocoll using near-infrared (NIR) fluorescence imaging. The injection site around the tumor is indicated by a dashed arrow; B: Patient with tumorpositive lymph node (indicated by arrow). Injection sites and fluorescent SLN are clearly detected. Lymphatic vessels are also visible between the injection site and
SLN. The SLN is marked using sutures.

underwent a total gastrectomy, 14 patients underwent
a partial gastrectomy and in 1 patient no resection
was performed due to metastasized disease. Twentythree patients received neoadjuvant chemotherapy
consisting of Epirubicine, Oxaliplatin and Capecitabine
or Epirubicine, Cisplatine and Capecitabine.

Table 1 Patient and tumor characteristics
Characteristic
Age (yr)
Tumor size (mm)
Gender
M
F
Tumor location
Cardia
Corpus
Antrum
Tumor pT stage
pTx
pT1
pT2
pT3
pT4
Type of resection
Total gastrectomy
Partial gastrectomy
No resection
Preoperative CTx

Median

Range

64
35
N (n = 26)

30-82
10-90

19
7

73%
27%

8
6
12

31%
23%
46%

2
5
5
10
4

8%
19%
19%
39%
15%

11
14
1
23

42%
54%
4%
88%

Sentinel lymph node detection

Three patients (No.3, No.12, and No.16) did not
receive an injection of ICG:Nanocoll because meta
static disease was found during surgery. In 1 patient
(No.8), ICG:Nanocoll was injected through the wall of
the stomach. After this technical failure, this patient
was excluded for further analysis.
Table 2 shows the characteristics of the intra
operatively detected SLNs in each patient. In 21 of
the remaining 22 patients (95%, 77%-100%, 95%CI
interval), at least 1 SLN was found during surgery (mean
of 3.1 SLNs per patient; range 1-6). SLNs were identified
as bright fluorescent spots in the surrounding tissue
of the stomach. Figure 1A shows a bright fluorescent
spot, which was found histologically to be a tumornegative lymph node. Figure 1B shows an example
of a tumor-positive lymph node and visualization of
lymphatic vessels running from the injection site to
the lymph node. The mean SBR of the SLNs was 4.4
(range 1.4-19.8). In total, 533 LNs were identified in
the resection specimens by the pathologist, resulting in
a mean number of 24 resected LNs (range 11-44) per
patient.
In 19 out of 21 patients, an accurate SLN was
found. The overall accuracy of the SLN procedure
was 90% (95%CI: 70%-99%) and a higher pT-

RESULTS
Patient characteristics

Twenty-six patients with gastric cancer undergoing
partial or total gastrectomy were included in this study
(Table 1). Median age was 64 years (range 30-82) and
19 patients were male. T-stadium of tumors was pTx,
pT1, pT2, pT3, and pT4 in respectively 2, 5, 5, 10,
and 4 patients. Median tumor size was 31 mm (range
10-90 mm). Tumors were located in the cardia in 8,
corpus in 6 and antrum in 12 patients. Eleven patients
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Table 2 Characteristics of detected sentinel lymph nodes
Patient
No.

T stage

Tumor
location

Pre-operative Number of
Location of
CTx
detected SLNs detected SLNs by
LN St

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

1
4
4
1
2
3
1
2
3
3
3
4
2
2
2
4
3
3
x
x
3

M
M
D
D
U
M
M
U
U
D
D
U
U
D
M
M
U
D
D
D
M

No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

3
3

22
23
24
25
26

3
3
3
1
1

D
U
D
D
D

Yes
Yes
Yes
Yes
Yes

4
1
6
4
4

3
4
3
4
2
3
4
3
4
0
2
2
2
2
5

Mean SBR
of SLNs

Tumor
status in
SLNs

SLN
Identification
accurate?

3
5.4
Neg
Yes
3; 3 and 6
1.9
Pos
No
No tracer injected because of metastasized disease
4; 6 and 6
4.3
Neg
Yes
3; 3; 4 and 4
3.9
Neg
Yes
4; 4 and 7
5.3
Neg
Yes
3; 3; 6 and 6
3.1
Neg
Yes
Technical failure of tracer administration
1 and 1
8.7
Neg
Yes
6; 6 and 12
4.7
Pos
No
5; 6; 6 and 12
4.9
Pos
Yes
No tracer injected because of metastasized disease
1; 7 and 9
3.5
Neg
Yes
6 and 12
5.1
Pos
Yes
NA
NA
NA
NA
No tracer injected because of metastasized disease
8 and 12
2.6
Neg
Yes
5 and 6
11.4
Neg
Yes
3 and 3
3.6
Neg
Yes
3 and 14
3.6
Neg
Yes
3; 3; outside
2.8
Pos
Yes
standard planes of
9 (3x)
3; 6; 6 and 14
3.1
Pos
Yes
1
6.2
Pos
Yes
3; 3; 6; 6; 6 and 11
4.0
Pos
Yes
3; 3; 4 and 6
4.6
Neg
Yes
5; 6; 6 and 6
5.6
Neg
Yes

SLN outside
Standard
dissection
plane?
No
No
No
No
No
No
No
Yes
Yes
No
Yes
No
Yes
No
No
Yes
Yes

Yes
No
Yes
No
No

CTx: Chemotherapy; D: Antrum of stomach; LN: Lymph node; M: Corpus of stomach; NA: Not Applicable; SBR: Signal-to-background ratio; SLN: Sentinel
lymph node; St: Lymph node station according to Japanese Research Society for the Study of Gastric Cancer; U: Cardia of stomach.

stadium was associated with a lower accuracy rate.
Accuracy rates for pTx, pT1, pT2, pT3, and pT4 were
respectively 100%, 100%, 100%, 90%, and 0%.
Histological analysis of the SLNs showed lymph
node metastases in 8 out of 21 patients. In 6 patients,
the SLNs that were identified using NIR fluorescence
imaging were tumor-positive (true positive). In the
other 2 patients, tumor-positive lymph nodes were
not identified using NIR fluorescence imaging (falsenegative). One false-negative patient (No.2) had a T4
tumor. The tumor positive lymph nodes (3 out of 33
LNs) in this patient were found in the peripancreatic
fatty tissue and in lymph node station 3, where a
SLN was also detected. The second false-negative
patient (No.10) had a T3 tumor. Four out of 11 LNs
that contained tumor cells were not detected by NIR
fluorescence imaging. Of particular importance, all
7 tumor-positive LNs that were not detected by NIR
fluorescence imaging were completely effaced by tumor
tissue and no lymphatic tissue could be identified.
In 8 patients, SLNs outside the standard resection
plane were identified. In 4 patients these were located
in the hepatoduodenal ligament (LN station 12), in 2
patients near the border of the pancreas (LN station
14), in 1 patient outside the standard plane near
LN station 9 and in 1 patient in LN station 11. In 2
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patients, the extra-detected lymph nodes outside
the standard plane of resection contained tumor cells
(No.21 and No.22) (Figure 2).
No adverse events regarding the use of ICG:Nanocoll
or NIR fluorescence imaging were encountered.

DISCUSSION
The current feasibility study demonstrates that the
SLN detection in gastric cancer, using ICG adsorbed
to nanocolloid as the lymphatic tracer, is feasible
and safe. In 21 out of 22 patients at least 1 SLN was
identified, and in 19 out of 21 patients an accurate
SLN was found.
In fewer than 50 percent of patients with a T1 or
T2 tumor, lymph nodes show tumor involvement. In
these patients, the SLN procedure has the potential
to avoid an unnecessary lymphadenectomy, and its
associated potential morbidity and mortality. Kitagawa
[7]
et al reported an accuracy of nodal evaluation for
metastasis of 99 percent, underlining the clinical
applicability of the technique in this selected patient
group. The SLN procedure in gastric cancer was
validated for previously untreated cT1-T2 tumors with
a diameter of less than 4 mm. However, in the Western
world patients often present with a higher T stadium,
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Figure 2 Identification of tumor-positive sentinel lymph nodes outside the standard dissection planes. Identification of tumor-positive sentinel lymph node (arrow)
outside the standard resection specimen in patient No.21. LNs are identified after gastrectomy and located outside the standard dissection plane near LN station 9.

and are often pretreated with chemotherapy. In these
patients who need an extensive lymphadenectomy,
the described technique could assist in identifying
potentially involved lymph nodes located outside the
standard plane of resection. Moreover, morbidity and
mortality rates increase when a more extended lymph
[20]
node dissection is performed . A more targeted and
personalized treatment, including identification and
dissection of truly or potentially involved lymph nodes,
could result in improved gastric cancer treatment.
Therefore, in both early gastric cancer and in resec
table cases of advanced gastric cancer, accurate
identification of true SLNs is of great importance.
Many different lymphatic tracers have been rep
orted for SLN identification. The largest prospective
multicenter trial until now used a combination of blue
[7]
dye and radiolabeled tin colloids . However, both
tracers have disadvantages. Blue dye could alter
the surgical field by dark staining, and only permits
identification of superficially located lymph nodes.
Moreover, in previous studies comparing radiolabeled
colloids, blue dye, and NIR fluorescence for SLN
detection in breast cancer patients, only 84%-88% of
the identified SLNs stained blue compared to 100%
[16,21]
that were NIR fluorescent
. For the SLN procedure
in skin melanoma blue dye staining was successful in
[22]
only 73% . Radiolabeled colloids only permit acoustic
guidance during SLN identification, but no visual
guidance. Besides, radioactive isotopes are scarce in
many areas of the world. NIR fluorescence imaging
could overcome these limitations as it only needs an
imaging system and fluorescent tracer, and allows
real-time optical identification of lymph nodes in up to
about 6 mm of tissue, for example in visceral dense fat
[8]
tissue .
[10]
Since Kusano et al
reported the first SLN pro
cedure in gastric cancer using NIR fluorescence
imaging, multiple studies confirmed the feasibility
of this technique for both open and laparoscopic
[11-15]
surgery
. All reported studies to date used ICG
alone as lymphatic tracer, which resulted in detection
of many fluorescent lymph nodes per patient. For
[14]
example, Tajima et al
reported a mean number of
[11]
7.2 ± 7 SLN per patient and Fujita et al
a mean
number of 9.3 ± 6.4 SLN per patient when using ICG
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as lymphatic tracer. This was possibly due to migration
through the SLN to second tier nodes, and resection
and pathological assessment of multiple nodes was still
needed.
By combining ICG with nanocolloid, its hydro
dynamic diameter increases from ≤ 1 nm (ICG) to
20-80 nm (ICG:Nanocoll). It has been shown that
the hydrodynamic diameter of a lymphatic tracer
has a major impact on the lymphatic migration and
accumulation in lymph nodes. Molecules with a hydro
dynamic diameter less than approximately 10 nm (for
example ICG) have the potential to migrate through the
SLN to second tier nodes, while larger molecules with
a hydrodynamic diameter of < 100 nm (ICG:Nanocoll)
[23]
are retained in the SLN . In the current study, a mean
number of 3.1 SLN per patient was found. This lower
number of detected SLNs is in accordance with our
hypothesis that better retention in SLNs is obtained
when a lymphatic tracer with a higher hydrodynamic
diameter is used. This highly improves the clinical
applicability of SLN detection using NIR fluorescence
imaging in gastric cancer.
Although the number of patients was limited in the
current study, an excellent accuracy rate was obtained
in lower pT stages, in which the clinical value of a
SLN procedure is becoming more and more accepted.
These data are consistent with previous studies where
the SLN procedure was performed for T1 and T2
tumors. However, even for advanced gastric cancer,
identifying the first draining lymph nodes can be of
added value. In the current study, LNs from 8 patients
were identified outside the standard resection margin
using NIR fluorescence imaging; they would otherwise
not have been resected. In 2 patients, the extradetected LNs outside the standard plane of resection
contained tumor cells. These LNs were only resected
because NIR fluorescence imaging identified them.
Larger studies are needed to determine the additional
value of the described technique in advanced gastric
cancer.
In 2 patients, tumor-positive LNs were not identified
using NIR fluorescence imaging. One explanation for the
false positivity of these LNs might be the fact that these
tumors were relatively large, respectively 60 and 45mm
diameter, and consequently, adequate injection of the
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tracer in four quadrants around the tumor might be
hampered. However, other fluorescent LNs that that did
contain tumor cells, were found in tumors with a median
size of 52mm (range 27-90). Moreover, all 7 of these
LNs were completely effaced by tumor tissue. Such
LNs lose function, lymph doesn’t flow in or out, and
no lymphatic tissue is present to trap the fluorescent
tracer. Subsequently, these tumor-positive LNs can’t be
identified, a principle that counts for the SLN procedure
in all solid cancers. In one of these patients however, the
identified SLN was found in the same LN basin as one
of the tumor-involved LNs. This underlines the theory
that whenever SLNs are visualized, the entire lymph
node basin should be resected instead of only the SLN
by lymph node picking, because it is shown that most
of the metastatic non-SLNs are positioned in the same
[24,25]
basin as the detected SLNs
.
A well-known difficulty in SLN mapping in gastric
cancer is the presence of skip metastasis: involvement
of extra-perigastric lymph nodes without the detection
of perigastric lymph node metastasis. The incidence
of skip metastasis among patients with gastric cancer
[26]
and metastasis is reported to be as high as 11% .
The described technique could assist in identifying
these potentially involved extra-perigastric lymph
nodes.
One of the limitations of this study is the admini
stration technique, which is performed during surgery
in the subserosal layer of the gastric wall. Opening
the abdominal cavity, and exposing the affected part
of the stomach could damage lymphatic vessels. This
potentially hampers lymphatic flow to SLNs and was
overcome as much as possible by avoiding dissections
near the primary tumor. Besides, injecting the tracer in
the submucosal layer seems more appropriate in case
of tumor invasion limited to the mucosa or submucosa.
However, it is shown that subserosal injection leads
to drainage of the tracer to the same lymph nodes
as submucosal injection, because of communication
through vertical connections of lymphatic vessels in the
[27]
gastric wall . These limitations could be overcome by
submucosal endoscopic administration of the lymphatic
tracer before surgery. One of the additional advantages
of this administration technique is that it allows visual
tumor demarcation during surgery through the stomach
wall, which assists in intraoperative tumor identification,
and determination of resection margins. Especially in
patients who experience good response on neoadjuvant
chemotherapy this could be of added value.
Another limitation of the current feasibility study
is that no true SLN procedure was performed, but
instead intraoperative detection of SLNs. However, all
fluorescent hotspots that were detected during surgery
were directly marked using sutures. After the surgical
procedure, they were mapped from the specimen for
pathological assessment. By doing this, the same LNs
were analyzed as if they would have been resected
directly during surgery, and feasibility of ICG:Nanocoll
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as lymphatic tracer could still be showed.
Finally, pathological assessment of the LNs consisted
of standard-of-care transection and hematoxylin and
eosin staining. Multiple transections and additional
keratin staining could possibly have resulted in the
detection of tumor-tissue in the SLNs of the 2 falsenegative patients, and thereby increasing accuracy rate.
However, small tumor deposits in the detected SLNs
were unlikely to be present as the tumor-positive LNs in
the specimen were completely effaced by tumor.
In conclusion, this is the first study using ICG
combined with nanocolloid as lymphatic tracer for the
detection of the SLN in gastric cancer patients by NIR
fluorescence imaging. In T1 and T2 gastric tumors,
an excellent accuracy was observed. Moreover, this
technique allowed identification of tumor-positive
lymph nodes outside the standard dissection planes.
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Background

Treatment of gastric cancer consists of surgical resection of the tumor and
identification and resection of potentially involved lymph nodes. The latter can
either be done by extensive lymphadenectomy or by a sentinel lymph node
(SLN) procedure. Identification of these lymph nodes can be challenging, and
assistance in identification of potentially involved lymph nodes could improve
gastric cancer treatment. Near-infrared (NIR) fluorescence imaging is an
innovative technique to visualize lymph nodes and lymphatic channels, and
could therefore improve identification of SLNs.

Research frontiers

NIR fluorescence imaging is gaining more and more scientific and clinical
attention worldwide, and physicians are exploring the possibilities and
capabilities of clinically available contrast agents like indocyanine green (ICG).
Optimizing optical and accuracy properties of lymphatic tracers, as performed
in the current study, can have major impact on its clinical relevance.

Innovations and breakthroughs

Several studies to date are reported on the use of ICG as fluorescent
tracer for identification of SLNs. However, the use of ICG alone resulted in
detection of more fluorescent lymph nodes per patient than expected due to
migration through the SLN to second tier nodes. Consequently, resection and
pathological assessment of multiple nodes was still needed. Adsorption of ICG
to a nanocolloid (ICG:Nanocoll) increases its hydrodynamic diameter, which
may result in better retention of the lymphatic tracer in the SLN, and thereby
staining less second-tier nodes. To the best of our knowledge, this is the first
study reported on the use of ICG:Nanocoll as lymphatic tracer in gastric cancer.

Applications

Gastric cancer is one of the most frequent causes of cancer deaths worldwide,
and optimizing its treatment can have major impact on patient outcome.
The described agents for NIR fluorescence imaging (ICG and Nanocoll) are
commercially available. Therefore this technique can be easily applied to the
treatment of gastric cancer.

Terminology

NIR fluorescence imaging is an optical imaging technique using light in the NIR
spectrum (700-900 nm). Indocyanine green is a cyanine dye with fluorescence
properties in the NIR spectrum.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of Shaoxing People’s
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AIM: To investigate the feasibility of a dual-input
two-compartment tracer kinetic model for evaluating
tumorous microvascular properties in advanced
hepatocellular carcinoma (HCC).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: From January 2014 to April 2015, we
prospectively measured and analyzed pharmacokinetic
parameters [transfer constant (K trans), plasma flow
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no conflict of interest.

WJG|www.wjgnet.com

3652

April 7, 2016|Volume 22|Issue 13|

Yang JF et al . Pharmacokinetic model of DCE-MRI in HCC

(Fp), permeability surface area product (PS), efflux
rate constant (kep), extravascular extracellular space
volume ratio (v e), blood plasma volume ratio (v p),
and hepatic perfusion index (HPI)] using dual-input
two-compartment tracer kinetic models [a dual-input
extended Tofts model and a dual-input 2-compartment
exchange model (2CXM)] in 28 consecutive HCC
patients. A well-known consensus that HCC is a
hypervascular tumor supplied by the hepatic artery
and the portal vein was used as a reference standard.
A paired Student’s t -test and a nonparametric paired
Wilcoxon rank sum test were used to compare the
equivalent pharmacokinetic parameters derived from
the two models, and Pearson correlation analysis
was also applied to observe the correlations among
all equivalent parameters. The tumor size and
pharmacokinetic parameters were tested by Pearson
correlation analysis, while correlations among stage,
tumor size and all pharmacokinetic parameters were
assessed by Spearman correlation analysis.

Core tip: dynamic contrast-enhanced magnetic resonance
imaging provides a more comprehensive assessment of
microvascular parameters in tumors; however, selection
of a pharmacokinetic model that takes into account actual
physiopathological status is an essential component
of evaluating tumor microvascular permeability and
perfusion. Here, we confirm that a dual-input twocompartment tracer kinetic model is suitable for
evaluating microvascular properties in advanced hepa
tocellular carcinoma.
Yang JF, Zhao ZH, Zhang Y, Zhao L, Yang LM, Zhang MM,
Wang BY, Wang T, Lu BC. Dual-input two-compartment
pharmacokinetic model of dynamic contrast-enhanced magnetic
resonance imaging in hepatocellular carcinoma. World J
Gastroenterol 2016; 22(13): 3652-3662 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i13/3652.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i13.3652

RESULTS: The Fp value was greater than the PS value
(Fp = 1.07 mL/mL per minute, PS = 0.19 mL/mL per
minute) in the dual-input 2CXM; HPI was 0.66 and 0.63
in the dual-input extended Tofts model and the dualinput 2CXM, respectively. There were no significant
differences in the kep, vp, or HPI between the dual-input
extended Tofts model and the dual-input 2CXM (P =
0.524, 0.569, and 0.622, respectively). All equivalent
pharmacokinetic parameters, except for v e , were
correlated in the two dual-input two-compartment
pharmacokinetic models; both Fp and PS in the dualinput 2CXM were correlated with Ktrans derived from the
dual-input extended Tofts model (P = 0.002, r = 0.566;
P = 0.002, r = 0.570); kep, vp, and HPI between the two
kinetic models were positively correlated (P = 0.001, r
= 0.594; P = 0.0001, r = 0.686; P = 0.04, r = 0.391,
respectively). In the dual input extended Tofts model,
ve was significantly less than that in the dual input
2CXM (P = 0.004), and no significant correlation was
seen between the two tracer kinetic models (P = 0.156,
r = 0.276). Neither tumor size nor tumor stage was
significantly correlated with any of the pharmacokinetic
parameters obtained from the two models (P > 0.05).

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common primary malignant tumors and the second
[1]
leading cause of cancer-related deaths worldwide .
Some patients present with advanced disease at the
time of diagnosis and are treated with moleculartargeted treatment, transarterial chemoembolization
[2]
(TACE), and radiofrequency ablation against HCC .
Assessing the therapeutic efficacy of these the
rapy modalities is closely related to the tumorous
microvasculature properties that are linked to the
[3]
angiogenic potential of the tumor . A tracer kinetic
model of T1-weighted dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) has sig
nificant potential to obtain information about the
tumor microvascular properties by estimating the
pharmacokinetic parameters of the microvascular
[4]
perfusion and permeability . Some studies have
shown the value of assessing microvascular properties
in monitoring the effects of interventional therapy
or antiangiogenic drug treatment of HCC, as well as
metastases in the liver, by using single-input singlecompartment or two-compartment tracer kinetic models
[3,5-8]
to evaluate tumor pharmacokinetic parameters
.
According to the dynamic distribution of the
contrast agent, a well-mixed space of contrast agent
is deﬁned as a compartment where the contrast
[9,10]
agent concentration is spatially uniform
. The
tracer compartment model is divided into a singlecompartment model such as the Tofts model, which
assumes that the contrast agent is confined to only
one compartment (i.e., vascular space), and twocompartment models such as the extended Tofts
model and the exchange model, in which the contrast

CONCLUSION: A dual-input two-compartment pharma
cokinetic model (a dual-input extended Tofts model
and a dual-input 2CXM) can be used in assessing the
microvascular physiopathological properties before the
treatment of advanced HCC. The dual-input extended
Tofts model may be more stable in measuring the ve;
however, the dual-input 2CXM may be more detailed and
accurate in measuring microvascular permeability.
Key words: Hepatocellular carcinoma; dynamic contrastenhanced magnetic resonance imaging; Pharmacokinetics
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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agent transits vascular space to the interstitial
[9]
space . The tissue under investigation and its un
derlying microvascular physiology, as well as the
temporal resolution and spatial resolution of scanning
MRI, are important factors that led us to select a
tracer kinetic model. The parenchyma in most tumors
consists of two compartments [tumorous intravascular
space and extravascular extracellular space (EES)];
thus, a two-compartmental kinetic model may provide
[11]
a better reflection of the microcirculation of tumor .
Moreover, HCC is supplied by both the portal vein
and the hepatic artery in different proportions at
[12]
various stages . Therefore, we hypothesized that a
dual-input two-compartment model may accurately
evaluate the pharmacokinetic parameters in advanced
HCC.
To date, microvascular property assessment by
dual-input two-compartment tracer kinetic model
with commonly used extracellular gadoliniun contrast
agent has not been reported in HCC in a clinical
practice setting. Hence, the aim of this study was
to prospectively explore whether a dual-input twocompartment tracer kinetic model could evaluate the
tumorous microvascular properties in advanced HCC
by analyzing perfusion and permeability parameters
derived from a dual-input extended Tofts model and a
dual-input 2CXM.

Table 1 Inclusion and exclusion criteria of the enrolled
patients
Eligibility criteria
Histopathology confirmed

Non-invasive diagnosis criteria
[(EASL) 2012]1
Cirrhotic patients
Hypervascular in the arterial phase
Washout in the portal venous or
delayed phase
Non-antineoplaston therapy
Severe motion artifacts on MRI
images
The largest diameter of lesion ≥ 2
Hepatic vein/portal cancer
cm
embolus
Age of patients ≥ 18 yr
Inferior vena cava embolus
Inability of informed written
consent
1

European Association for the Study of the Liver suggested non-invasive
diagnosis criteria on 4-phase multidetector CT scan[13]. EASL: European
Association for the Study of the Liver; MRI: magnetic resonance imaging.

echoplanar images (TR/TE, 7400/73; slice thickness,
6 mm; interslice gap, 1.2 mm; b value = 0 s/mm²,
600 s/mm²; matrix, 99 × 146; received bandwidth,
1802 kHz). Multi-flip angle T1 Mapping and DCE T1weighted three-dimensional volume interpolated
excitation (VIBE) fat-suppression sequence with
breath-free (TR/TE, 3.5/1.17 msec; slice thickness,
5 mm; interslice gap, 1 mm; matrix, 288 × 164;
field of view, 350 × 284 mm; scan slices were 30 in
unenhanced T1WI and enhanced TIWI; flip angle were
5°, 10°, 15° in unenhanced TIWI, flip angle was 10°
in enhanced TIWI; temporal resolution, 6 s) were also
obtained. DCE-MR imaging data were acquired after
a 5-s delay subsequent to the injection of contrast
medium through a 20-guage peripheral intravenous
line in the medial cubital vein (0.1 mmol/kg body
weight of Gadodiamide contrast medium; Omniscan,
GE Medical Systems, Amersham, Ireland) at 3.5 mL/s,
followed by a saline chase of 20 mL at a rate of 2 mL/s.
DCE-MR imaging included 35 acquiring phases and
lasted for 227.5 s.

MATERIALS AND METHODS
Patient population

This study was approved by the local Institutional
Review Board, and informed consent was obtained
from all patients. From January 2014 to April 2015,
42 patients with HCC were recruited, all of whom
did not receive any antineoplastic treatment before
their MRI scan. The inclusion and exclusion criteria
are listed in Table 1. We staged Barcelxona-Clínic
Liver Cancer classiﬁcation (BCLC) for all enrolled HCC
patients according to the criteria of the 2012 European
[13]
Association for the Study of the Liver (EASL) .
Because microvascular physiologic parameters in
tumors are functional biomarkers that could not be
measured from the pathological sample in vitro, we
looked to a well-known consensus as a reference
standard that HCC is a hypervascular tumor supplied
by both the portal vein and the hepatic artery in
different proportions.

Model design

In this study, a dual-input two-compartment tracer
kinetic model was utilized to analyze the perfusion and
permeability of tumorous vascularity in HCC. This type
of model accounts for the hepatic artery and portal
vein input to the HCC and assumes contrast agent in
two compartments (tumorous intravascular space and
EES). We applied the hepatic perfusion index (HPI) to
observe the contribution of arterial flow to the tumor.
The tissue that the blood vessels containing contrast
agent supply can be measured by Vascular Input
Function (VIF) in both the hepatic artery and the portal
vein. The definitions of all symbols are listed in Table 2.
The tracer in intravascular space is able to diffuse to
the EES through the capillary walls, and Ktrans denotes

MRI technique

An MRI scan of the whole liver was performed using
a 12-channel phased array body coil on the 3.0-T
MRI system (Magnetom Verio, Siemens, Erlangen,
Germany) with Syngo 2009B software. The scan
protocol consisted of transverse T2-weighted turbo
spin-echo images (TR/TE, 1370/81; slice thickness, 6
mm; interslice gap, 1.2 mm；matrix size, 207 × 320;
received bandwidth, 220 kHz) and diffusion weighted

WJG|www.wjgnet.com
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Significant renal insufficiency
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A

Table 2 Summary of parameter terms used in the dual-input
extended Tofts model and 2-compartment exchange model
Symbol
Ctiss(t)
CA(t)
Cv(t)
Fa
HLV
HPI
Fp
vp
ve
kep
Ktrans
PS
⊗

Deﬁnition

Unit

Concentration of tracer in the tissue
mmol/l
Concentration of tracer in whole blood in
mmol/l
a major feeding artery
Concentration of tracer in the portal vein
mmol/l
Arterial fraction of the tissue perfusion
%
Hematocrit in major (large) vessels
none
Hepatic perfusion index
none
Flow rate of the blood plasma through mL/mL per minute
the intravascular plasma space
Ratio of blood plasma volume to tissue
%
volume
Ratio of EES volume to tissue volume
%
Efflux rate constant
min-1
Transfer constant
min-1
Endothelial permeability surface area
mL/mL per minute
product
Convolution operator
none

B

EES: extravascular extracellular space.

the tracer transfer constant between blood and EES,
which combined the plasma flow (Fp) and the capillary
permeability-surface area product (PS). The efflux rate
constant (kep) is the ratio of the transfer constant from
EES to blood plasma. vp and ve are the volume fraction
[14]
in the vascular space and EES, respectively .
An extended Tofts model evaluates Ktrans, ve, vp,
[14]
and kep . This model assumes that a neglect of
plasma mean transit time results in a situation where
the concentration of contrast agent within the plasma
compartment is equal to the concentration in the
[15]
supplying artery ; therefore, the concentration of
contrast agent in the tissue, Ctiss(t) in this model, can
be written as follows:
Ctiss(t) = vpCA(t)/(1-HLV) + KtransCA(t)/(1-HLV)⊗
exp(-kept)
(Eq. 1A)
The equation (Eq. 1A) is the formulation of a
single-input extended Tofts model; thus, we insert a
dual inlet equation (Eq. 2) to produce the equation of
the dual-input extended Tofts model (Eq. 1B).
CA(t)→faCA(t) + (1-fa)Cv(t)
(Eq. 2)
Ctiss(t) = vp[faCA(t) + (1-fa)Cv(t)]/(1 - HLV) +
Ktrans[faCA(t) + (1-fa)Cv(t)]/(1 - HLV)⊗exp(-kept)
(Eq. 1B)
The 2CXM is the most common exchange model
and can separately evaluate Fp and PS, in addition
[10,14]
to Vp, Ve, and Kep
. As for a single-input 2CXM,
the concentration of the contrast agent in the tissue,
Ctiss(t), can be written as follows:
Ctiss(t) = FpCA(t)/(1 - HLV)⊗A.exp(-αt) + (1-A).
exp(-βt)
(Eq. 3A)
We also insert a dual-inlet equation (Eq. 2) into the
equation (Eq. 3A) to obtain the final equation of the
dual-input 2CXM as follows:
Ctiss(t) = Fp[faCA(t) + (1 - fa)Cv(t)]/(1 - HLV⊗
A.exp(-αt) + (1 - A).exp(-βt)
(Eq. 3B)

WJG|www.wjgnet.com

Figure 1 concentration-time curve of the portal vein was an inferior
fit (arrow) compared to that of the abdominal aorta without non-rigid
registration (A); however, the concentration-time curve of the portal vein
was a better fit after non-rigid registration (B).

where A, α, and β can be obtained from the model
parameters vp, ve, and PS, respectively:
A = PS/vp; α = PS/ve; β = Fp/vp

Data postprocessing and analysis

Because there were more than 2 lesions of HCC in the
liver in some patients, we measured the one with the
largest diameter and also measured the mass volume.
Each data set was measured by the same radiologist
(who has 17 years of abdominal diagnosis experience),
who kept the approach consistent at each time point
of the procedure. All data were postprocessed using
Omni Kinetics software (GE Healthcare, China).
After data loading, we registered all acquired data
using 3D non-rigid registration to relieve the motion
artifact caused by breath and heart beating (Figure
1); then, we extracted an average signal-time course
of the tumor and converted the signal-time curve to
a concentration-time curve. The signal intensity of all
pixels in the image was converted to contrast agent
concentration using the precontrast T1 value of 1600
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Pearson correlation analysis was also performed to
analyze the correlation between all parameters. A
p-value < 0.05 was considered statistically significant.
The statistical methods of this study were reviewed
by Hai-yang Xing from Shaoxing University.

RESULTS
In this prospective study, 42 HCC patients based
on pathological diagnosis and non-invasive criteria
underwent T1WI DCE-MRI. However, 14 patients were
excluded because of portal or hepatic vein/inferior
vena cava embolus (6 patients), severe motion
artifacts (4 patients), MRI examination failure because
of claustrophobia (1 patient), or different contrast
agent injection rates (3 patients). In total, 28 patients
were enrolled. Patients’ demographic characteristics,
tumor volume and the tumor stage are shown in Table
3. A significant correlation was found between tumor
size and stage (p = 0.013, r = 0.463). Neither tumor
size nor tumor stage significantly correlated with any
of the pharmacokinetic parameters obtained in any of
the models.
DCE-MRI microvascular physiopathological parameters
obtained with the dual-input two-compartment tracer
kinetic model are shown in Table 4. There were no
significant differences in the kep, vp, or HPI between the
dual-input extended Tofts model and the dual-input
2CXM (p = 0.524, p = 0.569, p = 0.622, respectively).
Except for v e , all equivalent pharmacokinetic
parameters derived from the two tracer kinetic models
are correlated: both Fp and PS in the dual-input 2CXM
are correlated with Ktrans in the dual-input extended
Tofts model (p =0.002, r = 0.566; p =0.002, r = 0.570,
respectively; Figure 4); kep, vp, and HPI were positively
correlated (p = 0.001, r = 0.594; p = 0.0001, r =
0.686; p = 0.04, r = 0.391, respectively; Figures 5-7).
ve was significantly less in the dual-input extended
Tofts model than in the dual-input 2CXM (p = 0.004),
and there was no significant correlation between the
two proposed tracer kinetics models (p = 0.156, r =
0.276; Table 4, Figure 8). The value of Fp was larger
than that of PS in the dual-input 2CXM (Fp = 1.07 mL/
mL per minute, PS = 0.19 mL/mL per minute); Ktrans
derived from the dual-input extended Tofts model
-1
was 0.29 min ; HPI was 0.66 and 0.63 in the dualinput extended Tofts model and the dual-input 2CXM,
respectively (Table 4).

Figure 2 ROI 1 was placed on the abdominal aorta near the entrance of
the celiac trunk, replacing the hepatic artery, and ROI 2 was placed on
the portal vein as a dual input model to fit the vascular input function; the
concentration-time curve maps of the ROI 1 and ROI 2 are shown to the
right.

ms for blood and 1580 ms for tissue, and an assumed
hematocrit of 0.42 was used to convert from whole
blood concentration to plasma concentration for all
patients. Before calculating the pharmacokinetic
parameters, we drew the ROI on both the portal vein
and the hepatic artery, which was replaced by the
abdominal aorta near the entrance of celiac trunk as a
dual-input model to fit the VIF (Figure 2). The size and
location of the ROI drawn on the lesion in the same
patient are consentaneous in both models. We drew
the ROI (by hand) on the parenchyma of the HCC
at its largest diameter on the T1WI images in each
patient, avoiding necrosis, hemorrhage, steatosis, and
peripheral blood vessels, and then, we used the dualinput extended Tofts model and the dual-input 2CXM,
respectively, to fit the data and calculate tumorous
perfusion and permeability parameters: Ktrans in the
dual-input extended Tofts model, Fp and PS in the dualinput 2CXM, and vp, ve, kep, and HPI in both models
(Figure 3). All measurements were performed three
times, and the mean value is presented.

Statistical analysis

Statistical analyses were performed with the SPSS
statistical software package (version 19.0; SPSS
Inc, Chicago, IL, United States). Tumor size and
pharmacokinetic parameters were assessed by Pearson
correlation analysis. Correlation between stage, tumor
size and all pharmacokinetic parameters was assessed
by Spearman correlation analysis. We compared all
equivalent parameters obtained from the dual-input
extended Tofts model and dual-input 2CXM using
a paired Student’s t-test or a nonparametric paired
Wilcoxon rank sum test for non-normal distribution
data to confirm the consistency of these two models.
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DISCUSSION
In recent decades, non-surgical therapies, such as
antiangiogenic targeted drugs, radiofrequency ablation,
and TACE, play an important role in the HCC therapy
regime, and the therapeutic efficacy evaluation of
these therapy methods has become an important
issue. Response Evaluation Criteria In Solid Tumors
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Figure 3 lesion of the hepatocellular carcinoma in a 68-year-old man on dynamic contrast-enhanced T1WI (a); pharmacokinetic parameter map (Ktrans, kep,
ve, vp, and hepatic perfusion index) derived from the dual-input extended Tofts model (B-F), and the pharmacokinetic parameter maps (Fp, PS, kep, ve, vp,
and hepatic perfusion index) derived from the dual-input 2-compartment exchange model (G-L).

(RECIST) or modified RECIST (mRECIST) are common
criteria in evaluating a therapeutic effect. Specifically,
mRECIST takes into account the contrast enhancement
in the arterial phase to evaluate the viable tumor
[16,17]
component
. These modified evaluation criteria
imply that the assessment of tumor vascular properties
not only contributes to HCC diagnosis but also is helpful
in evaluating the therapeutic efficacy of treatments
for this tumor. Recently, research has suggested that
DCE-MRI allows the quantitative measurement of

WJG|www.wjgnet.com

pharmacokinetic parameters related to perfusion and
permeability and provides a more comprehensive
[7]
assessment of a tumor’s physiologic properties .
However, finding a suitable tracer kinetic model that
takes into account the actual physiopathological status
to evaluate the tumor microvascular parameters under
the condition of sufficient MRI temporal resolution and
spatial resolution is critical.
Several studies have assessed the microvascular
properties of HCC using single-input, single-compart

3657

April 7, 2016|Volume 22|Issue 13|

Yang JF et al . Pharmacokinetic model of DCE-MRI in HCC
is approximately equal to PS; and under mixed flow
and permeability limited conditions, Ktrans is the product
[21]
(EFp) of the initial extraction fraction (E) and Fp .
[21]
[22]
Tofts et al
and Bergamino et al
noted that the
extended Tofts model provides accurate permeability
values for only tissues that are weakly vascularized
or highly perfused with a relatively high Fp. Our study
results show that Fp is greater than PS in the dualinput 2CXM, and the value of Ktrans in the dual-input
extended Tofts model is close to that of PS. Moreover,
both Fp and PS are correlated with Ktrans. These findings
are consistent with the second interpretation of the
relationship among Ktrans, Fp, and PS proposed by Tofts
[21]
et al
and demonstrate that the dual-input twocompartment tracer kinetic model conforms to the
physiologic properties in cases of HCC (high perfusion
with relative high Fp) and could be applied to evaluate
the perfusion and permeability of pre-therapeutic HCC.
However, the most important role of quantitative
DCE-MRI is the assessment of treatment efficacy in
advanced HCC after non-surgical methods. These
treatments may not produce a change in Ktrans because
Fp and PS may change in opposite directions. On the
other hand, Fp and PS may be changed in varying
proportions. In these types of situations, it is important
to understand which part of the vasculature is affected
by the treatment. The dual-input 2CXM is able to
provide a separate evaluation of PS and Fp, while the
extended Tofts model only provides an assessment
of Ktrans, which reflects a combination of these two
parameters; therefore, the dual-input 2CXM may
have an advantage over the dual-input extended Tofts
model.
kep is the reflux ratio of the transfer constant
between EES and blood plasma. The amounts of kep in
the two models are much larger than the Ktrans or PS in
our study, which also shows no significant difference
but certain correlation between the two models with
respect to this parameter. As a hypervascular tumor,
the contrast agent in the tumor vasculature leaks
into EES, and, with the hemodynamics progress, the
contrast agent concentration in the EES increases
but the tracer in the tumor vasculature decreases
because the tracer is not only leaking into EES but also
being eliminated from the plasma, which may cause
a relative larger kep. Like Ktrans, kep is an important
predictable biomarker, and research has shown that
a decrease in kep is correlated with favorable clinical
[8]
outcomes after antiangiogenic drug treatment .
Theoretically, hypervascular tumors are usually
composed of a larger vascular space (vp) relative
to the interstitial space (ve) and show a pattern of
rapid arterial enhancement followed by washout,
whereas a hypovascular tumor usually consists of
a larger ve relative to the vp and shows progressive
[10]
enhancement . However, our study shows that
median ve is far greater than vp in both the extended
Tofts model and the 2CXM model. This result seems

Table 3 Patients’ demographic characteristics, tumor volume,
and tumor stage
Age (yr)

Gender

64.857 ± 10.384 Female 5
Male 23

Diagnosis criteria Size (cm³) Stage (BCLC)
Confirmed by
histology 8
Diagnosed by
EASL 20

409.588

1

A2 (2)
A3 (3)
A4 (1)
B (11)
C (11)

1

Barcelona-Clínic Liver Cancer classiﬁcation[13]. EASL: European Association
for the Study of the Liver.

ment or two-compartment tracer kinetic models in
monitoring the therapeutic response to interventio
[7,8,18]
nal therapy or antiangiogenic drug treatment
.
[11]
[12]
However, according to Thng et al and Van et al , the
parenchyma in HCC consists of the vascular space and
the interstitial space and is supplied by both the portal
vein and the hepatic artery in different proportions.
We assume that the dual-input two-compartment
tracer kinetic model may be suitable for evaluating the
microvascular properties of HCC under the conditions of
a high field strength MR machine. The purpose of this
prospective study was to investigate the feasibility of a
dual-input extended Tofts model and a dual-input 2CXM
for evaluating microvasculature properties in advanced
HCC.
The liver is a hypervascular organ supplied by the
[19]
portal vein (75%) and the hepatic artery (25%) .
However, neovascularization in HCC is predominantly
supplied by the hepatic artery, but it is supplemented
[20]
by the portal vein . HPI describes the relative
contribution of arterial vs portovenous flow to the total
liver perfusion, which is a semi-quantitative descriptor
[11]
of liver vascularity . In this study, we applied this
perfusion parameter to observe the contribution
of arterial flow to the HCC in order to verify the
assumption that a dual-input model is appropriate in
evaluating the pharmacokinetic parameters in most
cases of HCC. Our study shows that HPI was 0.66 and
0.63 in the dual-input extended Tofts model and dualinput 2CXM, respectively. This finding is consistent with
the assumption that a dual input is a realistic blood
supply model in most cases of HCC and also shows
that hepatic artery blood flow accounts for the majority
but not all of total blood flow to advanced HCC.
Ktrans is an important pharmacokinetic parameter
to assess vascular permeability and therapeutic
effects after non-operation treatment in HCC. Previous
studies have suggested that a larger drop of Ktrans
is correlated with favorable clinical outcomes after
[7,8]
sunitinib or Floxuridine therapy . Depending on the
balance between PS and Fp in the tissue of interest,
Ktrans has three physiologic interpretations: in a high
PS status (PS >> Fp), Ktrans is approximately equal to
Fp; conversely, in high Fp situations (Fp >> PS), Ktrans
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Table 4 Comparison of tumor dynamic contrast-enhanced-magnetic resonance imaging pharmacokinetic parameters from 28
scanned patients using two models [Median (IQR)]
-1

Dual-Input Extended Tofts model
Dual-Input Exchange model
Z/t value
P value

-1

-1

-1

ktrans (min )

PS (mL/mL ・min )

Fp (mL/mL ・min )

kep (min )

ve

vp

HPI

0.29 ± 0.38
na
na

0.19 ± 0.36
na
na

1.07 ± 1.73
na
na

1.35 ± 1.42
0.95 ± 1.60
-0.638
0.524

0.51 ± 1.16
1.22 ± 1.19
-2.869
0.004

0.12 ± 0.21
0.14 ± 0.17
-0.568
0.569

0.66 ± 0.24
0.63 ± 0.29
0.4991
0.6221

1

A

3.5

B

3.0

2 Compartment exchange model (Fp)
(mL/mL per minute)

3.0

2 Compartment exchange model (PS)
(mL/mL per minute)

Paired t-test. na: Not available; HPI: hepatic perfusion index.

2.5

2.5
2.0

y = 0.131x + 0.918
r = 0.566
P = 0.002

1.5
1.0
0.5
0.0
0.0

0.2

0.4
0.6
0.8
1.0
1.2
1.4
-1
Extended tofts model (Ktrans) (min )

1.6

2.0
1.5
1.0
0.5
0.0
0.0

1.8

y = 0.950x + 0.066
r = 0.570
P = 0.002

0.2

0.4
0.6
0.8
1.0
1.2
1.4
-1
Extended tofts model (Ktrans) (min )

1.6

1.8

Figure 4 Scatterplots showing the correlation between Ktrans (min-1) obtained with the extended Tofts model and Fp (A) and PS (B) obtained with the
2-compartment exchange model.

contradictory. The possible reasons for this result
are that high blood flow in tumor vasculature results
in great hydrodynamic pressure, the contrast
agent enters into EES, and the available amount of
extracellular space for this tracer to leak into increases;
meanwhile, HCC, as a malignant tumor, usually
contains a relatively larger EES. An additional reason
may be the technology field. One animal DCE-MRI
study assessing rat HCC shows that ve is significantly
larger than vp in the extended Tofts model (also called
the extended Kety model). The authors believe that
kep and the sum of vp and ve are relatively invariant,
and the underestimation of vp leads to overestimations
of ve which are most severe in the Tofts (Kety) model
[23]
because vp is not considered in that model . However,
more studies are needed to elucidate the relationship
between ve and vp.
In this study, ve is significantly larger in the 2CXM
than in the extended Tofts model, with no correlation
between the two models. We believed that the
relatively lower temporal resolution applied in the
2CXM may have caused this outcome. The 2CXM is
more complicated and requires a higher temporal
[22]
resolution than the extended Tofts model . We
acquired data for the 2CXM and the extended Tofts
model using the same temporal resolution (6 second),
which may have caused the ve derived from the 2CXM
to be overestimated.

WJG|www.wjgnet.com

There is no significant correlation between tumor
size and stage and the microvascular perfusion and
permeability in HCC. We believe the main reason for
this result is the component we selected to measure
the microvascular properties in HCC because we avoid
the necrosis, hemorrhage, and adipose degeneration in
the tumors, and these pathologic changes are usually
relative to the tumor size and stage.
Some limitations of our study should be noted.
First, no standard reference was used for any of
the parameters. The perfusion and permeability
parameters are functional biomarkers, and these
parameters could not be measured from the
pathological sample in vitro. We unavoidably used
a well-known consensus as a reference standard
that advanced HCC is supplied by the hepatic artery
and portal vein with relatively high perfusion. We
did not obtain histopathologic confirmation in the
18 HCC patients diagnosed by EASL criteria, as
we did not know the grade of the tumor and the
degree of cirrhosis around the mass. HCC grade may
have influenced the parameters of perfusion and
permeability. To date, most research related to HCC
has not mentioned the relationship between the grade
and the microvascular properties, and we believe it
is worthy of future study. Second, the sample size is
relatively small, and the relationship between ve and vp
must be further validated in larger prospective studies.
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9.0

7.0

y = 1.180x - 0.092
r = 0.594
P = 0.001

2 Compartment exchange model (HPI)

2 Compartment exchange model
-1
(Kep) (min )

8.0

1.2

6.0
5.0
4.0
3.0
2.0
1.0
0.0
0.0

0.5

1.0
1.5
2.0
2.5
3.0
-1
Extended tofts model (Kep) (min )

3.5

1.0
0.8
0.6
0.4
0.2
0.0
0.0

4.0

Figure 5 Scatterplot showing the significant correlation of Kep estimated
with the extended Tofts model and the 2-compartment exchange model.

y = 0.466x + 0.323
r = 0.391
P = 0.040

0.2

0.4
0.6
0.8
Extended tofts model (HPI)

1.0

1.2

Figure 7 Scatterplot showing the correlation of hepatic perfusion
index estimated with the extended Tofts model and the 2-compartment
exchange model.

0.8
0.7

4.0

y = 0.559x + 0.057
r = 0.686
P < 0.0001

2 Compartment exchange model (Ve)

2 Compartment exchange model (Vp)
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0.6
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0.4
0.3
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0.0
0.0
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Extended tofts model (Vp)
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Figure 8 Scatterplot showing that ve is not correlated in the extended
Tofts model and the 2-compartment exchange model.

In addition, the temporal resolution of the acquired
image data in this study is 6 s. This resolution may not
be high enough for the 2CXM model to measure the
tumor interstitial parameter ve. Finally, patients were
instructed to freely breathe during imaging acquisition;
this operation method and the patients’ heart beat
may together result in movement artifacts. We used
non-rigid registration as much as possible to diminish
the influence of imaging quality caused by movement
artifacts.
In conclusion, all of the results derived from this
prospective study indicate that the dual-input twocompartment tracer kinetic model could reflect the
microvascular properties before the treatment of
advanced HCC. Additionally, the dual-input extended
Tofts model is more stable in measuring the ve due
to the suitable temporal resolution. Considering
the therapeutic efficacy assessment of HCC treated
by the antiangiogenic targeted drug, TACE, and

WJG|www.wjgnet.com

3.0

0.0
0.0

Figure 6 Scatterplot showing that vp values are correlated between the
extended Tofts model and the 2-compartment exchange model.

y = 0.404x + 0.991
r = 0.276
P = 0.156

3.5

radiofrequency ablation, the dual-input 2CXM may
be more detailed and accurate than the dual-input
extended Tofts model because the dual-input 2CXM
can separately evaluate Fp and PS. This function
is especially important if Fp and PS may change
in opposite directions because Ktrans cannot reflect
this change in the extended Tofts model. However,
this assumption needs to be adequately verified by
comparing microvasculature parameters derived from
the two tracer kinetic models in advanced HCC after
antiangiogenic-targeted drug treatment or TACE and is
also one of the major purposes of our next study.
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Abstract

Institutional review board statement: The study was
reviewed and approved by the First Affiliated Hospital of
Zhejiang University Institutional Review Board.

AIM: To investigate the prevalence of and risk factors
for non-alcoholic fatty liver disease (NAFLD) in a
Chinese population.

Informed consent statement: All the participants signed the
informed consent statement

METHODS: A total of 1948 adults from China was
followed for 8 years. A cross-sectional study was
performed to investigate the prevalence of NAFLD at
baseline, and then the participants were followed for 8
years to investigate risk factors for the development of
NAFLD.

Conflict-of-interest statement: All the authors declare there is
no competing interest.
Data sharing statement: Technical appendix, statistical code,
and dataset related to this manuscript are available from the
corresponding author at xinhua_chen@zju.edu.cn. Participants
agree to share data on signing the informed consent.

RESULTS: A total of 1948 participants were enrolled
at baseline, of whom 691 were diagnosed with NAFLD.
During the 8-year follow-up, 337 baseline NAFLD-free
participants developed NAFLD. They had a greater
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been projected that NAFLD will be the most rapidly
growing indication for liver transplantation in the next
[15]
decades . In addition, NAFLD is a well-known risk
factor for cardiovascular disease, type 2 diabetes and
[16-18]
metabolic syndrome
.
This report consists of two studies of the same
population of adult urban subjects. A total of 1948
adults from Zhejiang, China was followed for 8 years.
A cross-sectional study was performed to investigate
the prevalence and correlative factors of NAFLD and
the risk factors for the development of NAFLD after a
prospective 8-year follow-up was performed.

increase in body mass index (BMI), serum uric acid,
fasting plasma glucose, very low-density lipoprotein
cholesterol and a considerable decrease in high-density
lipoprotein cholesterol. 123 participants who had NAFLD
at baseline lost NAFLD during the 8-year follow-up period.
They had a greater decrease in BMI, fasting plasma
glucose, triglycerides, total cholesterol, low-density lipo
protein cholesterol, alanine aminotransferase, aspartate
aminotransferase, and γ-glutamyl transpeptidase.
CONCLUSION: NAFLD is prevalent in Chinese popu
lation with a rapidly increasing tendency. It can be
reversed when patients lose their weight, control their
hyperlipidemia and hyperglycemia, and reduce the liver
enzyme levels.

MATERIALS AND METHODS
Study population

Key words: Non-alcoholic fatty liver disease; Follow-up;
Prevalence; Risk factors

This study was performed among adults who
underwent routine health examinations at the First
Affiliated Hospital, College of Medicine, Zhejiang
University between 2006 and 2014. Subjects were
excluded if they fulfilled one of the following criteria in
8 years: (1) excess alcohol consumption (men > 140
g/wk, women > 70 g/d); (2) presence of markers of
hepatitis B virus infection (hepatitis B surface antigen)
and hepatitis C virus infection (anti-hepatitis C virus
antibodies); (3) a history of autoimmune hepatitis
(e.g., autoimmune hepatitis, primary biliary cirrhosis)
or other chronic liver disease with clear causes; and
(4) absence of uncontrolled biliary diseases (e.g., bile
ductal stone, stenosis, biliary dilatation). A total of
1948 adults above 20 years old were included in the
final analysis. The study was approved by the Ethics
Committee of the First Affiliated Hospital of Zhejiang
University.

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

Core tip: This study followed a large sample (n =
1928) for a long term (time = 8 years) to observe
the development of non-alcoholic fatty liver disease
due to the lifestyle and nutrition changes in a Chinese
population.
Lu ZY, Shao Z, Li YL, Wulasihan M, Chen XH. Prevalence
of and risk factors for non-alcoholic fatty liver disease in
a Chinese population: An 8-year follow-up study. World J
Gastroenterol 2016; 22(13): 3663-3669 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i13/3663.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i13.3663

Baseline examinations

Body weight and standing height were measured
to calculate body mass index (BMI). Systolic blood
pressure (SBP) and diastolic blood pressure (DBP)
were recorded with an automated sphygmomanometer
as the subjects sitting calmly. Approximately 10
mL venous blood samples were collected from all
subjects following a 12 h overnight-fast. Hemoglobin
(Hb), platelet (PLT), white blood cell (WBC), serum
uric acid (SUA), fasting plasma glucose (FPG),
triglycerides (TG), total cholesterol (TC), low-density
lipoprotein (LDL) cholesterol, very low-density
lipoprotein (VLDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and gammaglutamyl transpeptidase (γ-GT) were measured with
an automatic biochemistry analyzer (Beckman Coulter
Inc., CA) using standard methods.
NAFLD was diagnosed based on the ultrasonic
[2]
criteria suggested by the Chinese Medical Association .
The criteria are described as the following items: (1)
diffuse enhancement of near field echo in the hepatic

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) refers to
hepatic steatosis accounting for over 5% of the total
weight of the liver, which is not caused by excessive
consumption of alcohol (women ≤ 70 g/wk, men
[1,2]
≤ 140 g/wk)
. NAFLD is seen worldwide and it is
considered the most common chronic liver disease
in Western countries, with a prevalence ranging from
[3,4]
17% and 46% in the general population . It has also
become prevalent in China with the rapid economic
[5-8]
development
. Although NAFLD is not a severe
disease, it is among the causes of fatty liver and one of
[9]
the leading etiologies of chronic liver diseases . NFLD
includes a wide clinical and histological spectrum,
such as simple steatosis, steatohepatitis, fibrosis,
[10]
and cirrhosis . Simple steatosis is considered a
benign condition, while non-alcoholic steatohepatitis
progresses to advanced fibrosis or cirrhosis in nearly
30% of cases, and may lead to end-stage liver
[9,11-14]
disease and hepatocellular carcinoma
. It has
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Female

80

Table 1 Baseline characteristics of the subjects with and
without non-alcoholic fatty liver disease

Male

t value

P value

43.38 (0.42)
598/93

40.14 (0.35)
685/572

5.944
203.663

< 0.001
< 0.001

25.69 (0.09)
128.62 (0.6)
79.73 (0.36)
151.3 (0.46)
209.44 (2.12)
6.48 (0.06)
367.92 (3.45)
5.01 (0.05)
2.47 (0.07)
4.94 (0.03)
2.35 (0.03)
1.41 (0.03)
1.16 (0.01)
36.24 (0.9)
27.21 (0.43)
49.97 (1.51)

21.83 (0.07)
117.49 (0.43)
72.71 (0.27)
141.62 (0.41)
206.1 (1.5)
5.91 (0.04)
291.89 (2.32)
4.59 (0.02)
1.3 (0.03)
4.6 (0.02)
2.16 (0.03)
1.01 (0.02)
1.44 (0.01)
19.75 (0.41)
22.1 (0.25)
25.56 (0.99)

33.044
15.253
15.608
15.679
1.299
8.294
18.742
8.019
15.096
8.128
4.487
10.996
-20.396
16.649
10.200
13.512

< 0.001
< 0.001
< 0.001
< 0.001
0.194
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

NAFLD

Age (yr)
Gender, male/
female (n)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
Hb (g/L)
PLT (× 109/L)
WBC (× 109/L)
SUA (μmol/L)
FPG (mmol/L)
TG (mmol/L)
TC (mmol/L)
LDL (mmol/L)
VLDL (mmol/L)
HLDL (mmol/L)
ALT (U/L)
AST (U/L)
g-GT (U/L)

Percentage

60
Non-NAFLD

Variable

20
0

< 20

20-29 30-39 40-49 50-59 60-69 ≥ 70 Total
Age

Figure 1 Age and sex distribution of overall non-alcoholic fatty liver
disease prevalence. The overall non-alcoholic fatty liver disease prevalence is
presented by the distribution according to age and sex.

gorical variables were compared using Pearson’s chi2
squared (χ ) test or Fisher’s exact test. Stepwise
Binary logistic regression (Forward: Wald; Entry:
0.05, Removal: 0.10) was used to analyse the risk
factors associated with the presence of NAFLD. A P
value < 0.05 (two-tailed) was considered statistically
significant.

NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; Hb: Hemoglobin;
PLT: Platelet; WBC: White blood cell; SUA: Serum uric acid; FPG: Fasting
plasma glucose; TG: Triglycerides; TC: Total cholesterol; LDL: Lowdensity lipoprotein; VLDL: Very low-density lipoprotein; HDL: Highdensity lipoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; γ-GT: Gamma-glutamyl transpeptidase.

RESULTS
Prevalence and clinical characteristics of NAFLD

A total of 1948 adult subjects were eventually
enrolled in this study, which consisted of 1283 males
(65.86%) and 665 females (34.14%). Among 1948
subjects, 691 were diagnosed with NAFLD with the
prevalence of 35.47% at baseline (Table 1). Compared
with those without NAFLD, the subjects with NAFLD
were significantly older, male dominated, and had
significantly higher BMI, SBP and DBP, levels of Hb,
WBC count, SUA, FPG, TG, TC, LDL cholesterol, VLDL
cholesterol, HDL cholesterol, ALT, AST and γ-GT.
Meanwhile, NAFLD subjects had significantly lower
high-density lipoprotein cholesterol levels. NAFLD
also had relatively higher level of PLT count with no
significance. Furthermore, the overall prevalence
of NAFLD was significantly higher in males than in
females (46.61% vs 13.98%, P < 0.001). The gender
difference in NAFLD prevalence was noted in groups
younger than 60 years but absent in those older than
60 years (Table 2, Figure 1). In addition, the overall
prevalence of NAFLD increased with age (in trend
analysis, P < 0.001) and reached a peak in the group
of 50-60 years (51.74%). This trend was not only
in the overall prevalence but also in both males and
female’s prevalence (Table 2 and Figure 1).

region (stronger than in the kidney and spleen region)
and gradual attenuation of the far field echo; (2)
unclear display of intra-hepatic lacuna structure; (3)
mild to moderate hepatomegaly with a round and blunt
border; and (4) color Doppler ultrasonography shows
a reduction of the blood flow signal in the liver or it is
even hard to display, but the distribution of blood flow
is normal. NAFLD was diagnosed if item 1 and any one
or more of items 2-4 are matched. Hepatic ultrasonic
examination was performed and conducted by a
trained ultrasonographist in a blind manner.

Follow-up examination

The population was followed for 8 years, and the
end-point examination was repeated in 2014. During
this period, patients who took any kind of prescrip
tion medicine are excluded. Serological tests were
measured with the same automatic analyzer using
the same methods. Training course was carried out to
make sure that the ultrasonic criteria of NAFLD remain
the same and hepatic ultrasonic examination was still
performed in a blind manner.

Statistical analysis

Risk factors associated with the presence of NAFLD

All statistical analyses were conducted with the SPSS
software package version 13.0 for Windows (SPSS,
Inc., Chicago, IL). Baseline analyses were done
using descriptive statistics expressed as mean ± SD,
and differences between continuous variables were
assessed using Student’s t-test or the Mann-Whitney
U-test, depending on the normality of the data. Cate
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Stepwise binary logistic regression model was used to
explore the independent risk factors associated with
the presence of NAFLD. All the 18 variables in Table
1 were recruited into the original equation, and 10
variables remained in the final equation after removing
8 variables (Table 3). Our results suggest that those
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Table 2 Age and sex distribution of overall non-alcoholic fatty liver disease prevalence
Age (yr)

Total

NAFLD

Overall

Males

Females

χ 2 value

P value

< 20
20-29
30-39
40-49
50-59
60-69
≥ 70
Total

3
342
559
608
259
119
58
1948

0
69
183
245
134
47
13
691

0.00%
20.18%
32.74%
40.30%
51.74%
39.50%
22.41%
35.47%

0.00%
28.07%
44.14%
55.01%
60.00%
48.00%
25.00%
46.61%

0.00%
4.39%
10.94%
14.16%
28.99%
25.00%
19.23%
13.98%

26.471
63.114
97.223
19.499
6.139
0.275
203.663

< 0.001
< 0.001
< 0.001
< 0.001
0.013
0.600
< 0.001

NAFLD: Non-alcoholic fatty liver disease.

Table 3 Logistic regression analysis of risk factors associated with the prevalence of non-alcoholic fatty liver disease
Variables
Age
BMI
PLT
SUA
FPG
TG
VLDL
HDL
ALT
AST

B

S.E.

Wals

Sig.

OR

0.025
0.450
0.004
0.006
0.334
0.280
0.336
-1.053
0.049
-0.064

0.007
0.036
0.001
0.001
0.081
0.089
0.118
0.298
0.008
0.014

14.767
158.411
6.898
28.372
16.884
9.919
8.148
12.469
37.985
20.903

< 0.001
< 0.001
0.009
< 0.001
< 0.001
0.002
0.004
< 0.001
< 0.001
< 0.001

1.025
1.569
1.004
1.006
1.397
1.323
1.400
0.349
1.050
0.938

95%CI of OR
1.012
1.462
1.001
1.004
1.191
1.112
1.111
0.194
1.034
0.912

1.038
1.682
1.006
1.008
1.638
1.575
1.764
0.626
1.067
0.964

BMI: Body mass index; PLT: Platelet; SUA: Serum uric acid; FPG: Fasting plasma glucose; TG: Triglycerides; VLDL: Very low-density lipoprotein; HDL:
High-density lipoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Table 4 Comparison of variables between baseline and end
point in subjects who developed non-alcoholic fatty liver disease
Variables
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
Hb (g/L)
PLT (× 109/L)
WBC (× 109/L)
SUA (μmol/L)
FPG (mmol/L)
TG (mmol/L)
TC (mmol/L)
LDL (mmol/L)
VLDL (mmol/L)
HDL (mmol/L)
ALT (U/L)
AST (U/L)
g-GT (U/L)

Difference

t value

P value

-1.454
-4.875
-2.225
-3.537
-7.352
-0.283
-29.304
-0.463
-0.224
-0.268
0.054
-0.295
0.126
-3.099
0.006
-10.43

-17.198
-6.105
-4.021
-6.972
-3.276
-3.728
-8.814
-10.909
-2.630
-6.823
1.368
-11.043
10.200
-2.672
0.009
-4.912

0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.009
0.000
0.172
0.000
0.000
0.008
0.993
0.000

Table 5 Comparison of variables between baseline and end point
in subjects who seceded from non-alcoholic fatty liver disease
Variables
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
Hb (g/L)
PLT (× 109/L)
WBC(× 109/L)
SUA (μmol/L)
FPG (mmol/L)
TG (mmol/L)
TC (mmol/L)
LDL (mmol/L)
VLDL (mmol/L)
HDL (mmol/L)
ALT (U/L)
AST (U/L)
g-GT (U/L)

Difference
0.801
-2.285
-0.279
-0.434
0.754
-0.040
12.800
-0.204
0.643
0.209
0.357
0.073
-0.005
8.950
5.084
9.557

t value

P value

4.759
-1.509
-0.274
-0.496
0.203
-0.274
1.820
-2.329
6.159
2.721
4.532
1.544
-0.194
5.917
5.997
4.612

0.000
0.134
0.784
0.621
0.839
0.785
0.072
0.022
0.000
0.007
0.000
0.125
0.846
0.000
0.000
0.000

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; Hb: Hemoglobin; PLT: Platelet; WBC: White blood cell;
SUA: Serum uric acid; FPG: Fasting plasma glucose; TG: Triglycerides;
TC: Total cholesterol; LDL: Low-density lipoprotein; VLDL: Very lowdensity lipoprotein; HDL: High-density lipoprotein; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; γ-GT: Gammaglutamyl transpeptidase.

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; Hb: Hemoglobin; PLT: Platelet; WBC: White blood cell;
SUA: Serum uric acid; FPG: Fasting plasma glucose; TG: Triglycerides;
TC: Total cholesterol; LDL: Low-density lipoprotein; VLDL: Very lowdensity lipoprotein; HDL: High-density lipoprotein; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; γ-GT: Gammaglutamyl transpeptidase.

10 variables were significantly associated with the
presence of NAFLD including age, BMI, PLT count,
SUA, FPG, TG, VLDL cholesterol, HDL cholesterol, ALT
and AST.

Development of NAFLD after 8-year follow-up

WJG|www.wjgnet.com

After 8-year follow-up, 337 (17.30%) subjects free of
NAFLD at baseline developed NAFLD and 123 (6.31%)
subjects diagnosed with NAFLD at baseline had not
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NAFLD any more (Tables 4 and 5). These changes
made the prevalence of NAFLD rise by 10.99% to
46.46%. Paired-samples t-test was employed to
analyse the changes from baseline to the end point
in these two groups, respectively. Subjects who
developed NAFLD had a significant change in almost
all the parameters during the follow-up. There was
an especially greater increase in BMI, SUA, FPG,
VLDL cholesterol and a considerable decrease in HDL
cholesterol, as their absolute t-values were greater.
It is worth noting that these 5 variables were all
significantly associated with the presence of NAFLD.
Subjects who seceded from NAFLD had a greater
decrease in BMI, FPG, TG, TC, LDL cholesterol, ALT,
AST, and γ-GT.

BMI, SUA, FPG, VLDL cholesterol and HDL cholesterol
play the greatest role in the development of NAFLD.
They are risk factors for both the prevalence and
development of NAFLD. Subjects with NAFLD can
be reversed if they lose their weight, control their
hyperlipidemia and hyperglycemia, and reduce the
liver enzyme levels.
High BMI is without doubt a major risk factor for
NAFLD. In this study, the prevalence of NAFLD was
2
19.94% in non-obese subjects (BMI ≤ 25 kg/m ) and
2
reached 75.05% in obese subjects (BMI > 25 kg/m ).
2
In patients with morbid obesity (BMI > 40 kg/m ) who
undergo bariatric surgery, the prevalence of NAFLD
[9]
may even be in excess of 90% . Previous studies
showed that modest weight loss is associated with
amelioration of hepatic steatosis and other histological
[24,25]
improvements
. Several recent studies suggested
the importance of body weight control, not only in the
obese but also in non-obese subjects, for reducing the
[26,27]
risk of or preventing NAFLD
.
As universally acknowledged, the proportion of
NAFLD is also higher in patients with type 2 diabetes or
[4]
metabolic syndrome . FPG, TG, VLDL cholesterol and
HDL cholesterol were all markers relevant to glucose
and lipid metabolism. In this study, we suggest that not
only type 2 diabetes and metabolic syndrome but also
moderate elevation in parameters mentioned above
were responsible for a high prevalence of NAFLD.
Our results demonstrate a close relationship between
high SUA and NAFLD. Hyperuricemia is a common
finding in recent studies and SUA is independently
associated with histological findings of NAFLD regardless
[28]
of insulin resistance and metabolic syndrome status .
As the underlying mechanism is not well studied, further
studies are needed to characterize the role of SUA in
the development of NAFLD.
In this study, liver enzymes were associated with
the prevalence and development of NAFLD. In many
previous studies, elevations in the liver enzymes were
[29,30]
non-invasive indicators of NAFLD
. These enzymes
indirectly reflect histological changes of livers and
severity of NAFLD. It is not surprising that all three
[1-3]
enzymes
significantly decreased in subjects who
seceded from NAFLD during the follow-up.
From both clinical experience and research data,
the more alcohol people intake, the higher blood TG
levels. Patients with NAFLD often have elevated TG.
The biopsy also proved that their steatosis correlates
directly with alcohol intake. Women may be affected at
even lower levels of intake (e.g., half dose). In another
word, the alcohol sensitivity of women is different
from that of men. Women are more likely to develop
NAFLD than men even with lower dose of alcohol
intake. That is why we put a lower bar for women (70
g in women vs 140 g in men) in this study according
to the Guidelines for the diagnosis and treatment of
[2]
nonalcoholic fatty liver diseases .
There are several limitations in this study. NAFLD
was diagnosed by ultrasonography, which is not sen

DISCUSSION
The prevalence of NAFLD in the Western countries was
[19]
estimated to be 20% to 30% , and varied between
17% and 46% depending on the different population
[4]
included in the study . With the improvement of
economy and westernization of lifestyle in China, the
prevalence of NAFLD in the Chinese population had
a rapidly increasing tendency, especially in the urban
population. Our study showed that the prevalence of
NAFLD was 35.47 % in 2006 and went up to 46.46%
in 2014 in the same population after follow-up for 8
years. The results also indicated that the prevalence
of NAFLD increased with age. The peak of age showed
in 50-60 year old subjects. It is important to note
that elder people had significantly more known risk
factors for NAFLD, such as obesity, diabetes mellitus
[4]
and hyperlipidaemia . On the other hand, dysfunction
of preadipocytes in the elder people impairs the
capacity of fat tissue to store lipids, and leads to fat
redistribution from subcutaneous to intraabdominal
[20,21]
visceral depots including the liver
. Our results
also suggest that there was a significant difference in
the prevalence of NAFLD between men and women
before the age of 60. This difference might be a
consequence of the protective role of estrogens in
females. Difference in sex hormone levels would
probably correlate to the differences in the amount
[22,23]
and distribution of body fat between the sexes
. As
men usually store fat in the abdomen, women store
more fat in the subcutaneous tissue. What’s more,
logistic regression analyses revealed that gender was
not an independent risk factor associated with the
prevalence of NAFLD. Different values of serological
markers in different genders might directly affect the
prevalence of NAFLD.
Our results showed that age, BMI, PLT count, SUA,
FPG, TG, VLDL cholesterol, HDL cholesterol, ALT and
AST were 10 risk factors independently associated
with the prevalence of NAFLD. In the follow-up study,
we found not only progressive subjects but also
rehabilitative cases. It is the most interesting finding
in our study that NAFLD was not always progressing.
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significance of the study. The only concern is the different criteria for alcohol
consumption between males and females. It comes from the sensitivity
threshold between different genders. The definition refers to the NAFLD
guideline.

sitive for mild NAFLD and cannot determine the severity
of NAFLD. However, ultrasonography as a non-invasive
method is widely used in population-based studies with
[31]
high diagnostic value for detecting NAFLD . Although
excluding any medical intervention, during the 8-year
follow-up, dietary habits are not fully followed due to
the difficult standardization. The role of diet change
in NAFLD development and resolution should be also
further studied. In addition, admission bias cannot be
eliminated because most subjects who participated in
health examinations were from population with stable
income and high education in urban area.
Our results provide the prevalence of NAFLD and
the risk factors for its prevalence and development in
a Chinese population. Our findings may make clear the
high prevalence in China.
In conclusion, our results showed that NAFLD is
prevalent in the Chinese population with a rapidly
increasing tendency. NAFLD can be reversed when
patients lose their weight, control their hyperlipidemia
and hyperglycemia, and reduce the liver enzyme levels.

REFERENCES
1
2
3
4

5

6

COMMENTS
COMMENTS
Background

7

This study focused on the long-term outcome of non-alcoholic fatty liver disease
(NAFLD) in China. The prevalence of NAFLD in China has approximately
doubled in the past decade with the increasing pandemic of obesity.
Epidemiological data and long-term outcomes of NAFLD in Chinese populations
remain unknown and need to be updated, which can be used as a predictor for
metabolic disorders and a basis for public health interventions.

8

Research frontiers

9

Innovations and breakthroughs

10

Not all individuals with NAFLD develop hepatic steatosis. There also appears
to be racial-ethnic variations. So NAFLD racial-ethnic study becomes a hotpot
currently. Our study focused on a Chinese population and observed the longterm outcome to provide the initial clues of risk factors for further mechanism
study.

The breakthrough of the current study is the finding of natural prognosis
of NAFLD by a self-comparison after 8-year follow-up. Among a total 1948
participants, 337 baseline NAFLD-free participants developed NAFLD and
123 participants who had NAFLD at baseline lost NAFLD. Analysis of their
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Currently, there is no approved therapy for NAFLD/non-alcoholic steatohepatitis
(NASH). Treatment strategies may be grouped into those which address weight
loss, reduce lipids, are antioxidants, or target the liver. Our research findings
provide the target and biomarkers for the therapies.
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NAFLD is a common hepatic disease. Pathologically, it can present as simple
steatosis, NASH, and eventually progress to cirrhosis, an end-stage liver
disease. The NAFLD is the most common cause of chronic liver disease in the
Western world, and it has been increasing in China in the past years. Notably,
1%-5% of patients with simple steatosis can eventually develop actual cirrhosis
and even to hepatocellular carcinoma.
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AIM: To assess the predictive value of Operative Link
on Gastritis Assessment (OLGA) and Operative Link
on Gastric Intestinal Metaplasia Assessment (OLGIM)
stages in gastric cancer.

Abstract

Informed consent statement: All study participants, or
their legal guardian, provided written consent prior to study
enrollment.

METHODS: A prospective study was conducted
with 71 patients with early gastric cancer (EGC) and
156 patients with non-EGC. All patients underwent
endoscopic examination and systematic biopsy.
Outcome measures were assessed and compared,
including the Japanese endoscopic gastric atrophy
(EGA) classification method and the modified OLGA
method as well as the modified OLGIM method.
Helicobacter pylori (H. pylori ) status was determined
for all study participants. Stepwise logistic regression
modeling was performed to analyze correlations
between EGC and the EGA, OLGA and OLGIM methods.
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RESULTS: For patients with EGC and patients with
non-EGC, the proportions of moderate-to-severe
EGA cases were 64.8% and 44.9%, respectively (P =
0.005), the proportions of OLGA stages Ⅲ-Ⅳ cases
were 52.1% and 22.4%, respectively (P < 0.001), and
the proportions of OLGIM stages Ⅲ-Ⅳ cases were
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42.3% and 19.9%, respectively (P < 0.001). OLGA
stage and OLGIM stage were significantly related
to EGA classification; specifically, logistic regression
modeling showed significant correlations between EGC
and moderate-to-severe EGA (OR = 1.95, 95% CI:
1.06-3.58, P = 0.031) and OLGA stages Ⅲ-Ⅳ (OR =
3.14, 95%CI: 1.71-5.81, P < 0.001), but no significant
correlation between EGC and OLGIM stages Ⅲ-Ⅳ (P =
0.781). H. pylori infection rate was significantly higher
in patients with moderate-to-severe EGA (75.0% vs
54.1%, P = 0.001) or OLGA/OLGIM stages Ⅲ-Ⅳ (OLGA:
83.6% vs 55.8%, P < 0.001; OLGIM: 83.6% vs 57.8%,
P < 0.001).

of atrophic gastritis (defined as loss of appropriate
gland function), intestinal metaplasia (defined as
replacement of gastric epithelium by intestinal-type
epithelium, IM) and Helicobacter pylori (H. pylori)
infection are well-known risk factors of GC. As atrophic
gastritis and IM progress to GC in only a small
[4]
proportion of patients , identifying the characteristics
of the background mucosa in EGC may help clinicians
to select a subgroup of patients who may benefit from
a surveillance program.
In recent years, the Operative Link on Gastritis
Assessment (OLGA), which is based on the histo
pathology findings of biopsy specimens, was proposed
as an effective method to rank gastritis into stages
[5,6]
with corresponding carcinoma risks . It has been
reported that a high-risk stage (defined as stage Ⅲ or
Ⅳ of the OLGA classification) is strongly correlated with
[7,8]
a high risk of GC . However, in consideration of the
low interobserver agreement of OLGA classification,
the Operative Link on Intestinal Metaplasia Assessment
(OLGIM) was developed as an alternative, and was
subsequently recommended as an effective method
to predict GC risk due to its higher interobserver
agreement and strong association with the OLGA
[9,10]
stage
.
The endoscopic gastric atrophy (EGA) assessment
that uses Kimura-Takemoto classification was first
applied in a study of Japanese subjects to evaluate
the extent of endoscopic atrophic border (EAB) and
[11]
the severity of gastric atrophy . A subsequent study
showed that moderate-to-severe grade of EGA was
[12]
closely associated with an increased risk of GC . EGA
is regarded as an assessment of endoscopic gastric
atrophy, in contrast to the OLGA and OLGIM methods
which are identified as the assessments of histologic
atrophy and IM. While all three methods have proven
effective in assessing gastric atrophy and predicting
the development of GC, their use remains limited and
has not extended worldwide. The OLGA and OLGIM
classifications are applied primarily in Europe and
America; on the other hand, the EGA assessment is
applied primarily in Japan and Vietnam. None of these
three evaluation methods has been widely applied in
China and other Asian countries, despite the fact that
they harbor a high prevalence of GC.
Determining the optimal assessment method for
predicting EGC makes sense for both patient care and
allocation of medical resources. To the best of our
knowledge, no research study to date has reported
a comparative analysis of the associations between
the three evaluation methods and EGC; as such, the
relationship between EGA assessment and the OLGA/
OLGIM stages remains unclear. We designed this
prospective study to evaluate the characteristics of
the background mucosa of EGC using three criterions,
ultimately to investigate whether the EGA, OLGA or
OLGIM method has the highest correlation with EGC
so that the optimal means of assessment can be used

CONCLUSION: OLGA classification is optimal for EGC
screening. A surveillance program including OLGA
stage and H. pylori infection status may facilitate early
detection of gastric cancer.
Key words: Early gastric cancer; Operative Link on
Gastritis Assessment/Operative Link on Gastric Intestinal
Metaplasia Assessment stage; Endoscopic gastric
atrophy classification; Screening; Endoscopy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Japanese endoscopic gastric atrophy clas
sification, Operative Link on Gastritis Assessment
(OLGA), and Operative Link on Gastric Intestinal
Metaplasia Assessment (OLGIM) have been proven
separately as effective methods to evaluate seve
rity of gastric atrophy and intestinal metaplasia.
However, these methods have not been compared
for prognosticating neoplastic development. This
study compared the correlations of these three
methods with early gastric cancer (EGC) and found
that OLGA classification is optimal for EGC screening.
A surveillance program based on OLGA stage and
Helicobacter pylori infection status may represent a
practical approach for detecting gastric cancer at an
early stage.
Zhou Y, Li HY, Zhang JJ, Chen XY, Ge ZZ, Li XB. Operative
link on gastritis assessment stage is an appropriate predictor
of early gastric cancer. World J Gastroenterol 2016; 22(13):
3670-3678 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i13/3670.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i13.3670

INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer
and the third leading cause of cancer-related deaths
[1]
worldwide . The prognosis of GC is meaningfully
associated with tumor stage, as highlighted by the
5-year overall survival rate of patients with early
[2,3]
gastric cancer (EGC) exceeding 90% . The presence
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O-3

ced endoscopist, using a conventional endoscope
(GIF-H260; Olympus Medical Systems, Tokyo, Japan),
a magnifying endoscope (GIF-H260 Z; Olympus
Medical Systems), and an electric endoscopic system
(EVIS 260 Spectrum; Olympus Medical Systems). All
patients were originally diagnosed using the Kimura[11]
Takemoto EGA assessment
(Figure 1). The extent
of atrophic gastritis was categorized according to
the following two primary patterns: closed-type
gastritis (C-type) and open-type gastritis (O-type).
For the C-type, C1 sub-categorization represented
highly localized antral gastritis, C2 sub-categorization
represented increasing extension through the lesser
curvature, and C3 sub-categorization represented
increasing extension through the greater curvature. For
the O-type, in which the gastritis reached the cardia,
O1 sub-categorization indicated reaching the lesser
curvature, O2 sub-categorization indicated reaching
half of the stomach, and O3 sub-categorization
indicated extensive atrophic gastritis that affected
almost the entire stomach. According to the patient’
s EGA classification, the endoscopic atrophic pattern
was divided into the following three degrees: mild
(C1-C2), moderate (C3-O1) and severe (O2-O3).
Then, biopsy samples (n) were obtained for histology
from the following standardized sites: antrum (n = 3,
including 1 for exclusive use in the rapid urease test
(RUT) (Pronto Dry; Medical Instruments Corporation,
Solothurn, Switzerland) and corpus (n = 2, including
1 from the lesser curvature and 1 from the greater
curvature). If a suspicious lesion was found, 2-3 extra
biopsy samples were obtained from the lesion.

Cardia

O-2
O-1

C-3

C-2
C-1

Antral

Figure 1 Endoscopic atrophic pattern described by Kimura-Takemoto[11].
The spread of atrophic gastritis is divided into closed-type gastritis (C-type) and
open-type gastritis (O-type). C-1 represents highly localized antral gastritis, and
C-2 and C-3 represent increasing extension through the lesser curvature and
greater curvature, respectively. O-type indicates gastritis reaching the cardia,
with O-1 reaching the lesser curvature, O-2 reaching half of the stomach, and
O-3 having extensive atrophic gastritis, affecting almost the entire stomach.

in development of an appropriate surveillance program
for detecting EGC in China.

MATERIALS AND METHODS
Patients and classification

The study was conducted prospectively at Shanghai
Ren Ji Hospital from May 2013 to July 2015. Con
secutive patients, ranging in age from 40 to 80
years, with diagnosis of functional dyspepsia or
suspicion of EGC and who underwent esophagogastro
duodenoscopy were recruited to the study. Patients
were excluded from study participation based upon
diagnosis of advanced GC, order or receipt of postsubtotal gastrectomy, or presence of any conditions
that may interfere with clinical examination or treat
ment, such as acute upper gastrointestinal bleeding
and severe systemic diseases (e.g., a severe cardiac
condition, serious infection, or renal failure). Patients
who lacked histology data were also excluded.
The study protocol was approved by the local ethics
committee, and all patients provided written informed
consent. Patients were selected and classified into
two groups. Patients with a pathological diagnosis of
EGC or high-grade neoplasia (HGN) (categories 4-5
[13]
according to the revised Vienna classification)
were
defined as the EGC group. Patients with a pathological
diagnosis of non-gastritis, gastritis or low-grade
neoplasia (LGN) (revised Vienna category 1-3) were
defined as the non-EGC group.

Treatment

Patients with suspected EGC or with a diagnosis of
intraepithelial neoplasia by pathology were examined
by magnifying endoscopy with narrow-band imaging
(ME-NBI). The treatment for each patient was
determined according to results from conventional
endoscopy (CE) and ME-NBI, as well as biopsy
pathologic diagnoses. When the biopsy pathology
turned out to be gastritis or LGN (revised Vienna
categories 1-3), the patients received follow-up. For
those diagnosed with HGN and GC (revised Vienna
categories 4-5) by biopsy pathology, endoscopic
submucosal dissection (ESD) or surgery were chosen
according to the indications of endoscopic resection
[13]
(ER) .

Histopathology

The retrieved tissues were fixed in formalin (10%)
and embedded in paraffin. All biopsy specimens
were examined by a single experienced pathologist,
blinded to the endoscopic diagnosis, using the World
Health Organization classification of tumors (digestive
[14]
[13]
system)
and the revised Vienna classification .
Gastric adenocarcinomas were sub-divided into D-type
(well or moderately differentiated adenocarcinoma or

Endoscopic procedure

All patients were examined by a single experien
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Atrophy score

Corpus
No atrophy

Mild atrophy

Moderate atrophy

Severe atrophy

(score 0)

(score 1)

(score 2)

(score 3)

No atrophy (score 0)

STAGE 0

STAGE Ⅰ

STAGE Ⅱ

STAGE Ⅱ

Mild atrophy (score 1)

STAGE Ⅰ

STAGE Ⅰ

STAGE Ⅱ

STAGE Ⅲ

Moderate atrophy (score 2)

STAGE Ⅱ

STAGE Ⅱ

STAGE Ⅲ

STAGE Ⅳ

Severe atrophy (score 3)

STAGE Ⅲ

STAGE Ⅲ

STAGE Ⅳ

STAGE Ⅳ

Antrum

Figure 2 Modified operative link for gastritis assessment staging frame (with exclusion of the biopsies from incisura angularis)[16].
[16]

without biopsy from the incisura angularis

Table 1 Clinicopathological characteristics and endoscopic
gastric atrophy classification

Total patients, n (%)
Sex, n (%)
Male
Female
Age (yr)
H. pylori infection rate
EGA classification
C0
C1
C2
C3
O1
O2
O3
Atrophic rate
OLGA stage
0
Ⅰ
Ⅱ
Ⅲ
Ⅳ

OLGIM stage
0
Ⅰ
Ⅱ
Ⅲ
Ⅳ

IM rate
IM subtype
Complete IM
Incomplete IM

EGC group

Non-EGC group

71 (100)

156 (100)

51 (71.8)
20 (28.2)
64.0 ± 9.1
70.4%

98 (62.8)
58 (37.2)
62.2 ± 7.4
61.5%

1
3
21
7
23
12
4
98.6%

6
18
62
29
30
11
0
96.2%

1
16
17
27
10

6
65
49
27
9

6
17
18
20
10
91.5%

45
47
33
23
8
71.2%

13
52

41
70

H. pylori evaluation

For patients who underwent esophagogastro
duodenoscopy, biopsy samples were obtained from
the antrum (n = 3, 1 for RUT and 2 for H. pylori
detection) and from the corpus (n = 2, both for H.
pylori detection). For H. pylori detection, sections
were stained with modified Giemsa and histologically
evaluated. In addition, peripheral blood was collected
to determine H. pylori IgG antibody titers by enzymelinked immunosorbent assay (ELISA) (H. pylori-EIAWell; Radim, Rome, Italy). Any two positive findings
among the tests of four biopsy sites, RUT, and anti-H.
pylori IgG were considered as having a positive H.
pylori status. Patients with only one positive result
were considered as having an inconclusive H. pylori
status. Only those patients with all tests having
negative results were considered as negative (noninfected) H. pylori status.

P value
> 0.050

> 0.050
> 0.050
< 0.001

> 0.050
< 0.001

Statistical analysis

< 0.001

All statistical analyses were performed using SPSS
version 19.0 statistical software (SPSS Inc., Chicago, IL,
United States). Continuous parameters are expressed
as mean ± SD, and discrete parameters are expressed
as numbers and percentages. Differences between
2
the two groups were evaluated by Pearson’s χ test,
Mann-Whitney Wilcoxon test and Student’s t-test, as
appropriate. A logistic regression model (stepwise
forward procedure) was used for correlation analysis
between EGA, OLGA, OLGIM and EGC. All P-values
reported are two-sided, and a P-value < 0.05 was
considered statistically significant.

0.001
0.019

EGA: Endoscopic gastric atrophy; EGC: Early gastric cancer; H. pylori:
Helicobacter pylori; IM: Intestinal metaplasia; OLGA: Operative Link for
Gastritis Assessment; OLGIM: Operative Link on Intestinal Metaplasia
Assessment.

papillary adenocarcinoma) and UD-type (mucinous
cell carcinoma, signet-ring cell carcinoma, or poorly
differentiated adenocarcinoma). If both characteristics
were present, the lesion was regarded as UD-type.
[6]
Atrophic gastritis and IM were scored using a visual
[15]
analog scale based on the updated Sydney system ,
in which 0 = absent, 1 = mild, 2 = moderate, and 3
= severe. Presence of atrophic gastritis and stage of
IM were determined according to the modified OLGA
stage system and the modified OLGIM stage system,
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(Figure 2).

RESULTS
Clinicopathological characteristics

Overall, 227 patients were enrolled in the study. The
clinicopathological characteristics of these patients, in
the EGC group (n = 71) and the non-EGC group (n =
156), are summarized in Table 1. The EGC group had
a total of 75 EGC lesions (mean diameter, 21.9 ± 9.3
mm), and 66 of the patients in this group underwent
ESD treatment while 5 underwent surgery. Of the 75
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Relation between EGA classification and OLGA/
OLGIM stage is summarized in Table 3. OLGA stage
and OLGIM stage were significantly related to EGA
classification. Table 4 shows the relation between OLGA
stage and OLGIM stage. For 128 (56.4%) of the total
227 cases, low-risk stages (0 + Ⅰ + Ⅱ) and high-risk
stages (Ⅲ + Ⅳ) were consistent when either the OLGA
or OLGIM criteria were used. Ninety-nine (43.6%)
of the total 227 cases were staged inconsistently,
including 80 patients (35.2%) who were down-staged
by OLGIM criteria compared with OLGA criteria, with
20 (8.8%) patients who were considered as low-risk
when the OLGIM criteria were used but as high-risk
when the OLGA criteria were used, and 19 patients
who were down-staged by OLGA criteria compared
with OLGIM criteria. As for correlations between EGA,
OLGA, OLGIM and EGC, logistic regression modeling
showed that moderate-to-severe EGA and OLGA
stages Ⅲ-Ⅳ were significantly associated with EGC
(Table 5).

Table 2 Endoscopic gastric atrophy classification and OLGA/
OLGIM stage in early gastric cancer and non- early gastric
cancer patients
EGC group Non-EGC P value OR (95%CI)
group
EGA classification1
None-to-mild
Moderate-to-severe
OLGA stage
0-Ⅱ
Ⅲ-Ⅳ
OLGIM stage
0-Ⅱ
Ⅲ-Ⅳ

0.005 2.26 (1.27-4.04)
25
46

86
70

34
37

121
35

41
30

125
31

< 0.001 3.76 (2.07-6.85)

< 0.001 2.95 (1.60-5.45)

1

None-to-mild EGA, C0-C2 types of EGA classification; Moderate-tosevere EGA, C3-O3 types of EGA classification. CI: Confidence interval;
EGA: Endoscopic gastric atrophy; EGC: Early gastric cancer; OLGA:
Operative Link for Gastritis Assessment; OLGIM: Operative Link on
Intestinal Metaplasia Assessment; OR: Odds ratio.

Table 3 Relation between early gastric cancer classification
and OLGA/OLGIM stage n (%)
EGA classification
OLGA stage
0-Ⅱ
Ⅲ-Ⅳ
OLGIM stage
0-Ⅱ
Ⅲ-Ⅳ

None-to-mild

Moderate-to-severe

87 (56.1)
24 (33.3)

68 (43.9)
48 (66.7)

94 (56.6)
17 (27.9)

72 (43.4)
44 (72.1)

H. pylori infection

The EGC group had a slightly higher H. pylori infection
rate than the non-EGC group (70.4% vs 61.5%), but
the difference was not significant (P = 0.195) (Table 1).
The H. pylori infection rate in moderate-to-severe EGA
patients was significantly higher than that in the noneto-mild EGA patients (75.0% vs 54.1%, P = 0.001).
In addition, the H. pylori infection rate in OLGA/OLGIM
stages Ⅲ-Ⅳ patients was significantly higher than
that in the OLGA/OLGIM stages 0-Ⅱ patients (OLGA:
83.6% vs 55.8%, P < 0.001; OLGIM: 83.6% vs
57.8%, P < 0.001). However, the H. pylori infection
rate in the patients with complete IM was not different
from that in the patients with incomplete IM (68.5%
vs 68.0%, P = 0.949) (Table 6).

P value
0.001

< 0.001

EGA: Endoscopic gastric atrophy; OLGA: Operative Link for Gastritis
Assessment; OLGIM: Operative Link on Intestinal Metaplasia Assessment.

EGC lesions, 72 (96.0%) were differentiated-type and
3 (4.0%) were undifferentiated-type. As for the tumor
size, 14 (18.7%) were ≤ 1 cm, 33 (44%) were 1-2
cm, 15 (20%) were 2-3 cm and 13 (17.3%) were
> 3 cm. Moreover, 70 (93.3%) of the tumors were
intramucosal and 5 (6.7%) were submucosal.
The mean patient age, sex, H. pylori infection
rate, and atrophic rate were not significantly different
between the EGC and non-EGC groups. On the other
hand, the EGA classification, OLGA stage, OLGIM
stage, IM rate and IM type were significantly different
between the two groups.

DISCUSSION
China has a high prevalence of GC, reflecting its huge
population, distinctive dietary (high-salt) structure and
high H. pylori infection rate. Recognizing risk factors
of EGC and establishing an appropriate surveillance
system for patients with a high risk of GC will help
to lengthen the survival time of patients and reduce
waste of social resources. In the current study, we
found that moderate-to-severe EGA and high-risk (Ⅳ)
OLGA/OLGIM stages had a remarkable correlation
with EGC, and these results are consistent with the
[7-10,12,17]
[10]
published literature
. Rugge et al
stated that
most HGN or invasive gastric neoplasia cases were
consistently connected with high-risk OLGA/OLGIM
stages (97.6% for OLGA stages, and 92.7% for OLGIM
stages); however, in our study, 47.9% (34/71) and
57.7% (41/71) of patients with EGC were staged as
low-risk (0-Ⅱ) according to the modified OLGA/OLGIM
methods. In addition to the differences of pathological
diagnosis and race of our study population, another

EGA classification and OLGA/OLGIM stages

As shown in Table 2, the proportions of moderateto-severe EGA cases in the EGC group and the
non-EGC group were 64.8% (46/71) and 44.9%
(70/156), respectively. The proportions of OLGA
gastritis stages Ⅲ-Ⅳ cases in the EGC group and
the non-EGC group were 52.1% (37/71) and
22.4% (35/156), respectively. The proportions of
OLGIM stages Ⅲ-Ⅳ cases in the EGC group and the
non-EGC group were 42.3% (30/71) and 19.9%
(31/156), respectively.
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Table 4 Relation between OLGA/OLGIM stage and IM stage
OLGIM
OLGA

Stage 0

Stage Ⅰ

Stage Ⅱ

Stage Ⅲ

Stage Ⅳ

7
29
14
1
0

0
41
15
7
1

0
8
32
10
1

0
3
5
33
2

0
0
0
3
15

Stage 0
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

OLGA: Operative Link for Gastritis Assessment; OLGIM: Operative Link on Intestinal Metaplasia Assessment.

the existence of IM and the incomplete IM subtype to
be significantly correlated with EGC, and these findings
[20,21]
are consistent with those from other studies
.
[22]
Quach et al
studied the relation between EGA
classification and OLGA stage using 280 patients with
functional dyspepsia. The results indicated a significant
association between moderate-to-severe EGA and
high-risk OLGA stage and extensive IM; our findings in
the current study confirmed this conclusion. Moreover,
the present study investigated the relation between
OLGA stage and OLGIM stage. Approximately onethird of the cases were down-staged by OLGIM criteria,
as compared with OLGA criteria, and less than onetenth of the cases were considered as low-risk using
the OLGIM criteria and as high-risk according to OLGA.
Because a down-stage existed using OLGIM criteria, as
[10]
compared with OLGA criteria , and more than onehalf of the patients with EGC in our study were staged
as 0-Ⅱ by OLGIM, it may be prudent to consider that
low OLGIM stages are simply considered equal to low
risk for EGC.
The three assessments used to evaluate gastric
atrophy and IM were all risk factors of EGC; never
theless, they have their own characteristics. EGA
focuses on the recognition of the endoscopic atrophic
border and its range in the stomach. As the endoscopic
gastric atrophy classification, EGA could be assessed
in real-time as patients are undergoing endoscopy.
Furthermore, EGA is intuitive and can be evaluated
without taking biopsy specimens, which reduces the
risk of gastric bleeding as well as saves costs associated
with performance of the biopsy procedure. However,
EGA is subjective and may result in designation of a
different stage by different endoscopists, regardless
of whether they are experienced or not. One recent
report examined interobserver and intraobserver
[23]
agreement for EGA . The result showed that although
intraobserver agreement for gastric mucosa atrophy
was good to excellent (kappa value: 0.585-0.871),
the interobserver agreement was only moderate for
experienced endoscopists (kappa value: 0.29-0.474).
The low interobserver agreement may give rise to
low reproducibility of endoscopic findings, and may
influence the detection of EGC to some extent. On the
contrary, histologic atrophy and IM assessments based
on OLGA/OLGIM system are more objective, and they
are designated by pathologists who are blinded to

Table 5 Logistic regression analysis of three risk factors for
early gastric cancer

Moderate-to-severe EGA
OLGA stages Ⅲ-Ⅳ
OLGIM stages Ⅲ-Ⅳ

OR (95%CI)

P value

1.95 (1.06-3.58)
3.14 (1.71-5.81)
-

0.031
< 0.001
0.781

CI: Confidence interval; EGA: Endoscopic gastric atrophy; EGC: Early
gastric cancer; OLGA: Operative Link for Gastritis Assessment; OLGIM:
Operative Link on Intestinal Metaplasia Assessment; OR: Odds ratio.

Table 6 Comparison of H. pylori infection rates between
different groups
Group
EGA
classification
OLGA stage
OLGIM stage
IM subtype

None-mild degree
Moderate-severe degree
0-Ⅱ
Ⅲ-Ⅳ
0-Ⅱ
Ⅲ-Ⅳ
Complete
Incomplete

H. pylori

infection rate
54.1%
75.0%
55.8%
83.6%
57.8%
83.6%
68.5%
68.0%

P value
0.001
< 0.001
< 0.001
0.949

EGA: Endoscopic gastric atrophy; EGC: Early gastric cancer; IM: Intestinal
metaplasia; OLGA: Operative Link for Gastritis Assessment; OLGIM:
Operative Link on Intestinal Metaplasia Assessment.

important difference was our strategy of obtaining and
using only four gastric biopsy specimens for staging
by the modified OLGA/OLGIM methods. Despite the
fact that five standard biopsy specimens have been
recommended by the updated Sydney system (two
from the antrum, two from the corpus, and one from
[15]
the incisura) , whether biopsy samples from the
incisura angularis may provide extra clinical information
useful towards determining the extent of premalignant
[18]
conditions remains an unresolved controversy
(Figure 3). Current guidelines suggested at least four
biopsies (two from the antrum, and two from the
[19]
[16]
corpus) for adequate staging . Marcos-Pinto et al
applied a modified OLGA/OLGIM staging system,
with exclusion of biopsy of the incisura, and showed
a downgrade of stages in comparison with standard
OLGA stages. We took only four gastric biopsy
specimens, which might have resulted in downgrade of
high-risk OLGA/OLGIM stages. Our study also showed
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IM score

Antrum

Corpus
No IM

Mild IM

Moderate IM

Severe IM

(score 0)

(score 1)

(score 2)

(score 3)

No IM (score 0)

STAGE 0

STAGE Ⅰ

STAGE Ⅱ

STAGE Ⅱ

Mild IM (score 1)

STAGE Ⅰ

STAGE Ⅰ

STAGE Ⅱ

STAGE Ⅲ

Moderate IM (score 2)

STAGE Ⅱ

STAGE Ⅱ

STAGE Ⅲ

STAGE Ⅳ

Severe IM (score 3)

STAGE Ⅲ

STAGE Ⅲ

STAGE Ⅳ

STAGE Ⅳ

Figure 3 Modified operative link on intestinal metaplasia assessment staging frame (with exclusion of the biopsies from incisura angularis)[16]. IM: Intestinal
metaplasia.

the patients’ clinical information and whose material
for assessment is subject to less interference than
that of endoscopists. The interobserver agreement of
OLGA/OLGIM by expert pathologists was reportedly
[9,24]
higher than that for EGA
. However, OLGA/OLGIM
staging depends on the biopsy specimens taken by
endoscopists, which may be down-staged in cases
when severe lesions were missed. That might be
why, in the present study, the percentage of OLGA/
OLGIM stage Ⅲ-Ⅳ cases was lower in EGC than in
moderate-to-severe EGA. We analyzed the correlation
between EGC and endoscopic, histologic gastritis.
The odds ratios of high-risk EGA, OLGA and OLGIM
were 2.26, 3.76 and 2.95, respectively. In view of the
tight relation of the three methods, stepwise logistic
regression modeling was performed to determine
which classification performs better in suggesting
the occurrence of EGC. It showed that moderate-tosevere EGA and OLGA stages Ⅲ-Ⅳ were prominently
related to EGC (P = 0.031 for EGA and P < 0.001
for OLGA), with the odds ratios of high-risk EGA
and OLGA being 1.95 and 3.14, respectively. Thus,
OLGA stages Ⅲ-Ⅳ appeared to be more relevant to
the occurrence of EGC. In addition, since H. pylori
[25,26]
infection is considered a high-risk factor for GC
and has been demonstrated as significantly related to
[27]
high-risk OLGA/OLGIM stages
and to moderate-tosevere EGA (the present study), we emphasized the
importance of H. pylori infection in the detection of
EGC. Considering the advantages and disadvantages
of the three methods, we suggest that OLGA
classification combined with H. pylori detection be put
into routine use in a surveillance program for EGC.
Up to now, the suitable surveillance intervals
for patients under precancerous conditions remain
[19]
controversial. According to the recent guidelines ,
endoscopic surveillance is recommended for patients
with extensive atrophic gastritis or IM, who should
obtain follow-up every 3 years. In contrast, some
researchers from Japan have suggested that patients
with extensive atrophic gastritis or IM obtain followup every 1 year, those with moderate atrophic gastritis
every 2 years, and those with none-to-mild every 3
[28,29]
years
. Based on the findings from the present
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study, although moderate-to-severe EGA and highrisk OLGA/OLGIM stages were all high-risk factors of
EGC, the OLGA classification may be more appropriate
for EGC screening. We suggest that patients aged
more than 40 years undergo upper gastrointestinal
endoscopy for GC screening, with OLGA stage being
detected in the meanwhile. The surveillance intervals
for patients with OLGA stages Ⅲ-Ⅳ need to be
shortened, even when there is no obvious lesion,
and endoscopists should be sufficiently cautious and
take more biopsy specimens if necessary in order to
avoid missed diagnosis of EGC. Prospective studies
are needed to investigate the appropriate surveillance
intervals for patients with OLGA stages Ⅲ-Ⅳ.
This study had several limitations. First, all the
endoscopic assessments were performed by a
single highly experienced endoscopist, and all the
histopathological diagnoses were made by a single
experienced pathologist, which may lead to deviations
of data analysis. Second, this was a single-center
study; therefore, we cannot exclude the possibility of
selection bias. However, to the best of our knowledge,
this is the first study to identify that OLGA stage is
more appropriate for predicting EGC than OLGIM
stage and EGA classification, which can further help in
establishment of a thorough surveillance program for
EGC.
In conclusion, our study showed that moderateto-severe EGA and high-risk OLGA/OLGIM stages are
all high-risk factors of EGC. The three assessments
had tight relation with each other, and H. pylori
infection was significantly associated with high-risk
stage of both endoscopic and histologic atrophy and
IM. However, we suggest OLGA classification as the
optimal method for EGC screening. A surveillance
program including OLGA stage and H. pylori infection
is expected to be a practical approach that will help to
achieve greater detection of gastric cancers at an early
stage.
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Abstract
AIM: To determine whether aspirin or non-aspirin nonsteroidal anti-inflammatory drugs (NA-NSAIDs) prevent
colorectal cancer (CRC) in patients with inflammatory
bowel disease (IBD).
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METHODS: We performed a systematic review and
meta-analysis. We searched for articles reporting the
risk of CRC in patients with IBD related to aspirin or NANSAID use. Pooled odds ratios (OR) and 95%CIs were
determined using a random-effects model. Publication
bias was assessed using Funnel plots and Egger’s test.
Heterogeneity was assessed using Cochran’s Q and the
I 2 statistic.

Data sharing statement: Technical appendix, statistical code,
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RESULTS: Eight studies involving 14917 patients and
3 studies involving 1282 patients provided data on the
risk of CRC in patients with IBD taking NA-NSAIDs and
aspirin respectively. The pooled OR of developing CRC
after exposure to NA-NSAIDs in patients with IBD was
0.80 (95%CI: 0.39-1.21) and after exposure to aspirin
it was 0.66 (95%CI: 0.06-1.39). There was significant
2
heterogeneity (I > 50%) between the studies. There
was no change in the effect estimates on subgroup
analyses of the population studied or whether
adjustment or matching was performed.
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CONCLUSION: There is a lack of high quality evidence
on this important clinical topic. From the available
evidence NA-NSAID or aspirin use does not appear to
be chemopreventative for CRC in patients with IBD.
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without risk. As such primary prevention of CRC in
these patients is an attractive alternative. Several
treatment modalities have been proposed as potential
chemopreventative agents and studied mainly via
[13]
retrospective case-control and cohort studies .
[14-16]
These include 5-aminosalicylic acid preparations
,
ursodeoxycholic acid (in patients with concomitant
[17,18]
[19]
PSC)
, thiopurine analogues , aspirin and nonaspirin non-steroidal anti-inflammatory drugs (NA[20]
NSAIDs), and statins .
There are plausible biological mechanisms for
how NA-NSAIDs, and aspirin, may prevent CRC
development in patients with IBD. In epidemiological,
laboratory and clinical studies aspirin has consistently
been shown to reduce the incidence of several tumors,
including “sporadic” CRC not related to a defined
[21]
genetic predisposition or IBD . The exact antineoplastic mechanism(s) of aspirin and NA-NSAIDs is
not yet clear but several cell signaling pathways have
been implicated as targets for COX-dependent and
[22,23]
COX-independent mechanisms of action
. Aspirin
use also appears to prevent CRC metastasis, as well as
[24]
the risk of primary CRC .
As well as the potential benefits for chemoprevention
there are concerns about negative effects of aspirin
and the NA-NSAIDs on the lower gastrointestinal
tract. Adverse effects of NA-NSAIDs on the colon
include a NSAID colonopathy with diaphragm-like
stricturing and mucosal inflammation and ulceration,
[25]
complicated diverticular disease including bleeding ,
[26,27]
and microscopic colitis
. A possible association
between the use of NSAIDs including aspirin and the
onset or relapse of IBD has been repeatedly suggested.
However, lack of controlled prospective trials make it
[28,29]
difficult to draw definite conclusions
.
Aspirin use is associated with several side effects.
The main concern is the risk of upper gastrointestinal
bleeding and hemorrhagic stroke. Most studies using
aspirin have not shown increased death rates from
gastrointestinal bleeding suggesting that any bleeds
[30]
related to aspirin are small and relatively insignificant .
There are currently conflicting data on the putative
role of NA-NSAIDs and aspirin in the prevention of CRC
in IBD. We therefore performed a systematic review and
meta-analysis in order to identify if there is evidence
that aspirin and NA-NSAIDs have chemopreventative
activity against CRC in patients with IBD.

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

Core tip: Colorectal cancer (CRC) remains a serious
complication of inflammatory bowel disease (IBD)
and chemoprevention is an attractive alternative to
prophylactic surgery or intensive surveillance programs.
Aspirin and non-steroidal anti-inflammatory drugs have
chemopreventative activity against “sporadic” CRC. We
have synthesized the available data for the prevention
of IBD associated CRC and found no potential protective
effect for either medication. There is a lack of available
data on the potential effects of these medications in
preventing CRC in patients with IBD and there is a need
for high quality, focused studies on this topic.
Burr NE, Hull MA, Subramanian V. Does aspirin or non-aspirin
non-steroidal anti-inflammatory drug use prevent colorectal
cancer in inflammatory bowel disease? World J Gastroenterol
2016; 22(13): 3679-3686 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i13/3679.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i13.3679

INTRODUCTION
One of the most serious complications of inflammatory
bowel disease (IBD) is the development of colorectal
cancer (CRC). Worldwide, the risk of developing CRC
ranges between 5-40/100000 people depending
on location, with a marked increase in Western
[1,2]
populations , this is increased to 300/100000 in
[3]
patients with longstanding ulcerative colitis (UC) . The
cumulative probability of developing CRC in patients
with UC increases from 2%, 8% and 18% after 10,
[3]
20 and 30 years of disease respectively . In patients
with CD, a meta-analysis of population-based studies
has demonstrated an increased risk of CRC, with a
[4]
standardized incidence ratio of 1.9 (95%CI: 1.4-2.5) .
Whilst the risk of CRC in CD appears to be stable, a
[5]
recent study from Denmark has reported a decrease
in CRC incidence in patients with UC over the past
30 years. It is currently unclear why there may be a
reduction in incidence, but a plausible hypothesis is
that increased use of IBD medications may reduce
inflammation-driven colorectal carcinogenesis.
Identified risk factors for developing CRC in patients
[6]
with IBD include primary sclerosing cholangitis ,
[7-9]
degree of inflammation
, duration of disease,
[10]
extent of colonic involvement , as well as family
[10,11]
history of colorectal cancer
. International society
guidelines advocate regular surveillance colonoscopy
examinations to identify malignant and pre-malignant
[12]
lesions . These are resource intensive and not
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MATERIALS AND METHODS
We followed a pre-specified and peer-reviewed
protocol; the PRISMA statement, a 27 item checklist
deemed essential for reporting systematic reviews
and meta-analyses of randomized controlled trials and
[31]
observational studies .

Search strategy

We searched multiple electronic databases including
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MEDLINE (1965 to July 2015), EMBASE (1974 to
July 2015), ISI Web of Science (1945-July 2015) and
the Cochrane Register of Controlled Trials. The MeSH
search terms included were Inflammatory Bowel
Disease AND CRC AND Aspirin OR NSAIDs. Free text
terms and variations were used. No limits or language
restrictions were applied. We performed a recursive
search of the bibliographies of relevant review articles
and of the included studies. Articles were assessed by
two independent reviews (Burr NE and Subramanian
V) to assess eligibility for inclusion. Any disagreements
were resolved by consensus decision.

respectively. To test for publication bias, we used a test
for asymmetry of the funnel plot proposed by Egger
[36]
et al . This test detects funnel plot asymmetry by
determining whether the intercept deviates significantly
from zero in a regression of the normalized effect
estimate (estimate divided by the standard error)
against precision (reciprocal of the standard error of the
estimate) weighted by the reciprocal of the variance of
the estimate.
The quality of the primary studies assessing the risk
of bias was evaluated using the Newcastle-Ottawa Scale
[37]
for non-randomized studies (NOS) . Studies score for
a maximum of 4 for selection, 2 for comparability and 3
for outcomes (cohort) or exposures (case-control). We
regarded scores of 0-3 as low, 4-6 as medium and 7-9
as high methodological quality.
We performed pre-planned subgroup analyses to
assess the following factors on the trial outcome and
on the heterogeneity of the analyses: (1) matching or
adjustment for confounders (any or none); and (2) the
population studied (population-based or other).

Study selection

Studies were eligible for inclusion if they reported on
risk of developing CRC in patients with IBD on either
NA-NSAIDs or aspirin compared to a control population.
Studies published only in abstract form were not
included. Two reviewers (Burr NE and Subramanian V)
independently screened titles and abstracts identified by
the preliminary searches to identity potentially eligible
studies. Both reviewers independently assessed the full
text articles of potentially relevant studies for inclusion
in the pooled analysis. Data from included studies were
independently extracted by two investigators (Burr NE
and Subramanian V). Information was collected on
characteristics of the study (population studied, country
of origin, study design, definition of drug exposure)
and medication use including NA-NSAIDs, aspirin and
development of CRC. Agreement between the reviewers
was greater than 95% and differences between the
datasets were resolved by consensus decision.

RESULTS
Our searches retrieved 9 potentially relevant articles,
[14,38,39]
of which 3
provided data on aspirin exposure
[14,39-45]
and risk of CRC and 8
on NA-NSAID exposure
and risk of CRC in patients with IBD. Figure 1 outlines
the fate of the selected articles. The studies were
either retrospective case-control, nested case-control
[14,40-42,44]
or cohort studies by design and 5
included
population-based analysis. Table 1 lists all the included
studies and their characteristics. We contacted authors
of papers for missing data but did not obtain any extra
information. The quality assessment of the studies
using the Newcastle Ottawa scale is also detailed in
[39,41,42]
Table 1. Only 3 studies
provided multivariate
analysis of data for risk of developing CRC in IBD
patients exposed to aspirin or NA-NSAIDs.

Statistical analysis

The odds ratio (OR) with 95% confidence interval (CI)
of developing CRC in patients with IBD on aspirin or
NA-NSAIDs compared with controls was extracted
from the study. When insufficient (no information on
odds ratio or drug exposure) data had been published,
we contacted the study authors. As randomization
and blinding is not possible in observational studies
and baseline differences between the groups can
confound the results we used the authors’ ORs with
adjustment for potential confounding factors wherever
available. The pooled OR estimate was calculated from
an inverse-variance-weighted average of the individual
[32]
studies . A DerSimonian-Laird random effects model
[33]
was used a priori . As a further sensitivity analysis
a fixed effects model was used for comparison. Stata
version 12 (StataCorp, College Station, Texas, United
States), was used for all of the data analysis.
We used the Cochran’s Q statistic to test hete
[34]
rogeneity among pooled estimates . Statistical
2
heterogeneity was also measured by the I statistic,
which quantifies the proportion of inconsistency
in individual studies that cannot be explained by
[35]
2
chance . Values of I equal to 25%, 50%, and 75%
represent low, moderate, and high heterogeneity,
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Cumulative risk of developing CRC in IBD patients
exposed to NA-NSAIDs

Eight studies, including 14917 patients with IBD
provided data on the risk of developing CRC after
exposure to NA-NSAIDs. Using a random effects
model, the pooled adjusted OR of developing CRC after
exposure to NA-NSAIDs in patients with IBD was 0.80
(95%CI: 0.39-1.21) (Figure 2). The heterogeneity
between the studies was high (Cochran’s Q = 38.15, P
2
= 0.00 and I = 81.6%).

Sensitivity analysis and publication bias

Pre-planned subgroup analyses showed that there
was no difference in the overall effect estimate
when comparing the population studied or whe
ther adjustment or matching for confounders was
performed (Table 2). There was no heterogeneity
among population-based studies (Cochran’s Q = 2.39,
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Table 1 Characteristics of studies included in the analysis
Author

1

Design

Population

Definition of
IBD

Drug
exposure

Exclusion
criteria

No. of
patients

OR (95%CI)

Bansal et al[42],
1996

Case-control

US veterans
affairs

Clinical
database

Not specified

11446

0.84 (0.65-1.09)

Eaden et al[38],
2000

Case-control UK Hospital

NSAID
associated
diagnosis
Prescribed
5-10 years
before
diagnosis

Van Staal
et al[14], 2005

Nested casecontrol

UK general
practice

Velayos et al[39], Case-control
2006

US Hospital

Clinical,
pathological
and
radiological
records
Clinical
records

206

Adjusted for
age, sex and
ethnicity
0.80 (0.21-2.98) Non-adjusted
Aspirin

6

5

4

Clinical,
pathological
and
endoscopic
records

2 records of
use in notes

Previous CRC,
IBD diagnosed
at same time as
CRC, incomplete
data

376

Prescribed in
the year before
diagnosis
Ever used

Colorectal
surgery

1536

No colonic
involvement of
IBD
Previous history
of CRC

48

0.29 (0.03-2.75) Non-adjusted

5

60

0.49 (0.07-3.32)

6

IBD diagnosed at
the same time as
CRC
Not specified
Incomplete
records

551

Matched for
age, gender
and ethnicity
1.96 (0.72-5.36) Non-adjusted

200

1.84 (0.75-2.5)

5

Case-control US insurance
claims

Clinical
records

Tang et al[43],
2010

Retrospective US Hospital
cohort

Clinical
database

Samadder
et al[41], 2011

Case-control

Baars et al[44],
2011

Case-control Netherlands
nationwide
pathology
Case-control US Hospital

N. Israel
Patient
Weekly for >
community questionnaires
3 yr
Pathology
reports
Pathology
reports

700

NOS quality
assessment

1.52 (0.7-3.25) Non-adjusted
(Aspirin)
0.80 (0.38-1.66)
(NA-NSAID’s)
0.3 (0.1-0.8)
Matched
(Aspirin)
on gender,
0.1 (0.03-0.5)
duration of
(NA-NSAID)
disease and
extent of
disease
0.97 (0.74-1.28) Non-adjusted

Terdiman
et al[40], 2007

Rubin et al[45],
2013

Colorectal
surgery, IBD
diagnosed at
time of cancer
diagnosis
Prescribed in
Colorectal
the 6 mo prior surgery, previous
to diagnosis
history of CRC

Adjustment/
matching

Ever used

Non-adjusted

8

5

6

1

OR for colorectal cancer (CRC) chemoprotective effect of non-aspirin non-steroidal (NA-NSAID) use in patients in inflammatory bowel disease (IBD)
unless otherwise stated. For cohort studies was used only for the Tang et al[43] study. The scale for case-control studies was used for the other studies. NOS:
Newcastle-Ottawa Score.

508 unique articles
identified from database
search

Excluded after screening title
and abstract - 458

50 unique articles remaining

Full text articles excluded - 32
1 article included
from recursive
search

Unique articles included in the analyses - 9
Data on NA-NSAIDs - 6
Data on aspirin - 1
Data on both medications - 2

Figure 1 Flow chart showing the results from the search strategy. NA-NSAIDs: Non-aspirin non-steroidal anti-inflammatory drugs.
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Study

%

ID

ES (95%CI)

Weight

NA-NSAID
Bansal (1996)

0.84 (0.65, 1.09)

16.11

Van Staal (2005)

0.80 (0.38, 1.66)

10.64

Velayos (2006)

0.10 (0.03, 0.50)

15.95

Terdiman (2007)

0.97 (0.74, 1.28)

15.56

Tang (2010)

0.29 (0.03, 2.75)

4.52

Sammader (2011)

0.49 (0.07, 3.32)

3.44

Baars (2011)

1.96 (0.72, 5.36)

1.87

Rubin (2013)

1.84 (0.75, 2.50)

7.97

0.80 (0.39, 1.21)

76.07

Eaden (2000)

0.80 (0.21, 2.98)

4.40

Van Staal (2005)

1.52 (0.70, 3.25)

4.96

Velayos (2006)

0.30 (0.10, 0.80)

14.57

2

Subtotal (I = 81.6%, P = 0.000)
Aspirin

2

Subtotal (I = 44.4%, P = 0.166)

0.66 (-0.06, 1.39)

2

Overall (I = 77.1%, P = 0.000)

0.76 (0.42, 1.09)

23.93
100.00

NOTE: Weights are from random effects analysis
0 0.5 1

2.5

Medication reduces risk of CRC medication increases risk of CRC

Figure 2 Forest plot of odds ratios and 95%CI for effect of non-aspirin non-steroids anti-inflammatory drugs or aspirin on colorectal cancer development
in patients with inflammatory bowel disease. Random effects model.
Funnel plot of standard error by log odds ratio

Table 2 Subgroup analyses for studies reporting on risk of
colorectal cancer in patients with inflammatory bowel disease
taking non-aspirin non-steroidal anti-inflammatory drugs

0.0

Matched y/n
Matched/adjusted
None
Study location
Hospital
Population

Pooled OR (95%CI)

3
5

0.47 (0.18-1.13)
1.04 (0.65-1.43)

6
2

0.92 (0.78-2.62)
0.88 (0.72-1.04)

Standard error

0.5
No. of studies

1.0

1.5

2.0

-3

-2

2

P = 0.79 and I = 0%) but high heterogeneity between
hospital-based studies (Cochran’s Q = 14.17, P <
2
0.005 and I = 92%)). There was some funnel plot
asymmetry compatible with publication bias (Figure 3).
However Egger’s regression asymmetry test was nonsignificant (P = 0.56). The regression asymmetry test
is probably underpowered as there are only 8 studies
[46]
included in this meta-analysis .

0
Log odds ratio

1

2

3

Figure 3 Funnel plot for publication bias for studies looking at the odds
ratio of developing colorectal cancer in patients with inflammatory bowel
disease on non-aspirin non-steroids anti-inflammatory drugs.

did not attempt to do an analysis of publication bias
or subgroup analyses as there were only 3 studies
included in the final analysis.

Cumulative risk of developing CRC in IBD patients
exposed to aspirin

DISCUSSION

Three studies, including 1282 patients with IBD,
provided data on risks of developing CRC after
exposure to aspirin. The pooled adjusted OR of
developing CRC after exposure to aspirin in patients
with IBD was 0.66 (95%CI: 0.06-1.39) (Figure 2).
A random effects model was chosen a priori. The
heterogeneity between the studies was high (Cochran’
2
s Q = 0.166. and I = 44.4%). A fixed effects model
was performed as a sensitivity test which changed the
pooled adjusted OR to 0.41 (95%CI: 0.08-0.74). We
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-1

We present the first systematic review and metaanalysis of the effects of NA-NSAIDs and aspirin for CRC
chemoprevention in patients with IBD to our knowledge.
It is important to synthesize the available literature on
this subject as CRC remains an important complication
of IBD and NA-NSAIDs including aspirin have been
consistently shown to have a protective effect in
[47,48]
sporadic colorectal cancer
. We found 9 retrospective
studies fitting the inclusion criteria, but unfortunately
there have been no prospective randomized trials.
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There were only 3 studies that reported on aspirin use
in patients with IBD associated cancer. We found no
significant potential protective effect for NA-NSAIDs or
aspirin against the development of CRC in IBD patients.
There are several limitations to this meta-analysis.
All the included studies are retrospective and are
therefore subject to inherent biases and confounding.
Publication bias is another possible limitation as
negative studies are less likely to be published and
therefore not included in the analyses. However we
have attempted to reduce the possibility of publication
bias by conducting an exhaustive search of the
literature and did not limit inclusion of studies based on
language. Most of the studies included in our analysis
reported NA-NSAID and aspirin use as a secondary
outcome measure and results from a multivariate
[39,41,42]
analysis was provided only by 3 studies
. The
study with the most robust methodology from Velayos
[39]
et al
reported a significant chemopreventative
role for both NA-NSAIDs and aspirin. There were
differences in the studies related to the definition of
drug exposure and as these studies were all retro
spective it was not possible to check compliance with
the medication. A further limitation with studies of
this type is confounding by indication. Aspirin and NANSAID use could be associated with another factor,
such as another medical condition, that is associated
with colorectal cancer. It is not possible to adjust or
correct for all such factors so this always must be born
in mind when interpreting such studies.
The dose and duration of medication exposure was
not consistently recorded. An important consideration
of chemoprevention against colorectal cancer is the
duration of exposure to the medication. In the evidence
for aspirin protecting against sporadic CRC a duration
[49]
of > 5 years conferred a 34% reduction in CRC risk .
The only study included here which took this into
[38]
consideration was Eaden et al
where a prescription
in the preceding 5-10 years before diagnosis was
required for inclusion as positive exposure (Table 1).
The dose of aspirin used was not stated in most of the
studies but it is likely to have been low dose as used in
routine clinical practice in patients with cardiovascular
risk factors, 75 mg in the United Kingdom and 81
mg in the United States. It is possible that a higher
dose may be needed for chemoprevention of colitisassociated CRC. For example, a recent trial in patients
with Lynch syndrome, a hereditary condition associated
with high risk of CRC, demonstrated that high dose (600
[50]
mg daily) aspirin conferred protection against CRC .
Little information was provided about the timing and
duration of exposure to aspirin and NA-NSAID’s in any
of the included studies. Aspirin and NA-NSAIDs may
be unable to prevent the progression from dysplasia
to cancer and could therefore be chemopreventative
only in those with exposure to the drug from soon
after onset of IBD and those with longer duration of
exposure to the medication. Unfortunately none of
the studies included in this meta-analysis provided
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data on the timing of exposure to NA-NSAID/aspirin
and duration of IBD, to determine if early or longterm exposure was chemopreventative. The main
outcome of interest was the development of CRC and
not dysplasia which could support the argument that
in some of the patients, CRC may have developed in
those exposed to aspirin or NA-NSAIDs only after they
had already developed colorectal neoplasia.
Adverse effects of NSAIDs on the gastrointestinal
tract need to be considered in future studies as there
is a potential increased incidence of disease flares
[51]
with the use of NSAIDs, including aspirin . This
issue is still under debate as NSAIDs are often used
for treatment of arthralgia and abdominal pain and it
may be that NSAIDs are used after the flare develops
rather than being the potential cause of the flare.
Colorectal cancer remains a serious complication
of IBD. Current methods to reduce CRC in IBD are
the use of colonoscopic surveillance or by prophylactic
proctocolectomy. British Society of Gastroenterology
guidelines advocate screening and surveillance
colonoscopy which can result in annual tests for high
[52]
risk patients . Chemoprevention is therefore an
attractive proposition for these patients. NA-NSAIDs
and aspirin remain biologically plausible targets for
chemoprevention in IBD. As we have shown the clinical
evidence is limited. The available data is hampered as
most of the studies include small numbers of patients
and do not include adequate information on medication
dose and duration. Potential chemoprevention agents
are likely to take several years to display a protective
effect as in the sporadic CRC population and this
should be borne in mind in future studies. Prospective
randomized chemoprevention trials are unlikely to be
done as the sample size required would be too large
and therefore well-conducted epidemiological studies
using prospective databases are needed to clarify the
true effect of aspirin and/or NA-NSAIDs on the risk of
CRC in patients with IBD.
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Background

Colorectal cancer is an important complication of inflammatory bowel disease
(IBD). Primary prevention is an attractive strategy and aspirin and non-aspirin
anti-inflammatory drugs are plausible options. Several studies have investigated
the possible use of these medications but the data has not been synthesized.

Research frontiers

These medications have shown promise in preventing colorectal cancer in a
non IBD population. It is important to examine this potential effects in the IBD
population who are at greater risk of colorectal cancer.

Innovations and breakthroughs

This is the first meta-analysis to investigate this potential effect. From the
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available evidence there is no data to support the use of these medications in
chemoprevention against colorectal cancer but the study has highlighted the
lack of high quality data.
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Applications

15

The study highlights the need for focused studies into the potential protective
effect of these medications.

Peer-review

This systematic review and meta-analysis gives useful information to clinicians
and patients on the role of these medications. It highlights the lack of data in
this area and the need for high quality focused studies.
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Abstract
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Ampullary adenoma is a common indication for
endoscopic papillectomy. Ampullary neuroendocrine
tumor (NET) is a rare disease for which complete
surgical resection is the treatment of choice. However,
because of the morbidity and mortality associated
with surgical resection, endoscopic papillectomy is
increasingly used in selected cases of low grade, with
no metastasis and no invasion of the pancreatic or
bile duct. Also, confirmed and complete endoscopic
resection of ampullary NET accompanied by adenoma
has not been reported to date. We report herein a rare
case of an ampullary NET accompanied with adenoma,
which was successfully and completely resected via
endoscopic papillectomy. Prior to papillectomy, this
case was diagnosed as an ampullary adenoma.
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Core tip: In selected cases without metastasis or
invasion of the pancreatic and bile duct, endoscopic
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fine nodularity. Endoscopic ultrasonography (EUS) at
the major ampulla revealed a 1.1 × 0.9-cm, slightly
hypoechoic round ampullary mass confined to the
submucosa without definite wall disruption or adjacent
invasion (Figure 1). Abdomen computed tomography
(CT) did not show an abnormally dilated pancreatic or
biliary duct, ductal invasion, or enlarged lymph nodes.
Based on pathology and an imaging study, we
planned endoscopic papillectomy for the removal of
unexposed ampullary adenoma. Following submucosal
injection of 1:10000 diluted epinephrine, snaring
papillectomy was performed. However, primary com
plete resection of major papilla was not achieved.
Following the first papillectomy, a remnant, whitish,
round mass-like lesion was seen to protrude, and was
difficult to differentiate from remnant tumor or a second
combined tumor. Therefore, subsequently a second
resection was performed successfully in the same
manner as the first. An endoscopic image acquired
immediately following the two-step papillectomy
showed complete resection without complications.
Resected tissues showed a papillary roof lesion and a
whitish, round, mass-like lesion (Figure 2). Insertion of
a prophylactic pancreatic stent failed due to technical
difficulties with selective pancreatic duct cannulation.
Due to the risk of post-procedure pancreatitis, the
number of attempts to cannulate the pancreatic duct
was not permitted to exceed five. Post-endoscopic
retrograde cholangiopancreatography (ERCP)
pancreatitis did not occur.
Microscopic findings of the resected specimens
were as follows. There was no evidence of NET and
tubular adenoma in the first primary papillectomy
specimen. But, the second resection specimen showed
a collision tumor composed of tubular adenoma (closed
arrow) and NET [open arrow, hematoxylin-eosin (HE)
staining, magnification × 4] and it measured about
1.0 cm. The tubular adenoma component was mainly
found in intra-ampullary portion of the ampulla of
Vater and exhibited round-to-oval enlarged glands with
stratified epithelial cells (HE staining, magnification
× 100). The NET component was also found in the
second resection specimen, abutting the tubular
adenoma and showed cord-like arrangement of
monotonous tumor cells (HE staining, magnification ×
100). Immunohistochemistry showed that the tumour
cells were positive for synaptophysin (magnification ×
100) (Figure 3).
Follow-up endoscopic biopsy of the papillectomy
site performed one and three month later did not show
remnant tumor except reepithelization (Figure 4). No
local recurrence or metastasis of NET or adenoma was
detected during 24 mo of follow-up.

papillectomy can be a treatment of choice for ampullary
neuroendocrine tumor (NET). To the best of our
knowledge, the complete cure case of successful
endoscopic papillectomy for ampullary NET accompanied
with ampullary adenoma has not been reported in the
English-language literature. This unusual ampullary NET
accompanied with adenoma was successfully treated by
endoscopic papillectomy.
Lee SH, Lee TH, Jang SH, Choi CY, Lee WM, Min JH, Cho
HD, Park SH. Ampullary neuroendocrine tumor diagnosed by
endoscopic papillectomy in previously confirmed ampullary
adenoma. World J Gastroenterol 2016; 22(13): 3687-3692
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i13/3687.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i13.3687

INTRODUCTION
The incidence of gastrointestinal neuroendocrine
tumor (NET) has increased in recent years due to the
increased frequency of healthcare examinations and
improvements in diagnostic techniques. However,
[1-3]
NET of the ampulla of Vater is extremely rare
.
Pancreaticoduodenectomy is generally considered the
procedure of choice for NET of the ampulla of Vater
larger than 2 cm and for cases of neuroendocrine
carcinoma. Endoscopic local resection and surgical
ampullectomy have been considered to be safe for
small NET of the ampulla of Vater (less than 2-cm
[2-6]
diameter) or in patients with severe comorbidities .
Endoscopic papillectomy is now commonly indicated
[7,8]
for adenomas of the ampulla of Vater .
In the case presented herein, we first diagnosed
ampullary adenoma by routine endoscopic examina
tion. However, subsequent endoscopic papillectomy
confirmed combined ampullary NET. Ampullary NET
accompanied by adenoma of the ampulla of Vater
was resected completely by endoscopic papillectomy,
without local recurrence during 2 years.

CASE REPORT
A 53-year-old female patient visited our hospi
tal for dyspepsia of 3-mo duration. She had no
specific medical or surgical history. Her vital signs
at admission were blood pressure 110/70 mmHg,
pulse rate 82/min, respiratory rate 20/min, and
body temperature 36.3 ℃ . Physical examination
revealed no marked features. The laboratory data also
showed no abnormalities, including tumour markers
(CEA 1.0 ng/mL, CA 19-9 2.0 U/mL). Screening
upper gastrointestinal endoscopy showed protruding
major papilla and subsequent endoscopic biopsy of
the ampulla of Vater revealed low-grade ampullary
adenoma. A duodenoscopic image showed an en
larged major papilla with central umbilication and
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DISCUSSION
NET of the ampulla of Vater, formerly known as
carcinoid tumors, is extremely rare. It accounts for
only about 0.3%-1% of all gastrointestinal NETs,
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A

B

Figure 1 A duodenoscopic image showed an enlarged major papilla with central umbilication and fine nodularity on ampullary orifice (A), endoscopic
ultrasonography at the major ampulla revealed a 1.1 × 0.9-cm, slightly hypoechoic round ampullary mass confined to the submucosa without definite wall
disruption or adjacent invasion (B).

A

B

C

D

Figure 2 Endoscopic papillectomy. Following submucosal injection of 1:10000 diluted epinephrine, snaring papillectomy was performed (A), finally papillectomy
induced ulceration is noted without complications (B), following the first papillectomy, a resected papillary roof is noted (C), A whitish and round mass-like lesion was
resected by a subsequent second papillectomy (D).

and less than 2% of all periampullary cancers. The
natural history of this disease entity has not been
[2,9-11]
well established
. Well-differentiated (low and
intermediate grade) NETs have been variously termed
carcinoid tumor (typical and atypical), neuroendocrine
tumor (grade 1 and 2), or neuroendocrine carcinoma
(low and intermediate grade). The previously used
term, carcinoids of the ampulla of Vater, comprises
a broad spectrum of morphologically and biologically
diverse tumors. In the latest World Health Organization
classification, published in 2010, it is recommended
to distinguish between (1) neuroendocrine neoplasm,
grade 1 (low grade); (2) neuroendocrine neoplasm,

WJG|www.wjgnet.com

grade 2 (intermediate grade); and (3) neuroendocrine
[6]
carcinoma, grade 3 (high grade) .
The diagnosis of ampullary NET is challenging
till now. This tumor frequently originates from the
deep mucosa or submucosa, so that cannot easily be
detected in biopsy specimens. Most reports describe
such lesions as a round or oval mass, with intact
overlying duodenal mucosa, with negative biopsies.
Also, early lymphatic metastasis is possible despite the
small size of the lesions, and an accurate diagnosis
[4,12]
is difficult
. Accuracy rates of biopsy for the
preoperative diagnosis of NET range from to 14% to
[3,4,13]
66%
. Duodenoscopy in combination with ERCP
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A

B

C

D

Figure 3 The protruding whitish mass lesion (second papillectomy tissue, Figure 2D) was composed of two lesions that differed in their histological
characteristics. Tubular adenoma (solid arrow) and NET [Dotted arrow, hematoxylin-eosin (HE) staining, magnification × 4; A]. The tubular adenoma lesion exhibited
round-to-oval enlarged glands with stratified epithelial cells (HE staining, magnification × 100; B). The NET showed cord-like arrangement of monotonous tumor cells (HE
staining, magnification × 100; C). Immunohistochemistry showed that the tumor cells were positive for synaptophysin (magnification × 100; D).

biliary ducts. Jaundice is the predominant symptom
(53%) at the time of admission to hospital, followed
by pain (24.6%), acute pancreatitis (6%) and weight
[4,15]
loss (3.7%)
. The case presented herein exhibited
no specific symptoms due to the tumour, with the
exception of mild dyspepsia.
The treatment of choice for NET is complete
resection. Metastasis is rare, particularly in ampullary
NETs. Therefore, complete resection is required as
[1,4,16]
the primary therapy
. In terms of prognosis, the
5-year survival rate of completely resected NET exceeds
[1]
95% . The classical partial pancreaticoduodenectomy
(Kausch-Whipple operation) or pylorus-preserving
pancreaticoduodenectomy (PPPD) are considered the
treatments of choice for ampullary NETs > 2.0 cm in
diameter. The mortality and morbidity rates for the two
[4,17]
approaches are less than 5% and 15%, respectively
.
Alternatively, in patients with multiple comorbidities
or elderly individuals, conservative treatment or
minimally invasive endoscopic papillectomy should
[5,7]
be considered . Local excision may be an option for
the treatment of ampullary NET, if the tumor is small
and there is no evidence of regional lymph node or
distant metastasis. Compared to local surgical excision,
endoscopic papillectomy may be less harmful to the
patient and reduce the hospital stay duration, and
complete resection is possible in selected patients.
Similar to the management of an ampullary adenoma,
endoscopic papillectomy may be a reasonable alter

Figure 4 Follow-up endoscopic biopsy of the papillectomy site three
month later dose not show remnant tumor.

is the diagnostic method of choice for deeper biopsies
with the aim of identifying intrapapillary lesions. EUS,
CT or magnetic resonance imaging (MRI) are used
for staging and differential diagnosis, together with
detection of invasion of the bile or pancreatic duct and
[4]
metastasis to lymph nodes or other organs .
Clinically, NET can cause carcinoid syndrome,
which presents as diarrhea or facial flushing, due to
increased secretion of serotonin. However, carcinoid
syndrome in ampullary NET is rare and the clinical
and laboratory findings typical of carcinoid syndrome
[14]
are frequently absent . Anatomically, ampullary NET
develops at the conjugation of the pancreatic and

WJG|www.wjgnet.com
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[7]

diagnosed an unexposed ampullary adenoma.

native to surgical resection . When endoscopic
papillectomy is decided upon, the differentiation of
NET, tumor size, and lymph node metastasis should be
considered. Endoscopic papillectomy may be a good
alternative in highly differentiated tumours that do not
infiltrate the muscularis, tumors < 2 cm in size, and
with no distant metastasis. The prognosis is reported
to be excellent, with an overall 5-year survival rate of
[15]
90% .
This presented case was diagnosed initially as an
ampullary adenoma (low grade) by endoscopic biopsy
during screening endoscopy. Following endoscopic
papillectomy for removal of adenoma, the lesion was
diagnosed as NET, grade 1 (< 2 mitoses/10 HPF and <
3% Ki67 index) accompanied by low-grade adenoma.
Pathologically deep resection margin was not clear for
the tumor; however, no evidence of local or distant
metastasis was detected by repeated biopsies and
radiologic examination during 24 mo of follow-up.
Surgical resection was not performed due to successful
complete endoscopic resection and imaging studies did
not show lymph node or distant metastasis.
To the best of our knowledge, this is the first
reported case of endoscopic papillectomy for ampullary
NET accompanied by adenoma in the Englishlanguage literature. Some cases of ampullary small
cell neuroendocrine carcinoma associated with or
mixed with adenoma, adenocarcinoma and squamous
[18-20]
cell carcinoma have been reported
. However,
pancreaticoduodenectoy were performed in all of the
above mentioned cases due to a carcinomatous change.
Until now, there is a hypothesis that two different
types of tumors arise from common progenitor cell
[21,22]
and differentiate different
. In the case of low grade
neuroendocrine tumor with adenoma, the low grade
neuroendocrine tumor had good prognosis and no death
[23]
and no lymph node metastasis were found . However,
since the study is with regard to lesion of duodenum
and colorectum, further study in necessary to examine
a prognosis of adenoma and low grade neuroendocrine
tumor confined to ampulla of Vater.
In conclusion, low-grade ampullary adenoma is
a common indication for endoscopic papillectomy.
Indeed, well-differentiated ampullary NET may be also
a good candidate for complete endoscopic resection in
selected indications. Even though combined case such
as a presented case, may be completely resected by
endoscopic papillectomy. The clinical or pathological
correlation between NET and adenoma is unclear.
Further clinical follow-up is needed to confirm the long
term clinical outcome or these combined cases.

Differential diagnosis

Unexposed adenocarcinoma arising from the ampulla of Vater.

Laboratory diagnosis

All labs were within normal limits.

Imaging diagnosis

A duodenoscopic image showed an enlarged major papilla with central
umbilication and fine nodularity. Endoscopic ultrasonography (EUS) at the
major ampulla revealed a 1.1 × 0.9-cm, slightly hypoechoic round ampullary
mass confined to the submucosa.

Pathological diagnosis

Low grade neuroendocrine tumor combined with adenoma.

Treatment

Complete endoscopic papillectomy of tumors.

Related reports

Some cases of ampullary small cell neuroendocrine carcinoma associated with
or mixed with adenoma, adenocarcinoma and squamous cell carcinoma have
been reported, however these cases were managed by surgical resection.

Term explanation

Neuroendocrine tumor (NET) of the ampulla of Vater is formerly known as
carcinoid tumors. NET is distinguish between neuroendocrine neoplasm, grade
1 (low grade); neuroendocrine neoplasm, grade 2 (intermediate grade); and
neuroendocrine carcinoma, grade 3 (high grade).

Experiences and lessons

Well-differentiated ampullary NET may be a good candidate for complete
endoscopic papillectomy in selected indications even though combined case
such as an adenoma.

Peer-review

This case report is worthy because of the rarity of the NET in ampulla of Vater
accompanied by tubular adenoma treated with endoscopic papillectomy.
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Abstract
Perivascular epithelioid cell tumor (PEComa) of the
pancreas is an unusual tumor deriving from mesen
chyma. This paper described a case of pancreatic
PEComa, which was initially suspected as neuroendocrine
carcinoma by biopsy, and therefore surgical treatment
was recommended due to undetermined diagnosis.
Examination of the surgical specimen under a micro
scope showed that the tumor cell’s morphology was
epithelioid or spindle-shaped, and ranged in a nested
pattern. Additionally, these cells had a large extent
of acidophilic cytoplasm, no mitotic figures, and ex
pressed HMB-45, melan-p, and smooth muscle actin
immunohistochemically. Pathological examination
indicated that PEComa originated from the pancreas,
but symptoms related to tuberous sclerosis were absent.
Since PEComa is extremely rare in the pancreas, it is
likely to be ignored in differential diagnosis. In conclusion,
our article highlighted the clinicopathological features of
PEComa, and we conducted a literature review focusing
on PEComa so as to deepen the understanding of this
tumor type.
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CASE REPORT

Core tip: Perivascular epithelioid cell tumor (PEComa)
of the pancreas is an unusual tumor deriving from
mesenchyma. Via describing a rare case of pancreatic
PEComa, we highlight the clinicopathological features
of PEComa and conduct a literature review focusing on
this tumor type so as to deepen the understanding of
the subject. We also reviewed the biological behavior,
prognosis, and therapeutic strategy of PEComa.

Clinical characteristics

A 50-year-old female patient was admitted to our
hospital in November 2013 because of abdominal
ultrasound (US) findings of a space-occupying lesion
in the head of pancreas, which could not be clearly
diagnosed. The patient was a lifelong nonsmoker who
consumed no alcohol and had no history of familyinherited diseases. The patient denied any history of
surgery or trauma. CT examination demonstrated no
significant abnormality in the morphology or density
of the pancreas, nor was there any pancreatic duct
dilatation (Figure 1A). Moreover, the peripancreatic fat
space was clearly demarcated and no retroperitoneal
lymph nodes were enlarged. On the arterial phase,
there was a relatively low density of nodules of
approximately 1 cm × 1.4 cm in the uncus of the
pancreas. On the portal venous and delayed phases,
the nodules enhanced gradually and slightly, with
a significantly lower density than the surrounding
pancreatic tissue level, whereas the pathologically
changed border was well-defined on the delayed
phase. Magnetic resonance (MR) imaging (Figure
1B) showed that a round abnormal signal 1.7 cm
× 1.4 cm in size was found in the head and uncus
of the pancreas; T1WI showed a low signal clearly
distinctive of normal pancreatic tissue surrounding a
relatively high signal. In T2WI, the mass was difficult
to distinguish from the surrounding pancreatic tissue
due to the equal signal. Endoscopic ultrasound (EUS)
showed a hypoechoic region 1.6 cm × 1.4 cm in size
in the uncus of the pancreas. This region had clear
boundaries and echo was not equal inside the low
echo region. Pancreatic tail shape remained regular
and the pancreatic duct was not dilated. There was no
dilatation of the intrahepatic bile duct or enlargement
of lymph nodes.

Jiang H, Ta N, Huang XY, Zhang MH, Xu JJ, Zheng KL, Jin G,
Zheng JM. Pancreatic perivascular epithelioid cell tumor: A case
report with clinicopathological features and a literature review.
World J Gastroenterol 2016; 22(13): 3693-3700 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i13/3693.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i13.3693

INTRODUCTION
Perivascular epithelioid cell tumor (PEComa) is an
extremely rare tumor derived from mesenchymal
tissue, with characteristics of perivascular epithelioid
[1]
cells (PEC) in histology and immunohistochemistry .
Microscopically, the morphology of PEC is of epithelial
origin, containing a bright cytoplasm or fine grained
eosinophilic shapes with positive PAS staining.
Moreover, the nuclei of PEC are relatively small, and are
round or oval shaped with small nucleolus; intranuclear
inclusion bodies can be observed occasionally. PEC,
distributing in the perivascular region in a radial
pattern, is amylase intolerant, shows epithelioid
features in nearby vessels, and becomes spindleshaped when distant from vessels. The proportion of
epithelioid cells and spindle cells is different depending
on the patient. In immunohistochemistry staining,
PEC usually expresses HMB45 and melan-A. PEC is
featured with melanosome in ultrastructure, and is rich
[2]
in glycogen and cytoplasmic filaments .
PEComas can be classified as angiomyolipomas,
clear cell “sugar” tumors of the lung, lymphangiolei
omyomatoses (LAM), and other PEComas characterized
by similar histological and immunohistochemical
[3]
presentations . Although PEComas are benign in most
[4]
cases, Bonetti et al reported four abdominopelvic
sarcomas of PEC in young women, raising concern
about malignant PEComas that result in regional tissue
infiltration, multiple metastases, and even patient
[5-7]
death . As for PEComas of the pancreas, only two
malignant cases with liver metastasis have been
[8,9]
reported in the literature .
Herein, we report a 50-year-old female with
benign PEComas of the pancreas that could not be
definitely diagnosed preoperatively. A literature review
on pancreatic PEComa, with special consideration of
pathological diagnosis, was also performed.

WJG|www.wjgnet.com

Methods and materials

The patient underwent endoscopic ultrasound-guided
fine-needle aspiration (EUS-FNA) (ECHO-25G, Cook
Company). The subsequent biopsy specimen was fixed
in formalin, dehydrated by gradient ethanol, dewaxed
by xylol, imbedded in paraffin, cut into sections for
microscopic examination, and then stained with
hematoxylin-eosin.
All biopsy and surgical specimens underwent
TM
immunohistochemical staining by the EliVision Plus
method. Immunochemical staining was performed for
all specimens by using the following markers: CD56,
Cam5.2 (cytokeratin), neuron specific enolase (NSE),
chromogranin A (CgA), alpha-1-antitrypsin (α-AT),
CD34, CD56, S-100, TFE3, estrogen receptor (ER),
progesterone receptor (PR), calponin, synaptophysin
(Syn), Pax-8, β-catenin, CD117, melan-A, HMB-45,
smooth muscle actin (SMA), epithelial membrane
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A

B

Figure 1 Abdomen computed tomography-scan. A: CT delayed phase: a relatively low density of nodules (arrow) of approximately 1 cm × 1.4 cm in the uncus of
the pancreas; B: Round abnormal signal (arrow) of 1.7 cm × 1.4 cm was found in the head and uncus of the pancreas, T1WI showed low signal, clearly contrasting
with normal pancreatic tissue surrounding a relatively high signal.

A

B

Figure 2 Cytology results. A: Cells were irregular lumps distributed with medium nuclei sizes, arranged in a disorderly manner, and with crowded overlap; B: Tumor
cell with abundant cytoplasm and unclear boundary. Messily arranged spindle cell nuclei can be seen in some cell clumps. Scattered single cells were found in the
background.

antigen (EMA), vimentin, p53, and Ki-67. All specimens
were heated at 37 ℃ for 1 h and kept at 4 ℃ overnight.
Staining intensity was recorded as positive (> 10% of
plasma and nucleus stained) or negative. Ki-67 was
evaluated by percentage. All information on antibodies
used is summarized in Table 1.

Table 1 Characteristics of antibodies used in immunohisto
chemistry and staining conditions
Antibody

Clone

Source

Dilution

CD56
CAM5.2
NSE
CgA
α-AT
CD34
P53
S-100
TFE3
ER
PR
Calponin
Syn
Pax-8
β-catenin
CD117
Melan-A
HMB-45
SMA
EMA
Vimentin
Ki-67

56C04
CAM5.2
E27
SP12
Polyclonal
QBEnd/10
D0-7
SP11
MRQ-37
1D5
1A6
CALP
Polyclonal
ZR-1
CAT-5H10
YR145, 2E4
A103
HMB45
1A4
E29
V9
MX006

Maxim
Maxim
Maxim
Maxim
DAKO
Maxim
Maxim
Thermo
Maxim
Maxim
Maxim
Maxim
Maxim
Gene Tech
Maxim
Maxim
Maxim
Maxim
Gene Tech
Maxim
Maxim
Maxim

1:100
1:50
1:100
1:100
1:100
1:100
1:200
1:100
1:50
1:100
1:100
1:100
1:100
1:100
1:100
1:100
1:100
1:50
1:100
1:100
1:200
1:200
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Results

Biopsy specimen: Spindle-shaped nucleus can be
found in some cell lumps with sporadically distributed
cells in the background, suggesting that they were
malignant cells derived from unidentified sources. In
DNA ploidy analysis, a few DNA ploidy-abnormal cells
were found.
Cytological results: Cytology smear showed that
cells were distributed in irregular lumps, with nuclear
sizes varying slightly and arranged mussily. Enriched
plasma and vaguely defined boundary were identified
in the cells (Figure 2).
Tumor cells were epithelioid or spindle-shaped with
large size and nested distribution (Figure 3). Tumor cells
contained a bright cytoplasm or fine grained eosinophilic
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Figure 3 Biopsy specimen. Hematoxylin-eosin staining shows the epithe
lial tumor cells with bright or slightly eosinophilic granules with nested
distribution.

Figure 4 Gross examination. Tumor 2 cm × 2 cm in size in pancreatic head
with clear boundaries. Cross-section of gray and solid soft texture. Metastatic
lesions were not found.

shapes with suspicion of clear cell carcinoma. Therefore,
gastrointestinal stromal tumor, neuro-endocrine tumor,
acinic cell carcinoma, solid pseudo-papillary tumor, and
metastatic clear-cell carcinoma should be excluded. The
immunohistochemistry results were as follows: CD56
(+), CAM5.2 (-), P53 (-), NSE (-), vimentin (-), Ki67
(2%), CgA (-), α1-ACT (-), Syn (-), Pax-8 (-), β-catenin
(positive in plasma), CD117 (-). Since PEComa of the
pancreas had not been diagnosed in our hospital, this
tumor was not considered to be PEComa preoperatively.
Based on cytological and immunohistochemical results,
neuro-endocrine tumor was suspected, but acinic cell
carcinoma and solid pseudo-papillary tumor were not
excluded, leading to operation being suggested.

(-), ER (-), PR (-), calponin (-), and MSA (-).
Diagnosis: PEComa in the head of the pancreas.

Follow-up

No recurrence or distant metastases were observed
[8]
during follow-up of 14 mo. However, Nagata et al
reported that benign PEComa could recur after
surgery, meaning that it is necessary to follow-up and
re-examine patients.

DISCUSSION
PEComa of the pancreas is extremely rare, with only
[2-5,8-17]
twelve previous cases
being reported during
the last decade. Combining these previous cases with
ours, we found that the patients had a mean age of 52
years (range: 31 to 62 years) and were mostly female
(11 females and 2 males). The morbidity of PEComa
in females was significantly higher than that in males,
suggesting that one risk factor of PEComa is related
to sex hormones. Additionally, some studies revealed
that progesterone receptors (PR) were expressed in
PEComas immunohistochemically, especially in LAM
[18]
and renal AKL . However, in these thirteen cases, PR
was negatively expressed in five PEComas cases and
[15]
only one PEComa partially expressed ER . Tuberous
sclerosis (TSC) containing TSC1 or TSC2 gene deletion
can be seen in some PEComas, especially in renal AKL.
Located on chromatosome 9q and 16p respectively,
TSC1 and TSC2 play a pivotal role in the Rheb-mTOR[1]
P7OS6K pathway . Nevertheless, all the PEComas of
the pancreas presented without TSC.
Abdominal pain is the main initial symptom in
pancreatic PEComa, although a few asymptomatic
cases have been found during health examinations or
follow-up examinations for other disease. In PEComa
sites, the head of pancreas accounted for six cases,
the body for five cases, and the uncus for two. Tumor
size varied from 15 mm to 100 mm, with an average
of 23 mm. The tumor ruptured in one case.
In pathological morphology, akin to previous

Surgical specimen: A mass 2 cm × 2 cm in size
in the head of the pancreas was discovered during
operation and was of medium texture with a complete
capsule. The border was clear between the mass and
adjacent tissues, and metastatic lesions were not
found.
Gross examination (Figure 4): the pancreas, du
odenum, and gall bladder were resected; the size of
the pancreas head was 8 cm × 4 cm × 3 cm, with a
mass 2 cm × 1 cm × 1 cm in size that was 4 cm away
from the surgical margin. The transection of the mass
was grayish with a solid soft texture.
Microscopic examination: the boundary between
tumor and adjacent tissue was clear. Tumor cells were
arranged in nests, with some tumor cells growing
around arteries. Mounts of vessel were in mesenchyma
with hyaline degeneration (Figure 5B). The morphology
of tumor cells was epithelioid or spindle-shaped (Figure
5C and D) and ranging in a nested pattern. These
cells had plenty of acidophil cytoplasm and no mitotic
figures. There was no fat tissue found in the tumor.
Lymphatic invasion was not observed in this patient.
Immunohistochemistry (Figure 6): melan-A (+),
HMB45 (+), SMA (+) CD56 (+), Ki67 (1%), CAM5.2
(-), P53 (-), NSE (-), vimentin (-), CgA (-), α-AT (-),
Syn (-), Pax-8 (-), β-catenin (positive in plasma),
CD117 (-), CD34 (positive in vessel), S-100 (-), TFE3
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A

B

C

D

Figure 5 Microscopic examination. A: Microscopy showing clear boundaries between the tumor and adjacent pancreatic tissue; B: Mounts of vessel were in
mesenchyma, with hyaline degeneration present; C: Epithelioid tumor cell; D: Spindle-shaped tumor cell with bright or slightly eosinophilic granule. A, B, C and D:
Hematoxylin-eosin staining.

A

B

C

Figure 6 Immunohistochemistry. A: Tumor cells expressed HMB-45; B: Tumor cells are immunophenotypically positive for the melanocytic marker melan-A; C:
Tumor cells are immunophenotypically positive for the smooth muscle marker SMA. Original magnification × 200. A, B and C: Immunostaining.
[8]

after surgery . Therefore, it seems that the biological
behavior of the tumor is not related to the existence
of fat tissue. Immunostaining shows that PEComa
generally has both smooth muscle cells and evidence
[19]
of melanoma. Folpe’s
study indicated that HMB-45
is the most sensitive marker for melanoma cells (96%),
followed by melan-A (72%) and microphthalmiaassociated transcription factor (MiTF) (50%). In their
study, all cases expressed at least one marker of
melanoma cells and 80% of cases expressed smooth
muscle actin, especially in epithelioid cells. In the
reported cases of PEComa of the pancreas, only one of
[9]
the 13 cases did not express α-SMA , which was also
the only case of malignant PEComa in the pancreas
with epithelioid tumor cells. Therefore, we proposed

cases, the PEComa reported in our case was a solid
homogeneous nodule with a mainly clear boundary
and that only partially infiltrated to adjacent tissue.
Tumor cells that manifested during histological results
were mainly made up of clear cells or eosinophilic cells
with nested, fascial, or laminar distributions. Tumor
cells were epithelioid or spindle-shaped with plenty
of glycogen. Nucleolus atypia and small nucleolus
can be found in the tumor cells. Mounts of vessel
were in mesenchyma, with some tumor cells growing
around arteries. Adipose tissue, which would make
the diagnosis easier, is rarely presented in PEComa.
In the 12 previously reported cases of pancreatic
[8,11]
PEComa, adipose tissue was found in 2 cases
. In
one of the two cases, liver metastasis occurred 27 mo
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that the lack of smooth muscle expression may
serve as a malignant indicator of PEComa. All three
indicators previously reported in pancreatic PEComa
expression are as follows: HMB-45 (13/13), melan-A
(8/9), and α-SMA (12/13). Meanwhile, MiTF and CD63
were expressed in tumor cells. CD117 was positive in
a few cases. PEComa also expressed TFE3 and cyclin
D1, expressed desmin to a lesser extent, and did not
generally express S-100 and CK.
To date, the biological behavior and histologic origin
of pancreatic PEComas are unknown. Although the
pervasive concept is that PEComas are usually benign,
increasing reports indicate that PEComas may have
malignant potential, despite there being no consensus
[19]
in how to evaluate PEComa. In 2005, Folpe et al
suggested that a tumor which meets at least two
points of the following criteria should be considered
a malignant PEComa based on previous reports
about PEComa: (1) tumor diameter >50 mm; (2)
tumors with an invasive growth pattern; (3) tumors
that possess advanced nucleus and cell richness; (4)
mitotic count higher than 1/50 HPF; and (5) necrosis
and vascular infiltration. However, it is difficult to
confirm the accuracy of Folpe’s criteria in distinguishing
malignant PEComa from those that are benign, owing
[5]
to the rare cases of PEComa . In the 13 cases, only
[9]
one can be regarded as malignant PEComa according
to Folpe’s criteria, in which liver metastasis occurred
6 mo after surgery. However, this patient had a family
history of breast cancer and BRCA2 gene mutation.
The patient undertook radiotherapy and chemotherapy
because of breast cancer 10 years prior. Therefore,
whether malignant PEComa resulted from BRCA2
gene mutation or chemotherapy and radiotherapy
was unknown. Additionally, invasive PEComa cannot
be diagnosed as malignant, whereas multiple liver
metastases were found 27 mo after surgery in this
patient. More cases need to be analyzed in order to
evaluate the recurrent risk of PEComa and develop
an effective therapy. If histology results show some
malignant features, such as mitosis index, tumor cell
pleomorphism, and invasive growth, close patient
follow-up is then required.
In diagnosis and differential diagnosis, PEComas,
especially the type that mainly present with epi
thelioid cells or spindle-shaped cells, should be
distinguished from pancreatic clear cell neuroendo
crine tumor, solid pseudopapillary tumor, metastatic
renal clear carcinoma, metastatic gastrointestinal
stromal, metastatic melanoma, or soft tissue clear
[13]
cell sarcoma . (1) Clear cellular neuroendocrine
carcinoma: PEComa and clear cellular neuroendocrine
carcinoma are similar in morphology and feature
[20]
plenty of plasma and lipid droplets . They can be
distinguished by immunohistochemistry. Chromogranin
and synaptophysin are positive in clear cellular
neuroendocrine carcinoma, but negative in PEComa; (2)
solid pseudopapillary tumor: tumor cells are eosinophilic
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and neutrophilic, and papillary structure can be seen
under a microscope. Sometimes hemorrhagic necroses
are found inside the tumor. Immunohistochemi
cally, CK, CD56, synaptophysin, and β-catenin are
[21]
positive, while HMB-45 is negative ; (3) clear cell
carcinoma: cytokeratin is widely expressed in clear cell
carcinoma, while melanin is expressed in PEComa;
(4) gastrointestinal stromal tumor (GIST): epithelioid
cells mixed with spindle-shaped cells in both PEComa
and gastrointestinal stromal tumor, but a great deal of
vasoganglion and clear and eosinophilic tumor cells exist
in PEComa, which lacks fibroblast-like cells. PEComas
mostly do not express CD117, but in some cases do
express CD117 during immunostaining. Molecular de
tection shows no c-kit gene mutation. CD34 is positive
[21]
in GIST, while PEComa does not express CD34 ; (5)
metastatic melanoma: owing to positive expression of
melanin in PEComa, differential diagnosis is necessary
to distinguish PEComa from metastatic melanoma. In
most cases, it is possible to differentiate PEComa with
myogenic markers from metastatic melanoma with
s-100; and (6) alveolar soft part sarcoma: because of
its organ-like clear cell structure, it is also important to
differentiate PEComa from alveolar soft part sarcoma.
Alveolar soft part sarcoma is a malignant tumor which
often contains high levels of nuclear atypia and clear
nucleoli. Vascular invasion is common in alveolar soft
part sarcoma, which is only found in malignant PEComa.
Immunohistochemically, melanoma-derived markers
and myogenic markers are not expressed in alveolar
soft part sarcoma.
Currently, EUS-FNA serves as one of the most
important preoperative diagnosis methods, and is
widely used in clinical diagnosis. In the aforementioned
13 pancreatic PEComa cases, 9 performed EUS-FNA
examination prior to operation. However, 5 cases
could not be diagnosed clearly. Therefore, when
a cell arrangement and shape resembling that of
neuroendocrine tumor is visible under microscope, we
must take into account the possibility of PEComa.
In conclusion, as an unusual tumor deriving from
mesenchyma, PEComa of the pancreas is always benign.
Cases concomitant with TSC or other syndromes have
not yet been reported. Complete surgical resection is
the main treatment for PEComa, although the necessity
of resection and the timing of surgical treatment are
relatively limited. Furthermore, for cases with huge
inoperable tumors and multiple metastases, effec
tive treatment is lacking, as the effect of traditional
radiotherapy and chemotherapy is poor. Wagner et
[22]
al
reported three cases of malignant PEComa that
reacted to mTOR inhibitor sirolimus radiological exami
nation, indicating that mTOR inhibitor may serve
as a candidate for future targeted chemotherapy
drugs, although further study is needed. For benign
PEComa, it is recommended that regular patient followup be performed, while aggressive therapy is not
recommended.

3698

April 7, 2016|Volume 22|Issue 13|

Jiang H et al . A rare case of pancreatic PEComa

COMMENTS
COMMENTS
Case characteristics

A 50-year-old female patient admitted to hospital because of abdominal
ultrasound findings of a space-occupying lesion in the head of pancreas, which
could not be clearly diagnosed.

7

Clinical diagnosis

8

Upon physical examination, the patient had no clinical abnormalities and was
diagnosed with a pancreas head mass according to the previous diagnosis.

Differential diagnosis

Pancreatic clear cell neuroendocrine tumor, solid pseudopapillary tumor,
metastatic renal clear carcinoma, metastatic gastrointestinal stromal, metastatic
melanoma, or soft tissue clear cell sarcoma.

9

Laboratory diagnosis

10

Laboratory tests showed no abnormal values.

Imaging diagnosis

Contrast-enhanced computed tomography scan, magnetic resonance imaging,
and endoscopic ultrasound all revealed a space-occupying lesion in the uncus
of the pancreas.

11
12

Pathological diagnosis

By cytological, histological, and immunohistochemical examination, the
pathological diagnosis was of perivascular epithelioid cell tumor (PEComa), 2
cm × 2 cm × 1 cm, in the head of the pancreas.

13

Experiences and lessons

PEComa originating from the pancreas is very rare and we reveal the
clinicopathological features of it. Caution is needed in order to differentiate
this entity from other pancreatic tumors, especially pancreatic clear cell
neuroendocrine tumor, solid pseudopapillary tumor, metastatic renal clear
carcinoma, metastatic gastrointestinal stromal, metastatic melanoma, and soft
tissue clear cell sarcoma.

14

15

Peer-review

16

This article highlights the clinical characteristics of PEComa of the pancreas
and offered an excellent methodology to diagnose the disease. The information
in this article is worthwhile to the reader.
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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

Pradyumna K Mishra, Mumbai
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

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
Zoltan Rakonczay, Szeged
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
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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

IV

Jacob Yahav, Rehovot
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
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Massimo Falconi, Ancona
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
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TOPIC HIGHLIGHT
2016 Liver Transplantation: Global view

From prolonging life to prolonging working life: Tackling
unemployment among liver-transplant recipients
Fredrik Åberg
studies published after year 2000, the average postLT employment rate is 37%, ranging from 22% to
55% by study. Significant heterogeneity exists among
studies. Nonetheless, these employment rates are
lower than in the general population and kidneytransplant population. Most consistent employment
predictors include pre-LT employment status, male
gender, functional/health status, and subjective work
ability. Work ability is impaired by physical fatigue and
depression, but affected also by working conditions and
society. Promotion of post-LT employment is hampered
by a lack of interventional studies. Prevention of
pre-LT disability by effective treatment of (minimal)
hepatic encephalopathy, maintaining mobility, and
planning work adjustments early in the course of
chronic liver disease, as well as timely post-LT physical
rehabilitation, continuous encouragement, self-efficacy
improvements, and depression management are
key elements of successful employment-promoting
strategies. Prolonging LT recipients’ working life would
further strengthen the success of transplantation, and
this is likely best achieved through multidisciplinary
efforts ideally starting even before LT candidacy.
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Core tip: Outcomes after liver transplantation are
steadily improving and transplant recipients are
increasingly able to resume normal life. However,
a considerable number of recipients are unable to
resume work, and this represents an increasing
challenge in the field of liver transplantation. This
paper discusses possible barriers to post-transplant
employment, and means to increase return-to-work
among liver transplant recipients.

Abstract
Return to active and productive life is a key goal of
modern liver transplantation (LT). Despite marked
improvements in quality of life and functional status,
a substantial proportion of LT recipients are unable
to resume gainful employment. Unemployment forms
a threat to physical and psychosocial health, and
impairs LT cost-utility through lost productivity. In
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resume work after LT.

Åberg F. From prolonging life to prolonging working life:
Tackling unemployment among liver-transplant recipients. World
J Gastroenterol 2016; 22(14): 3701-3711 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3701.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3701

OCCUPATIONAL RESTRICTIONS AFTER
LT
Return to work is usually allowed once incisions have
[11]
healed and the patient is able to perform daily activities .
Potential occupational restrictions include medical
and surgical complications, such as risk for hypo
glycemia with post-transplant diabetes, and infection
susceptibility secondary to immunosuppression.
However, “hard data” are lacking. The American Society
of Transplantation Infectious Diseases Community
[12]
of Practice group
identified risk occupations being
working with animals (especially during maximal
immunosuppression), health care work, construction
work, and outdoors work. Nonetheless, there are few
guidelines to guide decisions regarding occupational
[12]
restrictions, and the group
recommends indivi
dualized occupation counseling with the notion that
the vast majority of jobs can be made safer by simple
measures including vaccination, wearing masks,
and reassignment to other duties during periods of
intensified immunosuppression.

INTRODUCTION
Liver transplantation (LT) has been established therapy
for various end-stage liver diseases for more than 3
decades. With around 90% of LT recipients currently
[1,2]
surviving the first postoperative year
and with
the subsequent life expectancy now exceeding 20
[3,4]
years , functional outcomes and quality-of-life issues
are attracting increased attention. The goal of modern
LT can no longer be considered merely to prolong
survival, but to achieve complete functional recovery
and psychosocial re-integration with a return to active
and productive life.
Questionnaire-based studies demonstrate com
parable quality of life of LT recipients and in the general
population with some deficits mainly in physical
[5,6]
dimensions . In spite of this, a substantial proportion
of LT recipients are unable to resume gainful employ
ment, which can be regarded as an objective and rough
indicator of quality of life and functional outcome.
In this context, the relevance of employment
depends on the point of view. From the patient’s per
spective, being employed is associated with better
[6,7]
quality of life
, increased sense of confidence,
[8]
structure, purpose and meaning , improved psy
chosocial adaptation, financial stability, and a more
[9]
balanced equilibrium in the family system . From the
transplant professional’s perspective, employment
serves as a surrogate marker of patients’ functional
status, and as such becomes a relevant outcome
parameter. From the societal/payer perspective, employ
ment improves LT cost-utility by reducing costs from
lost productivity, and thus high post-LT employment
rates can support the rationale for transplantation
funding.
The most comprehensive review of employment
[10]
after LT by Bravata et al
published in 2001 included
82 studies from the 1980s and 1990s. They reported
that, respectively, 33% of patients with underlying
alcoholic liver disease (ALD) and 80% with non-ALD
had resumed work at 3 years post-LT. Since then, the
landscape of LT has evolved, with changing patient
characteristics, and quality-of-life and employment
issues have assumed increased focus in clinical practice.
This review, with a focus on studies published after
year 2000, summarizes current employment rates
after LT, factors associated with (un)employment, and
potential strategies to support and promote ability to

WJG|www.wjgnet.com

EMPLOYMENT RATES AFTER LT
Studies from 8 countries (United States, Europe and
Taiwan), published after year 2000, have reported
employment rates after LT (Table 1). The non-weighted
average employment rate in these studies is 37%,
ranging from 22% to 55% by study (Table 1). The
average employment rate is similar in US and nonUS studies: 38% (range 24%-55%) and 37% (range
22%-53%), respectively. A corresponding average
rate weighted by study-sample size virtually equals
[13]
that reported by Huda et al
from the United States
as this study comprised 21942 patients, more than
11-times the size of the remaining studies combined.
Relevant differences among these studies include
the variable time-point of employment assessment
relative to LT, patient age distribution, exclusion or
inclusion of retirees, mixture of liver-disease etiologies,
definition of employment, structure of the welfare
system and generosity of disability benefits across
countries, and post-transplant rehabilitation measures.
Definition of employment lacks standardization and
differs in, for instance, the inclusion of full-time vs
part-time employment and inclusion of students and
homemakers. Moreover, there is paucity of recent
data on qualitative aspects of employment: ability to
return to the same type of work and income level,
and the effects of physical demands of the work. No
recent qualitative studies were identified that analyzed
pre- to post-transplant changes in ability to perform
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Table 1 Employment rates after liver transplantation in studies published after year 2000
Year

Author

Country

Patient number

Employment rate

Mean age (yr)

Follow-up (mo)

Ref.

2014
2012
2011
2010
2010
2009
2007
2006
2006
2006
2005
2004
2004
2003
2001

Weng
Huda
Gorevski
Duffy
De Baere
Åberg
Saab
Sargent
Sahota
Kirchner
Rongey
Blanch
Cowling
Karam
Moyzes

Taiwan
United States
United States
United States
Belgium
Finland
United States
United Kingdom
United States
Germany
United States
Spain
United States
France
Germany

106
21942
91
77
63
353
308
60
105
23
186
126
152
125
103

45%
24%
38%
35%
38%
44%
27%
37%
49%
26%
55%
33%
36%
53%
22%

54
56
58
55
51
35
54
48
55
56
53
51
47

43
< 24
> 240
96
52
36
34
62
41
12
53
120
77

[16]
[13]
[29]
[53]
[14]
[6]
[17]
[54]
[18]
[55]
[15]
[56]
[20]
[57]
[58]

Table 2 Employment rates after kidney transplantation in studies published after year 2000
Year

Author

Country

Patient number

Employment rate

Mean age (yr)

2014
2014
2012
2012
2012
2011
2010
2008
2007
2006
2002
2002
2000
2000

Tzvetanov
Nour
Helanterä
Eng
Chisholm-Burns
Van der Mei
De Baere
Bohlke
Raiz
Van der Mei
Griva
Baines
Gross
Ostrowski

United States
Canada
Finland
United States
United States
Netherlands
Belgium
Brazil
United States
Netherlands
United Kingdom
Scotland
United States
Poland

71976
60
1818
204
75
34
79
272
411
239
347
49
87
80

22%
38%
40%
56%
39%
67%
59%
29%
49%
52%
56%
18%
30%
74%

49
49
48
48
51
56
41-44
47
50
47
36
40
18-60

> 12
84
> 24
44
77
35-43
63
46
103
12
36
47

[14]

homemaker or student duties.

by the findings of De Baere et al
who reported
similar or lower rates of participation in voluntary
work in the transplant population (17.4%) than in the
general population (21.5%).
Of note, comparisons of employment with the
general population have not been adjusted for social
class, education level, or occupation. These limitations
notwithstanding, there is a clear discrepancy in that
the majority of LTs are performed on working-aged
adults during their most productive years, and 87%
of recipients reported improved working/functional
[6]
capacity after LT in one study ; yet, consistently more
than 60% of LT recipients do not resume work.

EMPLOYMENT COMPARED TO OTHER
POPULATIONS
In kidney transplant populations, reported employment
rates have varied among studies from 18% to 74%,
with the non-weighted average of 46% (Table 2)
being somewhat higher than the 37% in LT population
studies. A Belgian study comparing employment rates
among different transplant types reported the highest
rate among recipients of a kidney (59%), followed by
[14]
heart (44%), liver (38%), and lung (28%) . All rates
fell below the rates in the Belgian general population
(62%), but, except for kidney recipients, the rates
also fell below those in the general population among
persons with functional limitations (handicap or chronic
[14]
physical or mental illness; 50%) .
It can be argued that this shortfall in employment
among transplant recipients may in part be because
illness may change a person’s values and life priorities,
and transplant recipients might therefore decide
to participate in other roles that provide them with
meaning. Such an effect, however, was not supported
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Follow-up (mo)

PREDICTORS OF EMPLOYMENT
Various factors with variable definitions have been
evaluated for associations with post-LT employment.
The most consistent univariate predictors of employ
ment, confirmed in at least 3 independent studies,
include young age, male gender, etiology of liver
disease, pre-transplant employment, and good
functional/health status (Figure 1). Pre-transplant
income level, subjective work ability, depression and
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Significant

Univariate factors
Young age
Male
Etiology of liver disease
Pre-transplant employment
Pre-transplant income level
Education level
Functional/health status
Subjective work ability
Depression
Disability status
Type of insurance
Lack of diabetes

Multivariate factors
Young age
Male
Etiology of liver disease
Pre-transplant employment
Pre-transplant income level
Education level
Functional/health status
Subjective work ability
Depression
Disability status
Type of insurance
Lack of diabetes
0

1

2

3

4

5

6

7

8

Number of studies

Figure 1 Predictors of employment after liver transplantation. Piles show the number of studies in which the variable was studied, and the dark proportion
indicates the number of studies in which the variable was statistically significantly associated with employment. Univariate data are from references [6,13-18,20,29] and
multivariate data from references[13-17].
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disability status were significant predictors in 2 studies
each. The influence of education level, type of insurance
(in US studies), and presence of diabetes remains
controversial (Figure 1).
Few studies performed multivariate analyses, the
majority of which are from the United States (Figure
[13-17]
1)
. The most robust multivariate data were
generated from a US study based on United Network
for Organ Sharing data studying employment within
[13]
24 mo after LT between 2002 and 2008 ; young age,
male gender, higher education level, pre-transplant
employment, absent alcoholic liver disease, and good
functional status emerged as independent positive
predictors of post-transplant employment.

Few series have analyzed employment among
patients transplanted for acute liver failure. In one
[19]
series
with the acute liver failure group (n = 76)
comprising a relatively high proportion of young
patients (mean age 46 years) and very few intoxi
cations, 61% of recipients were unemployed after LT,
and early retirement secondary to disability was the
most common reason. This is surprising as patients
with acute liver failure are usually healthy and in the
workforce before the onset of liver failure rapidly
leading to LT. Therefore, patients with ALF emerge as
relevant targets for enhanced post-LT rehabilitation
efforts.
Severity of liver disease as assessed by the Model
for End-stage Liver Disease (MELD) score seems to
have no impact on post-LT employment according to
[13,15,17]
[21]
US studies
. In a Finnish series , we observed a
drop in post-LT employment rates from 57% at MELD
scores < 15 to 36%-39% at higher LT-day MELD
scores.

Age and gender

In a 2009 Finnish study, more than 80% of recipients
aged 20-29 at the time of LT were able to resume
work after LT, compared with less than 30% among
[6]
recipients aged over 50 . Moreover, younger patients
were more often able to resume work within 6 mo
[6]
from the transplant operation . Being close to
retirement age might both decrease willingness to
try to resume work and, in some countries, permit
disability pension on more lenient grounds. In addition,
age-related work discrimination might exist among
employers.
Higher employment rates among male recipients
may, in part, be explained by the fact that many
studies have categorized homemakers as unemployed.

WORK ABILITY AND DISABILITY
Additional employment predictors including functional/
health status, subjective work ability, and disability
status broadly depict the same concept, namely work
ability and disability. From an occupational health
perspective, work ability is influenced by individual
resources, working conditions, and society (Figure
[22]
2) .

Individual resources

Pre-transplant employment

In US and Finnish studies, 60%-76% of unemployed
LT recipients reported disability or early retirement due
[6,15,18]
to poor health as the cause for unemployment
,
but the aspects of health and functional status that
impair LT recipients’ work ability are incompletely
understood. LT patients in the workforce have better
[6]
health-related quality of life than those unemployed ,
chiefly attributed to differences in physical health
[17,23]
[23,24]
dimensions
and fatigue
.
Fatigue, which affects up to 60% of LT recipients
[24]
and in its severe form almost half , is more physical
fatigue and reduced activity than mental fatigue or
[25]
reduced motivation . Fatigue may trigger a vicious
circle, leading to inactivity and thus reduction in
physical fitness, thereby further increasing fatigue.
[26]
Fatigue seldom resolves by itself , and no clear
association has been found with post-LT medical
[24]
complications or immunosuppression .
In the general population, depression is a key
[27]
cause worldwide of long-term disability . Up to
40% of LT recipients exhibit features of depression,
and depressive symptoms are likely underrecognized
[28]
among LT candidates as well . Depression has been
associated with unemployment and reduced survival
[16,29-32]
after LT
.

In multivariate analyses, pre-LT employment emerges
as the strongest and most consistent predictor of postLT employment (Figure 1) with patients employed
pre-LT 2.4-7.5-fold more likely to resume work after
[13-15]
LT than those unemployed
. Moreover, the longer
the pre-LT disability period, the lower the likelihood
[18]
[18]
of resuming work . Sahota et al
further reported
that patients with “low-skill” jobs were less likely to
return to work than were executives, administrators,
managers, or technicians.

Liver-disease etiology and severity

Employment rates seem to vary by liver-disease etio
logy with the highest rates commonly seen among
patients transplanted for cholestatic disease (primary
[13,19]
biliary cirrhosis and primary sclerosing cholangitis)
.
Patients transplanted for ALD generally exhibit some
what lower employment rates than other patients,
[13]
but this difference is diminishing in recent series
compared to the difference of 33% vs 80% reported by
[10]
Bravata et al in their 2001 review. Furthermore, such
[15,20]
a difference has not been observed in all studies
,
and one series found 2.5-fold higher rates among
patients transplanted for ALD compared to primary
[19]
biliary cirrhosis after adjusting for age .
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Individual resources
Health
Functional capacity
Generic and specific education
Skills
Motivation

Society
Employment protection laws
Welfare system
Universal health care access
Fiscal structure

Working conditions
Environment
Physical and mental demands
Psychosocial factors
Employer characteristics
(flexibility, support)

Figure 2 Work ability is a dynamic concept influenced by factors related to individual resources, working conditions and society. Figure constructed based
on concepts presented by Ilmarinen et al[22].

Working conditions

[36]

benefits are fixed-term or permanent . In most
countries, however, the annual outflow from disability
[36]
pension is very low, < 1% . An exception is United
Kingdom with annual outflow around 7%, which is
attributed to routine reassessments over time of the
[36]
entitlement to benefits . In addition, among disability
beneficiaries who exited the benefit (excluding ageretirement), employment rates 3 year later vary from
[36]
10% in Germany to 61% in the United Kingdom .
When viewed against these general-population rates,
the shortfall in employment among LT patients appears
much less pronounced.

In chronic illness and disability, suitable workplace
modifications, employer support, and flexible sickleave practices contribute to participation in paid work
[33,34]
in general
, but specific data for LT populations
are scarce. One recent study reported that 58% of LT
recipients were fit for the job performed pre-LT, and
74% would have been fit for the job with some work
adjustments such as fixed shift or reduced working
[35]
hours .

Society and socioeconomic aspects

In many countries, disability benefits and early
retirement serve to secure financial stability and
healthcare access. This is pronounced in the United
States, where health insurance is separated in private
(usually obtained from the workplace or spouse) and
public (e.g., Medicaid). As long-term access to public
health insurance is conditional to eligibility for disability
benefits or full-age retirement, LT recipients with poor
earning prospects and inability to obtain private health
insurance may restrain from seeking work and rely
on disability income to secure health-care access. In
concordance, 12%-20% of unemployed LT recipients
in US studies reported they were not working due to
[15,18]
fear of losing insurance coverage
.
Clearly, the concept of post-LT disability extends
beyond medical health status, but there are wide
differences in pension policies across countries: in the
access to benefits, generosity of benefits, and whether
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STRATEGIES TO PROMOTE POST-LT
EMPLOYMENT
Promotion of post-LT employment is hampered by
absent interventional studies. Given the variable and
individual needs and barriers to resuming work, no
single intervention will expectedly benefit all patients.
Of the established employment predictors discussed
above, pre-LT work ability, post-LT functional status
and work ability, fatigue and depression are potentially
modifiable and therefore represent targets for
employment-promoting interventions.

Pre-transplant work ability

In advanced liver disease, patient work performance
may be compromised by liver-related symptoms
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Period

Goal

Intervention

Pre-transplant

Maintain work ability
and employment as
long as possible

Maintaining mobility by effective treatment of ascites and
edema, and physiotherapy to prevent sarcopenia and improve
muscle strength
Management of (minimal) hepatic encephalopathy
Occupational health specialist engagement
Planning of work adjustments pre- and post-LT
Encouragement to continue working and maintaining the
goal to resume work post-LT
Evaluation of partial disability benefits

Immediate post-LT
period
(weeks-few months)

Physical and mental
recovery

Individualized rehabilitation aiming especially for improving
physical function
Home training programme vs rehabilitation facility
Optimization of timing

> 2-3 mo post-LT

Shift in focus from
recovery to re-engagement
with life
(LT "patient" → LT "recipient")

Encouragement, support
Stress/depression management
Addressing of fears and perceived barriers to rehabilitation
Referral to community employment-support services
Routine re-evaluation of disability benefits

Figure 3 Supporting employment and work ability in the liver transplantation setting - key goals and potential interventions at different time periods.

such as fatigue, covert (minimal) or overt hepatic
encephalopathy (HE), and impaired mobility secondary
to decreased muscle strength, ascites and edema.
Ascites and minimal HE are key drivers of impaired
health-related quality of life among nonhospitalized
[37]
cirrhotics and features of HE, as assessed by cognitive
tests, are independently associated with unemploy
[38]
ment . A Dutch study reported that regular employ
ment was absent in nearly half of cirrhotic patients
with minimal HE compared to 15% of patients without
[39]
minimal HE . Minimal HE causes impairment in
social interaction, alertness, memory, information pro
cessing, judgment, sleep, work, home management,
and coordination and psychomotor skills such as
[40]
[41]
driving a car . Recent guidelines
state that neuro
psychological testing for minimal/covert HE could
be applied to patients with impaired quality of life or
implication on employment, and that treatment for
minimal HE should be considered on a case-by-case
basis. Interventional studies using lactulose or rifaximin
have shown high rates of reversal of minimal HE and
[42,43]
improvement in both quality of life
and driving
[44]
simulator performance .
Effective control of ascites and edema is important
in maintaining mobility, and exercise programs may be
[45]
beneficial also in advanced liver disease .
Collaboration with occupational-health specialists
early in the course of liver disease to plan possible job
modifications both before and after LT and to educate
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employers about liver disease and LT can help maintain
work when the patient later becomes decompensated
and a candidate for LT. At this point, partial disability
benefits, instead of full disability benefits, may offer
the opportunity to retain a job to return to after LT.

Rehabilitation

Early post-LT assessment of needs for physiotherapy
is imperative to reverse muscle wasting and decon
ditioning from the pre-LT period. Patients with
strong adaptive capacity might be able to make
adjustments independently, whereas those with less
adaptive capacity may need assistance, for instance,
[46]
via dedicated rehabilitation clinics . Cirrhosisrelated hyperdynamic circulation and functional and
structural cardiac alterations usually resolve within
[47]
6-12 mo post-LT
and risk for incisional hernias
secondary to abdominal muscle strains decreases
[11]
after 6 mo ; these are important considerations for
timing of different rehabilitation measures. The most
appropriate type of exercise training in transplant
[48]
recipients has not been well studied . Preliminary
study showed that a 12-wk fatigue-reducing physical
rehabilitation program with supervised exercise
training and repeated physical-activity counseling
sessions was effective in improving severe fatigue and
several other aspects of health including questionnaire[49,50]
based measures of work ability
. However, whether
rehabilitation efforts truly translate into better work
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ability and higher post-LT employment rates remains
unproven.

transplantation decreases dramatically. The concerning
fact, found in some healthcare settings, that LT
recipients may choose to stay on disability income for
fear of losing financial security and healthcare access,
calls for a change in policy, to remove the barriers that
require LT recipients to choose between healthcare
coverage and work. Transplant professionals, social
workers and patient organizations can have a key role
in initiating such change in policy.

Re-engagement with life
[8]

Nour et al interviewed kidney-transplant recipients
for their recommendations on how to improve employ
ment. Of respondents, 39% recommended further
encouragement from the transplant team, and 57%
called for rehabilitation programs with a focus on
[8]
returning to work . Screening for and management
[28]
of depression is also important , as are efforts to
[51]
increase self-efficacy . The need for employmentsupport services available in the community should be
assessed in collaboration with social workers.
Countries that target resources towards matching
workers with jobs, retraining opportunities and
occupational rehabilitation exhibit higher employment
[52]
rates among chronically ill persons in general .
Health-political discussion is warranted to strive to
remove the barriers that require transplant recipients
to choose between healthcare coverage and work.
Financial encouragements for resuming work while
maintaining easy access back to sickness benefits if
[14]
medical problems ensue have been proposed .
Figure 3 provides a framework of elements at
different time periods that, based on current evidence,
deserve be incorporated in effective back-to-work
programs. Patients transplanted for acute liver failure,
those unemployed before LT, and young LT recipients
who remain unemployed for 6 mo post-LT emerge as
distinct targets for intensified vocational rehabilitation
measures. It needs be acknowledged, however, that
this framework is not evidence-based, owing to absent
interventional studies. As patient needs and barriers to
resuming work are highly individual and multifaceted,
the contents of back-to-work programs will be difficult
to scientifically quantify, and reproducing effective
programs at another locale is likely a very challenging
task.
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Elastography for the pancreas: Current status and future
perspective
Natsuko Kawada, Sachiko Tanaka
and shear wave elastography. The stiffness of
tissue is estimated by measuring the grade of strain
generated by external pressure in the former, whereas
it is estimated by measuring propagation speed
of shear wave, the transverse wave, generated by
acoustic radiation impulse (ARFI) in the latter. Strain
elastography is difficult to perform when the probe,
the pancreas and the aorta are not located in line.
Accordingly, a fine elastogram can be easily obtained in
the pancreatic body but not in the pancreatic head and
tail. In contrast, shear wave elastography can be easily
performed in the entire pancreas because ARFI can
be emitted to wherever desired. However, shear wave
elastography cannot be performed by EUS to date.
Recently, clinical guidelines for elastography specialized
in the pancreas were published from Japanese Society
of Medical Ultrasonics. The guidelines show us technical
knacks of performing elastography for the pancreas.
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Core tip: Elastography for the pancreas had been
considered to be difficult to perform with adequate
accuracy and reproducibility because the pancreas is a
small organ located deep in center of the human body.
This review introduces the recent innovation of elasto
graphy for the pancreas, and makes recommendations
on how to use various elastographic modalities for
the pancreas. The review also shows us what we can
know by performing elastography for the pancreas.
Elastography may be a promising imaging modality for
differential diagnosis between malignant and benign
pancreatic tumors, for early diagnosis of chronic
pancreatitis, and for identifying high-risk patients for
pancreatic cancer.
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Abstract
Elastography for the pancreas can be performed by
either ultrasound or endoscopic ultrasound (EUS).
There are two types of pancreatic elastographies based
on different principles, which are strain elastography
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status and future perspective. World J Gastroenterol 2016;
22(14): 3712-3724 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i14/3712.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i14.3712

is positive correlation between the propagation speed
of shear wave (shear wave velocity) and the stiffness
of target tissue: the faster the shear wave velocity,
the harder the target tissue is. Theoretically, ARFI can
be emitted to the entire pancreas wherever desired.
However, passive strain of the pancreas caused by
aortic pulsation can interfere with ARFI, especially in
the pancreatic body. The strength of ARFI is limited
[17]
to ensure safety , therefore, adequate shear wave
may not be generated for a hard pancreatic tumor.
In addition to that, no one knows if ARFI is used with
[18-20]
contrast enhanced material in safety
. Shear wave
elastography cannot be performed by endoscopic
ultrasound (EUS) to date.
In the past, biopsy specimens had been difficult to
obtain from the pancreas. Recently, a novel technique,
EUS guided-fine needle aspiration (EUS-FNA) was
established, and now it is frequently performed for
[21-26]
the pancreas in clinical practice
. However, the
specimens obtained by EUS-FNA from the pancreas are
much smaller compared to those obtained by fine needle
biopsy from the liver. Also, EUS-FNA can cause serious
[26-28]
adverse events such as severe pancreatitis
and
[29]
needle track seeding . Thus, it is still crucial to develop
a non-invasive imaging modality as elastography for
the pancreas. For the widespread clinical application,
elastography for the pancreas must meet conditions
such as adequate reproducibility, operator independency,
and accuracy as high as it can reflect histological
structure. However, there are little studies investigating
these issues.
Although there are still a considerable number of
issues remained to be solved, elastography for the
pancreas is a promising imaging modality because of
its non-invasive nature. For the better understanding
of elastography for the pancreas for readers who are
not experts of the pancreas, this report introduces only
the elastographies which have already been reported
in the literature. Thus, we should add that other
promising elastographic modalities are also available,
which are not introduced in this report.

INTRODUCTION
Elastography is an imaging modality which evaluates
the stiffness of organs. There are a considerable
number of studies assessing the usefulness of elasto
[1]
graphy for superficial organs including the breast and
[2]
the thyroid and for the liver in the field of digestive
[3-6]
systems
. Recently, the clinical guidelines for
elastography mainly focused on the liver and the breast
were published from Japanese Society of Ultrasound
[7,8]
in Medicine , European Federation of Societies for
[9]
Ultrasound in Medicine and Biology , and World
[10,11]
Federation for Ultrasound in Medicine and Biology
.
In contrast, there are far fewer studies evaluating its
usefulness for the pancreas. Because pancreas is a
small organ locates deep in center of the human body,
it is not easy to perform elastography for the pancreas
with adequate accuracy and reproducibility. In addition
to that, it is not easy to confirm if an elastogram of
the pancreas truly reflects the histological structure
because obtaining biopsy specimens from the pancreas
is difficult. In 2015, clinical practice guidelines for
elastography specialized in the pancreas were published
[12]
from Japanese Society of Medical Ultrasonics . The
guidelines show us not only the recent studies but also
technical knacks of performing elastography for the
pancreas, and hence these guidelines are very useful
for clinical practice.
Historically, clinical application of elastography had
[13,14]
begun with strain elastography
. Strain elastography
estimates the stiffness of target tissue by measuring
[15,16]
the grade of strain generated by external pressure
.
There is negative correlation between the grade of
strain and the stiffness of target tissue: the greater
the strain, the softer the stiffness of target tissue is.
Because manual compression is ineffective for the
pancreas, the strain must be generated by aortic
pulsation. Ideally, the target tissue should be located in
line between the probe and the aorta in order to obtain
adequate strain for elastography: A fine elastogram
can be easily obtained in the pancreatic body, except
for the patients with severe arteriosclerosis. In
contrast, a fine elastogram cannot be obtained often in
the pancreatic head and tail.
Shear wave elastography is another elastography
based on a different principle. Shear wave elastography
emits the focused ultrasound, so called acoustic
radiation force impulse (ARFI), from the probe to the
target tissue. Consequently, the transverse wave,
so-called shear wave, is generated by ARFI, and the
stiffness of the target tissue is estimated by measuring
the propagation speed of shear wave (Figure 1). There
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ELASTOGRAPHY FOR THE PANCREAS
US-elastography - Strain elastography

US-elastography is a non-invasive imaging examination
which can be performed by not only physicians but
also medical technicians. Therefore, US-elastography
seems to be an appropriate imaging modality for
screening numerous asymptomatic. Because periodical
screening of high-risk group, even though they are
asymptomatic, is known to be necessary for early
[30]
detection of pancreatic cancer , US-elastography can
be a candidate for this periodical screening strategy.
Historically, clinical application of US-elastography
TM
had begun with Real-time Tissue Elastography (RTE)
[13,14]
produced by Hitachi Aloka
. In the conventional RTE,
only qualitative diagnosis using color map was possible
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Acoustic radiation
force impulse

Shear wave

Figure 1 Measurement principle of shear wave elastography. Acoustic radiation force impulse is emitted from the probe to the target tissue. Accordingly, the
transverse wave, so-called shear wave, is generated. The propagation speed of shear wave is measured by the detection pulse transmitted from the probe.

Figure 2 Qualitative diagnosis in US-Real-time Tissue ElastographyTM. A hypoechoic tumor was seen at the pancreatic tail in B-mode (right). In Real-time Tissue
ElastographyTM, blue color is seen on the tumor, green color is seen on non-tumorous area of the pancreas, and red color is seen at ventral side of the pancreas (left).

(Figure 2). In the color map of RTE, the hardest tissue
is displayed as blue, and the softest tissue is displayed
as red. In RTE, it is known that elastogram cannot
be obtained, or some artifacts will be seen for fluid
component as cyst, therefore, pancreatic cystic lesions
cannot be evaluated by RTE.
[31]
Uchida et al
published the first report evaluating
the usefulness of US-elastography for the pancreas in
2009. They reviewed elastograms performed for 10
normal pancreas, 5 pancreatic ductal adenocarcinomas,
2 endocrine tumors, and 5 chronic pancreatitis, and
reported the typical color map observed in US-RTE as
follows: homogeneous color was observed in normal
pancreas, markedly hard area with soft spots was

WJG|www.wjgnet.com

observed in pancreatic ductal adenocarcinoma, uniform
and soft comparable to parenchyma was observed
in neuroendocrine tumor, and mixture of various
colors was observed in chronic pancreatitis. Moreover,
they performed US-RTE for 53 pancreatic tumors
prospectively, and reported that diagnostic accuracy
of B-mode alone was about 70%-80%, while that of
combination with US-RTE was more than 90%.
Because qualitative diagnosis using color map was
subjective and highly operator dependent, quantitative
diagnosis using strain ratio was established since the
second-generation RTE (Figure 3). Strain ratio is defined
as the ratio of the strain of reference tissue (B) divided
by the strain of target tissue (A), so that the strain
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Figure 3 Quantitative diagnosis in US-Real-time Tissue ElastographyTM. A hypoechoic tumor is seen at the pancreatic tail in B-mode (right). Region of interest
(ROI) [A] is set on the tumor, and ROI [B] is set on read area around the pancreas (left). By setting ROI [A] and [B], strain [A], strain [B], and strain ration [B/A] were
calculated automatically and displayed at the bottom of the screen (left).

with the same body position during examination before
and after chemo-radiation therapy. They concluded
that treatment effect evaluated histologically after
chemo-radiation was greater in the group with much
reduced strain ratio than that in the group with less
reduced strain ratio.
EUS was used in most reports evaluating RTE for
the pancreas, as described later. A fine B-mode image
is required for a fine elastogram, and generally a fine
B-mode image is obtained within 6 cm in depth from
the body surface in US. Therefore, elastogram cannot
be obtained if the pancreas locates deep from the body
surface, for example, in the obese. These problems
will occur less frequently in EUS because the distance
between the probe and the pancreas is shorter in EUS
compared to that in US. In addition to that, B-mode
image is easily affected by gastrointestinal gas in US,
while it occurs infrequently in EUS. However, US-RTE is
still considered to be a promising imaging examination
for the selective patients due to its non-invasive
nature.
There are also other promising US-elastographies,
TM
which are Elastography (GE) (Figure 5), and Elasto
TM
graphy (Toshiba) (Figure 6). However, there are no
studies evaluating the usefulness of these instruments
to date. Further information of these instruments is
[12]
available in the guidelines . These instruments are
not available in EUS.

of target tissue can be digitalized. Strain ratio is the
conversion of the theory called ‘‘fat lesion ratio’’ reported
in the breast, which means the ratio of the strain of
fat around the mammary gland divided by the strain
of target tissue. This theory is based on the idea that
[32]
stiffness of fat is almost equal in different individuals .
However, there is no consensus where to set reference
area for the pancreas instead of fat around the
mammary gland for the breast. Some investigators set
reference area on non-tumorous area inside pancreatic
[33,34]
parenchyma
, and the other investigators set
reference area on red area around the pancreas which
[35,36]
was estimated as fat
(Figure 4) . However, there is
no evidence if red area around pancreas is really fat. It
is known that strain ratios calculated for the same target
tissue quite differ according to wherever the reference
area is set.
[33]
Kawada et al
performed the second-generation
US-RTE for consecutive 36 solid pancreatic tumors.
They reported that strain ration was higher in ductal
adenocarcinomas compared to that in benign tumors,
and different color patterns were observed between
ductal adenocarcinomas of < 25 mm and those of
≥ 25 mm. The cutoff levels of strain ratio optimal
for differential diagnosis between malignancy and
[34-36]
benignancy are quite different in each report
,
indicating RTE is highly operator dependent and lacks
adequate reproducibility. Because the pancreas locates
deep in center of the body, patients’ body shape
and body position during examination may affect
measuring the strain ratio. In order to minimize such
effects associated with patients’ body shape and body
[37]
position, Kawada et al
compared the strain ratios
obtained from the same pancreatic cancer patients

WJG|www.wjgnet.com

US-elastography - Shear wave elastograhy

Because manual compression is not effective for the
pancreas which locates deep in center of the body, the
strain must be generated by aortic pulsation. Therefore,
a fine elastogram cannot be always obtained depending
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Figure 4 Setting the different reference area in a case of pancreatic tail tumor. Strain ratio quite differs according to the reference area: When the reference area
is set on non-tumorous area of the pancreas, strain ration is calculated as 13.67 (upper). When the reference area was set on read area around the pancreas, strain
ration is calculated as 46.62.
[38]

on the location of the pancreas in strain elastography.
In contrast, emission of ARFI is possible for entire
pancreas wherever desired in shear wave elastography.
Therefore, shear wave elastography is considered as
a break-through in the history of elastography for the
pancreas.
TM
Virtual Touch Quantification (VTQ) produced by
Siemens is a representative instrument of shear wave
elastography. VTQ shows the stiffness of target tissue
digitally by measuring shear wave velocity (SWV).
SWV is displayed on the right side of the screen in m/s
(Figure 7). In case of measurement failure, X,XX m/s
is displayed on the screen instead of digits (Figure 8).
The first report evaluating the usefulness of VTQ
[38]
for the pancreas was published in 2009 . In this case
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report, D’Onofrio et al
reported that a pancreatic
tumor which was diagnosed as solid pancreatic tumor
by US and CT in advance was finally diagnosed as
serous cystic neoplasm by VTQ. In this case, X,XX m/s
was always displayed on the screen during VTQ which
indicated the tumor was not solid but cystic.
[39]
Yashima et al
subjected 46 patients with chronic
pancreatitis and 52 normal pancreas, and measured
SWV at the head, the body and the tail of the
pancreas for 10 times in each case. The success rates
of > 60% for measuring SWV at the head, the body
and the tail of the pancreas were 69%, 75%, and
42%, respectively. They also determined the cutoff
of SWV optimal for diagnosing chronic pancreatitis
as 1.40 m/s by ROC analysis, and reported that
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A

B

Figure 5 ElastographyTM. A: Elastography (GE) is performed for a normal pancreas; B: Strain ration can be calculated by setting the reference area.

sensitivity, specificity, PPV, and NPV for diagnosing
chronic pancreatitis were 75%, 72%, 69%, and 78%,
respectively. Two years later, the improved success
rates of 100% for measuring SWV at the head, the
body, and the tail of the pancreas were reported to
be 80%, 83%, and 68%, respectively by Kawada et
[40]
al . They also determined the factors associated with
the stiffness of the pancreas (> 1.40 m/s) as severe
alcohol intake (OR = 3.87, P = 0.005) and deeper
depth of the pancreas from the body surface ≥ 4.2
cm, OR = 0.10, P = 0.002) by multivariate analysis.
Also, they reported that the stiffness of non-tumorous
pancreas tended to be higher in patients with
pancreatic ductal adenocarcinoma compared to that
in patients without pancreatic ductal adenocarcinoma.
The clinical implication of VTQ would be enormous if
VTQ could identify the high-risk group for pancreatic
cancer by measuring SWV of the pancreas because
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VTQ can be performed even for asymptomatic due to
its non-invasive nature.
Recently, series of studies evaluating the usefulness
[41-46]
of VTQ for the pancreas were published
. A
study reported the usefulness of VTQ for differential
diagnosis between malignant and benign pancreatic
[41]
tumors , and another reported the usefulness of
[42]
VTQ for diagnosis of acute pancreatitis . There is
also a study reporting the possibility of discriminating
[43]
serous cyst fluid from mucinous one . As already
mentioned in this text, RTE cannot evaluate cystic
lesions, therefore, it is interesting if VTQ can really
evaluate cystic lesions, too. In addition to these,
there are studies reporting that the stiffness of the
pancreas measured preoperatively could predict the
incidence of post-operative pancreatic juice fistula.
[44]
Harada et al
measured the stiffness of nontumorous pancreas preoperatively for 62 patients
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A

B

Figure 6 ElastographyTM (Toshiba). A: Elastography (Toshiba) is performed for a normal pancreas; B: Strain ration can be calculated by setting the reference area.

who subsequently underwent pancreatectomy. They
reported that there were positive correlation between
SWV and histological grade of fibrosis [Spearman’s
rank correlation coefficient (ρ) = 0.660, P < 0.0001].
Also, they reported that post-operative pancreatic juice
fistula was observed more frequently in patients with
lower stiffness of the pancreas (SWV < 1.54 m/s) than
in patients with higher stiffness of the pancreas (63%
vs 17%, P < 0.001).
Shear wave elastography had begun with the
TM
measurement of SWV, subsequently Virtual Touch
Imaging and Quantification (VTIQ, Siemens) was
developed. In VTIQ, the stiffness of organ can be
displayed on the screen in color map (Figure 9). VTIQ
is available in Japan since March 2012, and only linear
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probe can be used in VTIQ to date. There are several
reports evaluating the usefulness of VTIQ for the other
[47-50]
organs
, however, there are none for the pancreas.
ElastPQ produced by Philip is another instrument
for shear wave elastography. In ElastPQ, SWV is shown
in kPa. There are a report evaluating the correlation
[51]
between VTQ and ElastPQ for the liver , however,
there are none for the pancreas.
Shear wave elastography seems to be appropriate
for the pancreas for which it is not always easy to
obtain adequate strain from aortic pulsation. There
are more and more studies reporting the usefulness
of shear wave elastography for the pancreas in recent
[40-46]
years
. Further development of shear wave
elastography, such as availability in EUS, is required.
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since 2012
. In summary, sensitivity of EUSelastography for the differential diagnosis of pancreatic
tumors is reported to be excellent ranging from
95% to 99%, while its specificity is reported to be
inadequate ranging from 67% to 76%. It is assumed
that most benign pancreatic tumors are tumor forming
pancreatitis, and benign pancreatitis with severe fibrosis
can be as hard as malignant ductal adenocarcinoma.
EUS-elastography cannot be a surrogate examination
for EUS-FNA, however, EUS-elastography may be a
crucial examination for the selective cases in which
[66]
EUS-FNA cannot be performed . The criteria for
differential diagnosis between malignant and benign
pancreatic tumors differ from report to report.
Despite the qualitative diagnostic criteria for
distinguishing malignancy from benignancy differ from
report to report, most of them consist of the following
two factors: (1) the dominant color within color map;
and (2) the homogeneity of color map, as shown in
Figure 10. In RTE, the softest tissue within ROI is
displays as red while the hardest tissue within ROI is
displayed as blue, and the remaining tissue is displayed
as a coordinated color between red and blue according
to the stiffness of the tissue. Thus, we should keep
in mind that the color map observed in RTE is not an
absolute one but will be changed depending on the
size of ROI.
[56]
Iglesias-Garcia et al
subjected 77 ductal adeno
carcinomas, 42 tumor forming pancreatitis, and 10
endocrine tumors, and classified them according to
the combination of the dominant color within color
map (blue or green) and the homogeneity of color
map (homogeneous or heterogeneous). When the
combination of ‘‘green’’ and ‘‘heterogeneous’’ were
determined as benign tumor forming pancreatitis,
‘‘blue’’ and ‘‘homogeneous’’ were determined as
endocrine tumor, and ‘‘blue’’ and ‘‘heterogeneous’’
were determined as ductal adenocarcinoma, sensitivity,
specificity, PPV, and NPV were 100%, 85.5%, 90.7%,
and 100%, respectively. These excellent diagnostic
accuracies were also shown with good concordance rate
[57]
between two blinded investigators. Giovannini et al
conducted a multicenter study subjecting 121 patients
with pancreatic tumors (92 malignant and 29 benign). In
their study, pancreatic tumors were classified according
to the following scoring system: Score 1, homogeneous
green corresponding to normal tissue; Score 2,
heterogeneous soft tissue (green, yellow, and red)
corresponding to inflammatory tissue; Score 3, mixed
color or honeycombed corresponding to indeterminate;
Score 4, small green central area surrounded by mainly
blue; Score 5, mainly blue with heterogeneous green
[57]
and red corresponding advanced malignant lesion .
When score 1 and 2 were determined as benign and
score 4 and 5 as malignant, sensitivity and specificity
were 92.3% and 80%, respectively, and kappa
coefficient was shown to be 0.785.
One of the quantitative diagnostic methods

Figure 7 Virtual Touch Quantification TM (Siemens) performed for the
pancreatic head. Region of interest is set on the pancreatic head. Sub
sequently, acoustic radiation force impulse is emitted by pressing the button,
and shear wave velocity (m/s) is displayed in the right side of the screen in a
few seconds.

Figure 8 Virtual TouchTM Quantification (Siemens) performed for a large
tumor at the pancreatic body. Shear wave velocity cannot be measured
because the tumor is too hard. X,XX m/s is displayed in the right side of the
screen instead of digits.

EUS-elastography - Strain elastography
[13]

Hirooka et al had first reported the clinical usefulness
of EUS-elastography for the pancreas in 2005, there
are a considerable number of reports related to EUS[52-65]
elastography for the pancreas
. There are also
several meta-analyses related to EUS-elastography for
[52-55]
the pancreas
. Because RTE is a single instrument
in which EUS-elastography can be performed, RTE is
evaluated in all reports regarding EUS-elastography
for the pancreas. Recently, another EUS-elastographic
TM
instrument, ELST , was produced by Olympus. ELST
is considered to be almost the same as RTE because
the technology used in ELST was provided by HitachiAloka.
Most reports regarding EUS-elastography for the
pancreas are associated with the differential diagnosis
between benign and malignant solid pancreatic tumors.
Several meta-analyses related to the differential
diagnosis of pancreatic tumors have been reported
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A

B

Figure 9 Virtual TouchTM IQ (Siemens) performed for a pancreatic body tumor. Because only linear probe can be used, Virtual TouchTM IQ (VTIQ) cannot be
performed for the case in which the pancreas locates deep from the body surface. Shear wave velocity can be measured post hoc at the point wherever desired (upper).
In quality mode, the degree of confidence in measurement is seen for each point (lower). Green color shows the point where shear wave velocity is measured with
high confidence.
Homogeneity
Homogeneous

Heterogeneous

Normal pancreas

Chronic pancreatitis

Neuroendocrine tumor

Pancreatic ductal
adenocarcinoma

Dominant color

Green

Blue

Figure 10 A representative qualitative diagnostic criteria in Real-time Tissue ElastographyTM (Hitachi-Aloka). Dominant color and homogeneity of color are
evaluated in most reports. The representative histology estimated by each combination of color and homogeneity are shown.
[36]

frequently used for EUS-elastography is a strain ratio
[34]
analysis. Itokawa et al subjected 72 ductal adenocar
cinomas and 7 tumor forming pancreatitis, and reported
that strain ratio was significantly higher in ductal
adenocarcinomas compared to that in tumor forming
pancreatitis (39.08 ± 20.54 vs 23.66 ± 12.65, P <
[35]
0.05). Iglesias-Garcia et al
subjected 86 pancreatic
tumors including 49 ductal adenocarcinomas, 27 tumor
forming pancreatitis, 6 endocrine carcinomas, and 2
metastatic carcinomas. They reported when cutoff
of strain ratio optimal for distinguishing malignancy
from benignancy was determined as 6.04, sensitivity
and specificity were 100% and 92.9%, respectively.
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Dawwas et al subjected 74 ductal adenocarcinomas,
11 endocrine carcinomas, 2 metastatic carcinomas,
and 17 tumor forming pancreatitis, and reported
when cutoff was determined as 4.65, sensitivity and
specificity were 100% and 16.7%, respectively. As
shown above, optimal cutoff values of strain ratio quite
differ from report to report. It is assumed that cutoff
value was affected by where to set the reference area:
non-tumorous pancreas was determined as reference
area in the former report, whereas red area around the
pancreas was determined as reference area in the latter
two reports.
Another quantitative diagnostic method is a strain
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histogram analysis. In the strain histogram analysis,
the stiffness of tissue is converted into 256-grade
gray scale or digits, and gray scale map or gray scale
[58]
histogram is shown on the screen. Săftoiu et al
conducted multicenter study subjecting 258 pancreatic
tumors, and performed strain histogram analysis.
When cutoff of strain histogram was determined as
175 calculated by ROC analysis (AUC = 0.854, P
< 0.0001), sensitivity, specificity, PPV and NPV for
distinguishing malignancy from benignancy were
93.4%, 66.0%, 92.5%, 68.9%, respectively. Opačić
[59]
et al performed strain histogram analysis subjecting
105 pancreatic tumors, and reported when cutoff
was determined as 86, sensitivity and specificity were
100% and 45%, respectively. Cutoff values also quite
differ from report to report in strain histogram analysis.
The other quantitative diagnostic method is a
[57,58]
neural network analysis
. The neural network
[58]
analysis is a method developed by Săftoiu et al
and
is performed by computer which can avoid arbitrary
analysis. However, the neural network analysis is not
prevalent among other investigators.
Next, we are moving on diffuse pancreatic
[62]
diseases. Itoh et al
performed EUS-elastography
preoperatively for the proximal side of the pancreatic
tumor in order to exclude possible effects of obstructive
pancreatitis, and compared the elastograms with
microscopic findings of the resected specimens. They
reported when using 4 parameters of mean, standard
deviation, skewness, kurtosis, there were significant
correlation between 4 parameters and grade of fibrosis
evaluated pathologically (r = -0.75, -0.54, 0.69, and
[63]
0.67, respectively). Iglesias-Garcia et al
subjected
191 chronic pancreatitis, and compared strain ratio
with Rosemont classification, a well-known diagnostic
criteria for chronic pancreatitis evaluated by EUS.
They reported that there was positive correlation
between strain ratio and Rosemont classification (r
= 0.813, P < 0.0001). They reported when cutoff
for diagnosing chronic pancreatitis was determined
as 2.25 by ROC analysis (AUC = 0.949), sensitivity
[64]
was shown to be 91.1%. Janssen et al
found that
stiffness of the normal pancreas was increasing with
aging. They reported that the value of strain histogram
measured in normal pancreas was significantly lower
in individuals of ≥ 60 years compared to that in
individuals of < 60 years, although it was significantly
higher in individuals of ≥ 60 years compared to
that in patients with chronic pancreatitis (110.2 vs
80.0 vs 32.4, respectively, P < 0.001). A recent
study reported that EUS-elastography could predict
pancreatic exocrine dysfunction in patients with chronic
[65]
[56]
pancreatitis . Iglesias-Garcia et al
hypothesized
that pancreatic exocrine function was depend on the
grade of pancreatic fibrosis, and measured strain ratio
in 115 patients with chronic pancreatitis. They reported
that there was significant correlation between strain
ratio and pancreatic exocrine dysfunction evaluated by
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C-mixed triglyceride breath test.
Thus, investigations of EUS-RTE were proceeded
mainly through establishing the diagnostic criteria for
differential diagnosis between malignant and benign
[52-61]
pancreatic tumors
. Because EUS is a detailed
examination, investigators might often encounter a
situation in which a known pancreatic tumor must be
evaluated if it was malignant or not. It is important to
take advantage of each modality: US-elastography
for screening and EUS-elastography for detailed
examination.

FUTURE PERSPECTIVES
The goal of elastography for the pancreas is to assure
accurate elastogram enough to reflect histological
structure. Also, elastography for the pancreas must
be operator-independent and satisfy the adequate
reproducibility. The following facts that (1) the
pancreas is a small organ locates deep in center of the
body; (2) obtaining the biopsy specimens from the
pancreas is not easy; and (3) the pancreas is strongly
affected by aortic pulsation, make difficult to achieve
the goal. There may be another breakthrough by
developing an instrument based on a novel principle
beyond shear wave elastography in the future.
Although there are several issues remained to be
solved, elastography may be a promising imaging
modality for early detection of chronic pancreatitis. It
is known that patients with chronic pancreatitis are at
risk for pancreatic cancer, therefore, chronic pancreatitis
should be diagnosed within reversible stage so that it
can be cured by therapeutic intervention. At the current
moment, EUS is considered to be the best imaging
[67,68]
modality which can detect early chronic pancreatitis
.
However, the diagnostic criteria used in EUS, such as
hyperechoic foci and stranding, are associated with
calcification which are irreversible change. In contrast,
elastography may detect earlier signs of chronic
pancreatitis, such as parenchymal edema, only if they
can be recognized as change of tissue stiffness.
Also, elastography may contribute to early detection
of pancreatic cancer. Early detection of pancreatic
cancer is important because better prognosis cannot
be achieved without its early detection. As described
in the text, US-elastography can pick up the highrisk patients for pancreatic cancer from numerous
asymptomatic because US-elastography can be
performed as physical check-up. If diffuse or focal
stiffness is detected by US-elastography, this person
can undergo further detailed examination for the
pancreas, which may detect early pancreatic cancer.
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Biomarkers for detection of alcohol consumption in liver
transplantation
Katharina Staufer, Michel Yegles
abstinence period of up to 6 mo prior to transplantation
is mandatory, alcohol relapse after transplantation is a
common event. In case of recurrence of heavy drinking,
graft survival is significantly impaired. Guidelines on
detection and surveillance of alcohol consumption in
this patient cohort are lacking. This review summarizes
the challenge of patient selection as well as the current
knowledge on established and novel alcohol biomarkers
with special focus on liver transplant candidates and
recipients.
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Core tip: Currently, consensus statements on alcohol
screening prior to and after liver transplantation
are lacking. Routinely applied alcohol markers have
certain limitations in the setting of liver disease
and end-stage cirrhosis. Novel alcohol biomarkers,
such as ethyl glucuronide in urine and hair as well
as phosphatidylethanol, however, show promise to
significantly improve the selection and surveillance of
patients within the liver transplant setting.
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Abstract

INTRODUCTION

Alcoholic liver disease is an established, yet contro
versial, indication for liver transplantation. Although an

Detection of alcohol consumption and surveillance
of alcohol abstention in patients with alcoholic liver
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disease (ALD) are at the center of attention of
transplant physicians. Liver transplantation (LT) is
an established treatment of end-stage ALD, which
presents the second most common indication for LT in
[1,2]
Western countries . Due to the prevalent perception
within the population and among treating physicians
that ALD is a self-induced disease, and possibly
perpetuated by the evident lack of donor organs, this
[3]
indication is controversial . Therefore, ALD as an
indication for LT all the more requires transparent,
comprehensible selection criteria. Since alcoholism
is a life-long disease and is not cured by LT, optimal
selection of patients with a low risk of alcohol relapse
as well as continuous monitoring and support after LT
are essential.
In order to facilitate optimal patient selection for
the life-saving opportunity of LT, patients currently
have to undergo a thorough psychological evaluation
by an experienced addiction specialist. In addition,
an abstinence period of at least 3 up to 6 mo is
required in most transplant centers. Nevertheless,
alcohol relapse on the waiting list is detected in up to
[4-6]
25%
and occurs in up to 50% of liver transplant
[7,8]
recipients . Of these, up to 36% of patients resume
[9-11]
heavy drinking
. Long-term outcome after LT is
significantly reduced in the patient cohort with return
to excessive alcohol consumption but is similar to other
indications despite return to low to moderate alcohol
[12,13]
consumption
.
Therefore, our eligibility criteria to list patients
need to be refined, and we need more reliable tools to
predict the individual risk of relapse to heavy drinking.
In addition, surveillance and concomitant psychological
support after LT should take a central role. This
requires continuous surveillance programs for LT
recipients to avoid alcohol relapse as well as tools to
maximize rates of early detection of alcohol relapse to
prevent graft damage.
Objective direct alcohol parameters could support
evaluation by addiction specialists and improve patient
selection prior to LT and optimize surveillance and early
detection of alcohol consumption in liver transplant
recipients.
This review summarizes the challenges of detection
and correct assessment of alcohol consumption.
It focuses on the current knowledge on alcohol
biomarkers in liver disease and their particular value
within the liver transplant setting and gives insight into
possible future developments.

(see below).
According to the current guidelines of the European
Association for the Study of the Liver (EASL) and the
American Association for the Study of Liver Diseases
(AASLD), ALD may diagnosed upon documentation
of consumption of > 30 g/d of ethanol as well as the
presence of clinical and/or biological signs of liver
[14,15]
injury
. According to EASL guidelines, diagnosis
should be based on “clinical” [such as gammaglutamyl transferase (GGT), carbohydrate deficient
transferrin (CDT), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), mean corpuscular
volume (MCV)], “biological” (serum fibrosis markers),
and “ultrasound parameters” (detection of steatosis,
grading of parenchymal alterations). Furthermore, liver
biopsy might be required for confirmation of diagnosis.
However, all mentioned parameters may be
non-diagnostic in the case of mild ALD or early
[15,16]
cirrhosis
, and patients are normally asymptomatic
until an advanced state of liver disease has been
reached. The documentation of regular alcohol intake,
however, and especially the assessment of the alcohol
amount is difficult. Commonly, patients do not admit
alcohol consumption or underreport or do not indicate
[17-19]
correct amounts of alcohol intake
. Furthermore,
the amount of alcohol intake and development of liver
alterations or severity of liver disease are not strictly
[20]
linear . Clear diagnosis of alcohol consumption and
ALD is complicated by the lack of definite cut-off values
of ethanol identified as harmful in certain populations.
In 60% of patients with regular alcohol intake >
[21,22]
60 g/d, hepatic steatosis was found
. In 29% of
a large patient series, liver cirrhosis was detected by
liver biopsy in 29% of a large series of patients with
[23]
alcoholism . Differential diagnosis to non-alcoholic
fatty liver disease (NAFLD) (ethanol cut-off: 20 g/d
for women, 30 g/d for men) and the assessment of
alcohol as an additional hit to the liver are difficult.
Even liver biopsy cannot safely discriminate ALD
[24,25]
from NAFLD
. Moreover, in a meta-analysis,
daily consumption of > 25 g of ethanol has been
associated with an increased risk of liver cirrhosis and
[26]
its complications . Increased risk of mortality due to
liver cirrhosis was recently found even below 25 g/d
[27]
of ethanol (12-24 g/d) . Thus, patients might be at
risk at ethanol levels even below the current public
recommendations for alcohol consumption.

Requirements for suitable
alcohol markers in liver disease
and liver transplantation

Diagnosis of ALD - A dilemma?
Correct diagnosis of ALD is critical for individual
treatment approaches, but it is sometimes difficult,
since specific features are lacking. After ruling out
different liver diseases, diagnosis has to be based
on patients’ statement on alcohol consumption. Yet,
reliable objective alcohol parameters for confirmation
have not yet found their way into routine clinical use
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Alcohol markers for detection of alcohol consumption
and prediction of alcohol relapse need to fulfill certain
features in the setting of ALD and LT. Only patients
with a low risk of relapse are eligible for transplant.
Patients in whom alcohol relapse is detected within
the waiting period may be excluded from the life-
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saving opportunity of LT. Since alcoholism is a life-long
disease that is not cured by LT, LT recipients should
receive close surveillance to provide the possibility of
an early detection in the case of relapse. LT recipients
with alcohol relapse are at risk for the development
of alcoholic hepatitis and re-cirrhosis in the liver graft.
Nevertheless, in case of alcohol relapse, patients may
be denied liver re-transplantation.
Optimal alcohol biomarkers in the setting of LT should
not be influenced by liver alterations, commonly present
kidney dysfunction, changes in body composition (low
fat and muscle mass in case of end-stage cirrhosis,
increased body water in case of ascites), immuno
suppressive medication, or multiple drug therapy and
should be cheap and easily accessible. In LT candidates
who get evaluated for LT or are on the waiting list,
the markers need to be highly specific in order not to
deny mistakenly a life-saving LT due to false positive
alcohol tests. In LT recipients in whom early detection
of relapse is the focus to preserve graft function, high
sensitivity is of special interest.

especially in case of > 50 g/d alcohol intake or chronic
alcohol intake). Acetaldehyde is further metabolized
to acetic acid via acetaldehyde dehydrogenase. Acetic
acid is metabolized via the citrate cycle and the
mitochondrial respiratory chain and exhaled as CO2.
A very small amount (< 0.1%) of ethanol undergoes
conjugation reactions with glucuronic acid in the
presence of membrane-bound mitochondrial uridine
diphosphate glucuronyl transferase to produce ethyl
glucuronide (EtG) and with sulfate to produce ethyl
[29-31]
sulfate (EtS), which are excreted in the urine
.

Indirect biomarkers of alcohol
consumption
[32]

State markers such as MCV
and the liver function
tests GGT, ALT, and AST are widely used for routine
screening of chronic alcohol consumption. These
indirect markers of alcohol consumption may yet
be elevated not only in case of ALD but all other
forms of acute or chronic liver disease or vitamin
B12 and/or folic acid deficiency. In a recent study on
210 non-excessive drinkers, 272 excessive drinkers,
and 76 patients with alcoholic cirrhosis investigating
the kinetics of alcohol markers during abstinence,
the diagnostic accuracy of GGT to detect excessive
drinkers was moderate [area under the curve (AUC)
0.68] and was associated with the amount of alcohol
consumed within the past 30 d, which is in contrast to
[33]
the AST/ALT ratio . In this patient cohort consisting
of ALD patients only, GGT reached a sensitivity and
specificity of 49.6%, and 83.9%, respectively, for
[33]
the detection of excessive alcohol consumption . In
contrast, in a setting of 141 liver transplant candidates
and recipients, different markers were analyzed
for their value in screening the consumption of any
amount of alcohol, and the specificities of GGT, MCV,
[17]
and AST were rather low . Besides low specificity
for chronic alcohol intake and detection of alcohol
[17]
relapse , these markers have also low sensitivity for
[34]
recent intake of excessive alcohol amounts . When
using these markers, we have to be aware of certain
limitations, especially within a patient collective with
already significant liver disease or on multiple drug
[35,36]
therapy
.

GOLD STANDARD FOR DETECTION OF
ALCOHOL CONSUMPTION
To date, national and international guidelines for
alcohol biomarker screening of patients within the
transplant setting are still lacking. Many transplant
centers in Europe and the United States routinely use
ethanol (EtOH) and CDT as direct markers of alcohol
consumption as well as GGT and MCV as indirect
markers.
The recommendations of the National Institutes
of Health/National Institute on Alcohol Abuse and
[28]
Alcoholism
for ALD patients state: “For screening
purposes in primary care settings, interviews and
questionnaires have greater sensitivity and specificity
than blood tests for biochemical markers, which
identify only about 10% to 30% of heavy drinkers.
Nevertheless, biochemical markers may be useful when
heavy drinking is suspected but the patient denies it.”
GGT, MCV, and CDT are recommended, nevertheless,
to show certain limitations within the transplant
setting (see paragraphs on indirect and direct alcohol
biomarkers).

Carbohydrate deficient transferrin

Ethanol metabolism

Transferrin is a glycoprotein produced and secreted by
the liver. The International Federation of Clinical Che
mistry and Laboratory Medicine recommend that CDT
should be expressed as CDT divided by the amount
of total transferrin to account for individual variations
in transferrin levels. In addition, the disialotransferrin
glycoform of CDT (one of three isoforms) should be
measured since it correlates best with the amount of
ingested alcohol, as measured by high performance
[37]
liquid chromatography (HPLC) .
CDT levels reflect continuous heavy drinking of

After ingestion, ethanol is absorbed via the oral,
gastric, and small intestinal mucosa. About 2%-10%
of ethanol are excreted via urine, sweat, and ex
halation air without modification. EtOH detoxification
starts within the stomach and is facilitated by alcohol
dehydrogenase (ADH) (sigma-ADH, about 5% of
ethanol metabolism). The major part of EtOH is
metabolized to acetaldehyde within the liver by
ADH, catalase, and the so-called microsomal ethanol
oxidizing system (MEOS; via cytochrome P450 CYP2E1;
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Table 1 Biomarkers for alcohol consumption used in the liver transplant setting
Biomarker

Biological
compartment

Window of
detection

Confounding factors

Cut off

Sensitivity

Specificity

Number of
patients

Ref.

Indirect markers
GGT

Serum

-

Liver disease

MCV

Serum

-

49.6
85.7
75.0

83.9
39.7
55.7

558
141
141

[33]
[17]
[17]

AST
ALT
%CDT

Serum
Serum
Serum

1-2 wk

Hematological diseases, vitamin
deficiencies
Liver disease, muscle alterations
Liver disease
Hyperbilirubinemia, liver cirrhosis/
disease, smoking, sepsis, anorexia
nervosa, airway diseases, rare genetic
variants, transferrin levels

< 55 U/l
< 94 fL
< 35 U/L
< 50 U/L
≥ 2.5%
> 2.6%
> 2.6%

67.9
29.6
52.7
25.0
-

56.3
76.2
87.8
98.6
-

141
141
558
141
88

[17]
[17]
[33]
[17]
[18]

Exhalation air
Serum

10-12 h
10-12 h

Alcohol containing mouth wash
Unknown

≥ 0.01 g/L
≥ 0.1 g/kg

MeOH

Serum

up to 48 h

Unknown

≥ 5 mg/L

EtG

Urine

up to 80 h

Heavily impaired kidney function,
high amounts of baker's yeast/
sauerkraut, alcohol containing
mouthwash, storage above 4 ℃ before
measurement

≥ 0.5 mg/L

-1
22.2
89.3

-1
99.3
98.9

18
141
41
141
41
18
141

[6]
[17]
[55]
[17]
[55]
[6]
[17]

EtG

Hair

up to 6 mo

EtG containing hair treatment,
heavily impaired kidney function

≥ 7 pg/mg

76.0

91.0

88

[18]

Direct markers
Breath alcohol
EtOH

≥ 1.5 mg/L

1

No sensitivity/specificity calculated, since only 1 of 141 patients had elevated EtOH. In the case of CDT, only studies using the HPLC method for
determination of %CDT are reported. - not reported in the cited manuscript. GGT: Gamma-glutamyl transferase; MCV: Mean corpuscular volume; AST:
Aspartate amino transferase; ALT: Alanine amino transferase; CDT: Carbohydrate deficient transferrin; EtOH: Ethanol; HPLC: High-performance liquid
chromatography; MeOH: Methanol; EtG: Ethyl glucuronide.

Short-term alcohol markers

50 to 80 g of EtOH per day over a period of 7 to 15
[38,39]
d
. After alcohol cessation, CDT normalizes within
[39]
2 to 3 wk (t1/2: 10 d) . Depending on the assay used,
determination of CDT sensitivity and specificity varies.
In patients with end-stage liver disease, specificity is as
low as 70%, and sensitivity ranges between 46% and
[40-43]
73%
. A higher sensitivity and specificity of appro
ximately 88% and 95%, respectively, has previously
been achieved by combining CDT with MCV and
[36,40,43]
GGT
. CDT is not yet suitable to detect short-term
[44]
alcohol consumption, even at high doses of 80 g/d .
Confounding factors for the measurement of CDT
besides liver cirrhosis, primary biliary cirrhosis, and
hepatitis C infection are smoking, sepsis, anorexia
[45]
nervosa, and airway diseases . All of these conditions
can lead to false positive test results. False negative
results can be caused by obesity, female sex, and
[46,47]
pregnancy
. Furthermore, genetic variants occurring
[48]
in 1%-2% of patients can lead to impaired test results .

Breath alcohol test: In general, median breath
alcohol concentration (BAC) correlates well with
blood alcohol concentration, bearing a sensitivity and
specificity of 97% and 93%, respectively, in healthy
volunteers, although the correlation is weak for
[49]
individual cases . The sensitivity and specificity of
breath analyzers of different manufacturers often vary
considerably. BAC may be influenced by consuming
food within 4 h prior to testing, a longer time spent
drinking, and the number of drinks consumed per
[50]
hour . Therefore, this test is mainly utilized in
the context of drivers accused of driving under the
influence and needs to be confirmed by a blood
ethanol test if positive. Although breath alcohol testing
has the advantage of low costs and ease of use, this
method has certain limitations within the setting of LT.
Mainly due to low sensitivity resulting from rapid
elimination of EtOH from the body (about 0.1 g/kg per
[51]
hour), patients might not be detected . In a study
[6]
by Erim et al alcohol breath tests were used as a
screening method for alcohol consumption along with
self-reports in LT candidates participating in an alcohol
dependence group therapy. Nobody admitted alcohol
consumption, and breath testing was positive in only
one out of 18 patients. Comparing these results to
urinary EtG (uEtG) revealed that 50% of patients had
[52]
positive results. Wetterling et al found similar results

Direct biomarkers of alcohol
consumption
Currently, a range of direct alcohol biomarkers are
used that detect EtOH or EtOH metabolites in different
body components. We can distinguish between shortand long-term alcohol markers (table 1).
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[57,58]

by comparing the detection rate of alcohol relapse
in patients during a long-term alcohol dependence
program: by breath alcohol tests, personal interviews,
and uEtG 4.4%, 5.7%, and 37.7% of alcohol relapses
were discovered. In 15.6% (265 cases) of patients,
alcohol consumption was detected only by uEtG. In
three cases, on the other hand, alcohol consumption
[52]
was only detected by breath alcohol test . These
results illustrate that breath alcohol testing in the
setting of LT might not be an ideal tool for monitoring
abstinence or early detection of relapse.

elimination of EtOH from the body
. uEtG is
detectable after consuming very small amounts of
[58,59]
alcohol (≤ 5 g)
. The higher the amount of alcohol
[30,60,61]
intake, the longer the detection window
. It
can easily be measured by an immunoassay (lower
detection limit 0.1 mg/L) or liquid chromatographytandem mass spectrometry (LC-MS/MS). uEtG and
[62,63]
uEtS show good correlation
.
Since uEtG levels are, to a great extent, independent
of liver and kidney function, uEtG is a useful marker
within the setting of liver disease and LT. A sensitivity
and specificity of 84% and 68%, respectively, were
reported with a cut off of 0.145 mg/L in a large cohort
of drinkers and non-drinkers with and without liver
[59]
cirrhosis . Sensitivity and specificity increased to
91% and 77%, respectively, when a cut off of 0.435
mg/L was used in low to moderate drinkers compared
[59]
to heavy drinkers . In a cohort of LT candidates and
recipients using a cut off of ≥ 5 mg/L of the DRI-EtGenzyme immunoassay [(EIA; Thermo Fisher Scientific
Inc.; Passau, Germany] a sensitivity and specificity of
[17]
89% and 99%, respectively, could be reached . In
this study, uEtG significantly outperformed all other
tested markers, such as GGT, AST, ALT, MCV, CDT, and
[17]
MeOH in predicting alcohol consumption . The vast
majority of patients admitted alcohol consumption
only after confrontation with positive test results. A
study in 109 LT candidates with ALD showed positive
uEtG or uEtS in 20% (cut offs 0.2 mg/L, and 0.1
mg/L), although only 3% of patients indicated alcohol
[64]
consumption . Another study comparing uEtG,
AUDIT-C, EtOH in blood and urine, CDT, and AST, ALT,
GGT, and MCV in 121 LT candidates and recipients
confirmed the high sensitivity and specificity of uEtG
of 89.2% and 98.8%, respectively. Combining uEtG
with AUDIT-C further improved detection of alcohol
consumption (AUC = 0.94 vs 0.98), and additional
assessment of CDT had no further benefit (AUC =
[65]
0.98) .
Although highly sensitive and specific, influencing
factors that might lead to false positive or negative
uEtG results have to be taken into account. False
negative results might occur in the presence of
bacterial degradation in case of urinary tract infections
[66]
(uEtS not altered)
but also might occur because of
[67]
post collection synthesis of bacteria in the urine .
However, this in vitro reaction can be prevented by
refrigerating, freezing, or collecting urine samples
[59]
in NaF containers
or using dried urine on filter
[68]
paper . Cannabinol, ingestion of high amounts
of baker’s yeast, sauerkraut, non-alcoholic beer, or
alcohol containing mouth washes as well as severe
[59,69-71]
kidney disease can cause false positive results
.
[72]
Recently, Høiseth et al
showed that chronic kidney
disease increased the detection window of uEtG and
uEtS. In 14 patients with an estimated glomerular
2
filtration rate < 60 ml/min per 1.73 m and moderate
use of alcohol (up to seven standard drinks per week),
uEtG could be detected up to as twice as long as in

Blood ethanol levels: EtOH blood concentration is a
measure for recent alcohol consumption and remains
[51]
positive for only a few hours after alcohol intake .
This elimination kinetic has to be considered when
[4]
performing abstinence monitoring. Carbonneau et al
described the utility of random measurement of blood
alcohol levels in 134 liver transplant candidates on the
waiting list. Of these, eight patients had detectable
serum alcohol levels, three patients admitted alcohol
consumption in the presence of negative EtOH
levels, and 12 patients refused blood withdrawal. A
higher number of random blood alcohol tests was
independently associated with a lower risk of alcohol
[4]
use on the waiting list . Nevertheless, within an LT
outpatient setting with scheduled visits, detection of
alcohol relapse by elevated EtOH levels may have
been limited due to an adaptation of drinking habits to
[17,18]
scheduled visits
. Overall, blood alcohol level is a
useful marker in cases of suspected alcoholization.
Blood methanol levels: Methanol (MeOH), a direct
metabolite of EtOH, is detectable for up to 2 d but may
accumulate in body fluids in the case of continuous
[51,53,54]
heavy drinking
. Very little data are available
on patients with liver dysfunction. The sensitivity and
specificity of MeOH for detection of alcohol relapse
using a cut off of 5 mg/L (HS-GC/FID, Perkin-Elmer)
in 141 liver transplant candidates and recipients were
[17]
reported to be 22% and 99%, respectively . In
another study on 41 liver transplant candidates, a
cut off of 1.5 mg/L was indicative of probable recent
alcohol intake (ruling out other confounding factors)
[55]
or 3 mg/L (regarded “highly positive”) was used . By
measuring MeOH, more relapsers were identified than
with blood EtOH levels and self-reports by Alcohol Use
Disorders Identification Test (AUDIT; 32 vs 3 patients;
[55]
sensitivity and specificity not given by the authors) .
MeOH, however, can also be endogenously produced
and, therefore, might show false positive results that
mistakenly deny transplantation due to suspected
[56]
alcohol relapse on the waiting list . More data are
necessary to reliably rate the value of MeOH within the
LT setting.
EtG and ethyl sulfate in urine: EtG is an ethanol
conjugate that can be detected up to 36 h in the
blood and up to 80 h in the urine, even after complete
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healthy volunteers ingesting comparable doses of
alcohol.

tidylation catalyzed by phospholipase D in the cell
[84-86]
membrane of peripheral blood cells
. It is a longterm alcohol parameter that becomes positive after
repeated consumption of ≥ 50 g/d EtOH over a
period of 2 to 3 wk measured by HPLC in whole blood
and can be detected up to > 2 wk (probably up to
[87]
6 wk in some cases ) after cessation of alcohol
[88,89]
consumption
. Using LC-MS/MS, elevated PEth
levels can be found after a single day of excessive
[90]
alcohol intake . A recent study also reported PEth
to be a valuable tool for the detection of moderate
[91]
alcohol consumption . Novel assays even allow
qualitative and quantitative measurement of PEth in
[92,93]
dried blood spots
. PEth was described to bear
higher sensitivity than CDT, GGT, or MCV (sensitivity
[94]
of 99% vs 40% to 77%) . Another study found
an excellent diagnostic accuracy (AUC = 0.974,
sensitivity 94.5%, specificity 100%) superior to
that of CDT, GGT, or MCV in patients with excessive
alcohol consumption taking part in a detoxification
[95]
[96]
program . Helander et al showed the superiority of
PEth over CDT for monitoring alcohol consumption in
an outpatient alcohol detoxification program. In 43%
of these patients alcohol consumption was detected
only by PEth, in 38% by PEth plus CDT, and in 21%
by EtG/EtS only. False positive or high test results can
[92]
occur if samples are stored at room temperature .
[97]
PEtH levels are not affected by sex or age , and in
contrast to CDT, PEth is not influenced by the presence
[87,98]
or severity of liver disease
. Although already first
described in the 1980s to be synthesized in peripheral
[84,85]
blood
, PEth still has not found its way into routine
diagnostics. Data on LT candidates and recipients are
currently lacking.
Platelet monoaminoxidase-B (MAO-B) protein levels
showed promising accuracy in detection of heavy
drinking measured by immunoblotting or enzyme[99]
linked immunosorbent assay (AUC = 0.72) . If
combined with CDT, its performance can be improved
(AUC = 0.84). Formerly investigated as a genetic trait
marker of alcohol dependence, MAO-B presents an
interesting target. Protein levels, in contrast to MAO-B
[100]
enzymatic activity, are not impaired by smoking
.
This marker, although promising, needs to be further
validated.
A recent study investigating a study cohort of 53
excessive drinkers, a control group of 49 individuals,
and a validation cohort of 40 excessive drinkers and 40
controls discovered four novel proteins for the detection
of excessive alcohol intake by serum proteomic
[101]
analysis
. These proteins were AT-rich interactive
domain-containing protein 4B, phosphatidylcholine-sterol
acyltransferase, hepatocyte growth-factor like protein,
and ADP-ribosylation factor 6. They are indirect markers
of alcohol consumption and are superior to routinely
used markers such as AST, ALT, GGT, MCV, and CDT (AUC
= 0.70 to 0.86 vs 0.21 to 0.67). They might be involved
in inflammation processes, cellular organization, protein

Long-term alcohol markers

EtG and fatty acid ethyl ester in hair: EtG and
fatty acid ethyl ester (FAEE) detection in hair allows
for assessment of alcohol consumption for up to 6 mo
(about 1 cm length of scalp hair strand per month).
According to the recommendations of the Society
of Hair Testing, patients with EtG concentrations of
< 7 pg/mg are regarded as teetotallers or very rare
drinkers, ≥ 7 pg/mg to 29 pg/mg strongly suggest
repeated alcohol consumption, and concentrations of
≥ 30 pg/mg strongly suggest chronic excessive alcohol
[73]
intake . These cut-offs are valid for 0-3 cm up to
0-6 cm of proximal scalp hair segments. The analysis
of FAEEs alone is not recommended to prove alcohol
abstinence but may be used in cases of suspected
false negative EtG results (FAEEs cut offs: 0.2 ng/mg
for a 0-3 cm, 0.4 ng/mg for a 0-6 cm proximal scalp
hair segment). The correlation between hEtG and the
[74]
amount of alcohol consumed are linear . In addition
to a time period of up to 6 mo, which is covered by
hEtG, it has the advantage of doubled sensitivity over
[75]
CDT despite equal specificity .
[18]
Sterneck et al
presented promising results for
the application of hEtG within the transplant setting.
Investigating 63 LT candidates with alcoholic liver
cirrhosis and 25 patients with cirrhosis due to other
reasons, hEtG was compared to uEtG, blood EtOH,
MeOH, CDT, and psychological interviews. Although
only 30% of patients admitted alcohol consumption,
62% of patients tested positive for any alcohol marker.
Alcohol abstention was disproved in 83% of cases by
hEtG only. Sensitivity and specificity were 85% and
97%, respectively, using a cut off of 30 pg/mg in 6 cm
hair strands. hEtG results were independent of liver
and kidney function. Recent work by the same study
group analyzed the value of hEtG in 104 LT recipients
(31 ALD, 73 non-ALD patients) in comparison to
uEtG, EtOH, MeOH, CDT, patients’ self-reports, and
[76]
physicians’ assessments . By applying hEtG, the
detection rate of 7% by any alcohol markers could be
increased to 17%.
hEtG test results can be confounded by heavily
impaired kidney function leading to higher hEtG
[72]
results . Further, hair tonics, which might include EtG,
[77,78]
can result in false positive results
. False positive
FAAE results were found after use of EtOH containing
[79]
lotions , whereas these lotions had no impact on
[80]
hEtG . False negative or decreased hEtG results
can be found after bleaching, dying, and thermal hair
[81-83]
straightening (only tested in vitro)
.

Future directions
Phosphatidylethanol (PEth) is a phospholipid formed
only in the presence of EtOH via a transphospha
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transportation, and cell proliferation mechanistically
linked to alcohol consumption and metabolism. However,
to date it remains unclear whether the secretion and
excretion of these proteins are influenced by liver
function.

8
9

CONCLUSION
Alcohol biomarkers significantly improve detection of
alcohol consumption. To account for various drinking
patterns, we always examine several markers in
combination to cover different time periods. In the
setting of LT, sensitivity and specificity are of special
concern, since a false positive alcohol test may deny
a patient the opportunity of a life-saving LT. During
the evaluation process for LT, hEtG seems to be an
attractive marker, since a time frame of up to 6 mo is
covered and false positive results are unlikely. However,
data demonstrating improved relapse rates after LT
are missing, and optimal cut offs in this setting are
unclear. For surveillance of patients on the waitlist
for LT, a combination of uEtG, PEtH, and GGT seem
to be the most appropriate tools. In LT recipients, a
combination of uEtG, GGT, and CDT or PEtH might be
valuable. Long-term follow-up after LT seems to be well
covered by additional hEtG concentrations. Currently,
MeOH does not seem to have advantages over the
mentioned parameters. Importantly, routinely assessed
alcohol biomarkers prior to and after LT may help guide
treatment decisions for LT and allow early referral
for psychological support and alcohol detoxification
programs.
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Abstract
AIM: To investigate the protein expression of
phosphatase and tensin homolog (PTEN) in human liver
biopsies of patients with alcoholic and non-alcoholic
liver disease.
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by immunohistochemistry in formalin-fixed, paraffinembedded liver sections of patients with non-alcoholic
fatty liver disease (NAFLD) (n = 44) or alcoholic liver
disease (ALD) (n = 25). Liver resections obtained
from 3 healthy subjects candidate for partial liver
donation served as controls. Histological evaluations
were performed by two experienced pathologists, and
diagnoses established based on international criteria.
The intensity of the PTEN staining in nuclei was
compared between steatotic and non-steatotic areas of
each liver fragment analyzed. For each liver specimen,
the antibody-stained sections were examined and
scored blindly by three independent observers, who
were unaware of the patients’ clinical history.

Sanchez-Pareja A, Clément S, Peyrou M, Spahr L, Negro F,
Rubbia-Brandt L, Foti M. Phosphatase and tensin homolog
is a differential diagnostic marker between nonalcoholic and
alcoholic fatty liver disease. World J Gastroenterol 2016;
22(14): 3735-3745 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i14/3735.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i14.3735

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) and alcoholic
liver disease (ALD) are two major causes of chronic
[1]
liver disease worldwide . Both conditions display
very similar histopathological features ranging from
excessive accumulation of fat in the liver (steatosis) to
[2]
steatohepatitis, fibrosis and cirrhosis . Development
of hepatocellular carcinoma (HCC) is a severe com
plication of both liver diseases. Liver biopsy is the
gold standard method to confirm the diagnosis and
to evaluate the degree of necroinflammatory activity
and the stage of fibrosis. For the NAFLD, a scoring
system (NAFLD activity score or NAS) may be useful to
[3]
identify patients who are at risk to develop cirrhosis .
However, the differential diagnosis between ALD and
NAFLD cannot be made on the basis of histological
criteria alone, as it relies on patient’s reported alcohol
consumption, which is subject to the well-known selfreporting biases.
The phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) is a major tumor suppressor
frequently mutated/deleted or downregulated in human
[4,5]
cancers including HCC
. The tumor suppressive
activity of PTEN appears to rely on multiple functions of
this protein, including antagonism of PI3K signaling in
[6]
response to growth factors , modulation of the activity
of critical factors regulating cell adhesion, migration and
[7-9]
invasion , and maintenance of chromosome stability
[10]
and DNA repair . In addition, the expression or
activity of a whole network of other tumour suppressors
frequently altered in human cancers can be modulated
[11]
by dysregulated PTEN expression or activity .
Importantly, recent evidence indicated that in contrast
to the classical “two hits” Knudson’s hypothesis for
tumour suppressors, PTEN haploinsufficiency, or even
a partial loss of its activity/expression through posttranscriptional alterations, is sufficient to promote
[12]
carcinogenesis in specific organs .
Conditional knockout of PTEN specifically in hepato
cytes was shown to induce the sequential development
[13]
of steatosis, fibrosis and HCC with ageing in mice .
Conversely, we previously demonstrated that PTEN
expression/activity was downregulated in the liver of
obese human and rodent models developing hepatic
[14]
steatosis . Further analyses revealed that PTEN
expression was downregulated in cultured hepatocytes
[15]
exposed to free fatty acids . Together, these data
indicated that alterations of PTEN expression/activity

RESULTS: In healthy individuals, PTEN immunostaining
was intense in both the cytoplasm and nuclei of all
hepatocytes. However, PTEN was strongly down
regulated in both the nucleus and the cytoplasm of
hepatocytes from steatotic areas in patients with
NAFLD, independently of the disease stage. In contrast,
no changes in PTEN protein expression were observed
in patients with ALD, regardless of the presence of
steatosis or the stage of the disease. The degree of
PTEN downregulation in hepatocytes of patients with
NAFLD correlated with the percentage of steatosis
(r = 0.3061, p = 0.0459) and the BMI (r = 0.4268,
p = 0.0043). Hovewer, in patients with ALD, PTEN
expression was not correlated with the percentage
of steatosis with or without obesity as a confounding
factor (p = 0.5574). Finally, PTEN expression level
in steatotic areas of ALD patients was significantly
different from that seen in steatotic areas of NAFLD
patients (p < 0.0001).
CONCLUSION: PTEN protein expression is downre
gulated early in NAFLD, but not in ALD. PTEN immuno
histochemical detection could help in the differential
diagnosis of NAFLD and ALD.
Key words: Fibrosis; Phosphatase and tensin homolog;
Steatosis; Non-alcoholic fatty liver disease; Nonalcoholic
steatohepatitis; Alcoholic liver disease; Cirrhosis;
Hepatocellular carcinoma
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD)
and alcoholic liver disease (ALD) display similar histo
pathological features making difficult to discriminate
between them apart from patient history. In this report,
we assessed the phosphatase and tensin homolog
(PTEN) expression level by immunohistochemistry
and observed that while PTEN was downregulated in
steatotic hepatocytes from patients with NAFLD, its
expression remained unchanged in patients with ALD.
We therefore propose that the evaluation of PTEN
expression could be a useful tool for the differential
diagnosis of NAFLD and ALD.
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represent an early event in NAFLD likely contributing to
steatosis development. Surprisingly, studies in rodents,
or using in vitro cell cultures, indicated that hepatic
PTEN expression might be not decreased, but rather
increased, with abusive alcohol consumption although
histopathological alterations of the liver are very similar
[16-19]
to those occurring in NAFLD
. However, whether
these findings are relevant for human diseases is still
unclear and the PTEN expression and activity status in
the liver of patients with ALD is unknown.
Based on the above observations, we hypothe
sized that PTEN expression level in the liver may
allow discriminating between NAFLD and ALD. Thus,
we investigated the expression of PTEN by immuno
histochemistry in liver biopsy samples from patients
displaying all histopathological stages of NAFLD and
ALD. Our results demonstrate that assessing PTEN
protein expression in human livers may represent an
important tool for the differential diagnosis of NAFLD
and ALD.

All biopsy samples were processed together for the
HE staining and PTEN immunohistological staining.
Immunohistochemical analysis of PTEN expression was
[14]
performed as previously described .
The intensity of the PTEN staining in nuclei was
compared between steatotic (S) and non-steatotic
(NS) areas of each liver fragment analyzed. Both S
and NS areas from all slides were scored on a staining
intensity scale from 0 to 4 with score = 0 for lack of
staining, score = 1 for weak staining, score = 2 for
moderate staining, score = 3 for strong staining and
score = 4 representing the highest intensity. Then,
the difference between NS and S areas (NS-S) was
calculated. For each liver specimen, the antibodystained sections were examined and scored blindly by
three independent observers, who were unaware of
the patients’ clinical history.

Statistical analyses

Statistical analyses were performed using oneway analysis of variance followed by Turkey test for
continuous variables and nonparametric Spearman
correlation for categorical variables.

MATERIALS AND METHODS
Human samples

Liver biopsy samples were collected between 2006
and 2015 from patients consecutively admitted at the
Division of Gastroenterology and Hepatology of Geneva
University Hospitals for investigation of abnormal liver
function tests and fulfilling the diagnostic criteria of
[20]
NAFLD or ALD . Overall, a total of 69 patients were
studied, including 44 obese patients with NAFLD, 17
non-obese patients with ALD and 8 obese patients with
ALD. All patients had a negative serology for hepatitis
B and C, tested negative for autoantibodies, have
normal α-antitrypsin and ceruloplasmin serum levels
and normal transferrin saturation. No patients were
under medications that may induce steatohepatitislike lesions. Patients with NAFLD were obese (Median
BMI 41) and consume less than 10 gr of alcohol per
day. Patients with ALD had a median BMI of 26 and
declared daily alcohol intake above or equal to 40
gr for women and 60 gr for men at the time of liver
biopsy. Liver resections obtained from 3 healthy
subjects candidate for partial liver donation served as
controls. Demographic data, including age, sex, body
mass index (BMI) and alcohol consumption, were
collected at the time of liver biopsy.

RESULTS
PTEN expression is downregulated in steatotic
hepatocytes from patients with NAFLD

PTEN expression was investigated in 44 patients
with NAFLD at different stages of disease (steatosis
n = 10, steatohepatitis without fibrosis n = 14,
steatohepatitis with fibrosis n = 12 and cirrhosis n =
8) and compared to liver biopsy specimens from 3
healthy donors. In healthy individuals (Figure 1a and
b), PTEN immunostaining was intense in both the
cytoplasm and nuclei of all hepatocytes (Figure 1a
and b). In the liver biopsies of patients with NAFLD, a
significant decrease of PTEN expression was observed
in steatotic hepatocytes, or in those in their close
vicinity. Importantly, non-steatotic areas within the
same specimen displayed similar immunostaining
intensity than those of healthy controls, suggesting
that PTEN expression was altered only in steatotic
areas of NAFLD patients. Decrease of PTEN expression
occurred in both the nucleus and the cytoplasm of
hepatocytes. Nevertheless, only the nuclear staining
was used to establish the PTEN score in order to
prevent misevaluation of cytoplasmic PTEN staining
potentially corrupted by the presence of large and
unstained cytoplasmic lipid droplets in steatotic areas.
When patients were divided according to the NAFLD
stage, the expression of PTEN in steatotic areas was
decreased in 9/10 patients with steatosis only (Figure
1c and d, Table 1), in 12/14 patients with steatosis
and inflammatory infiltrate (Figure 1e and f, Table
1), in 11/12 patients with fibrosis (Figure 1g and h,
Table 1) and 6/8 patients with cirrhosis (Figure 1i
and j, Table 1). The degree of PTEN downregulation

Histology and immunohistochemistry

Liver biopsies were formalin-fixed, paraffin-embedded
and processed for histological staining. Histological
evaluations were performed by two experienced
pathologists, and diagnoses established based on
[20]
international criteria . NAFLD activity and fibrosis
[21]
were graded using the NAS score . Steatosis severity
was scored as follows: 0 (none) ≤ 2%, 1 (mild) =
2%-30%, 2 (moderate) = 30%-60% and 3 (severe)
≥ 60% of hepatocytes affected.
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I

J

Figure 1 General histology and immunohistochemical detection of phosphatase and tensin homolog protein expression in the liver of healthy donor
(hepatic resections) or patients with different stages of non-alcoholic fatty liver disease (liver biopsies). Liver sections of healthy donors (A and B) or of obese
patients with steatosis (n = 10, C and D), nonalcoholic steatohepatitis (n = 14, E and F), fibrosis (n = 12, G and H) and cirrhosis (n = 8, I and J) were either stained
with hematoxylin eosin (A, C, E), Masson’s trichrome (G and I) or immunostained with anti-PTEN antibody (B, D, F, H and J). The inset in image (E) shows hepatic
intralobular inflammation characterized by neutrophils (arrow) and ballooning hepatocyte (star). Scale bar = 100 µm. PTEN: Phosphatase and tensin homolog.

Table 1 Demographic data, histological diagnosis of liver biopsies and phosphatase and tensin homolog expression in patients with
non-alcoholic fatty liver disease
Case

Age/sex

2

BMI (kg/m )

Controls
1
86/M
ND
2
32/F
ND
3
36/M
ND
Pure steatosis
4
26/M
39
5
46/M
43
6
38/F
55
7
36/F
34
8
37/F
35
9
45/M
54
10
29/M
41
11
60/F
39
12
43/M
40
13
45/M
42
Steatohepatitis without fibrosis
14
49/F
36
15
48/F
58
16
57/M
34
17
56/F
47
18
40/M
40
19
38/F
45
20
59/F
41
21
50/M
50
22
35/F
51
23
54/F
44
24
42/F
39
25
51/F
43
26
56/M
39
27
39/F
40
Steatohepatitis with fibrosis
28
62/M
39
29
47/F
47
30
21/M
40
31
50/F
42
32
54/M
32
33
57/M
51
34
60/M
40
35
48/F
63
36
55/M
35
37
40/F
45
38
36/M
41
39
59/M
36
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Lobular
inflammation

Hepatocyte
ballooning

Steatosis
score

Steatosis

0
0
0

0
0
0

0
0
0

0%
0%
0%

0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

1
1
1
1
2
2
2
3
3
3

10%
30%
20%
10%
60%
50%
40%
80%
70%
70%

0
0
1
0
0
1
1
1
1
1
1
1
1
1

1
1
1
1
1
2
1
1
1
1
1
2
1
1

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

0
0
0
0
0
0
0
0
0
0
1
1

0
0
0
0
0
0
0
0
0
0
2
2

3
2
3
3
1
2
1
3
2
3
3
2
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Fibrosis

NAS score

Scores for PTEN expression
NS

S

NS-S

0
0
0

4
4
3

/
/
/

/
/
/

0
0
0
0
0
0
0
0
0
0

1
1
1
1
2
2
2
3
3
3

4
3
4
4
3
4
4
4
4
4

2
2
2
4
1
1
1
2
1
1

2
1
2
0
2
3
3
2
3
3

30%
50%
60%
70%
70%
80%
70%
70%
80%
50%
80%
50%
80%
70%

0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
3
4
4
4
6
5
5
5
4
5
5
5
5

2
4
3
4
3
3
4
4
3
3
4
4
3
3

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

0
3
0
2
1
2
3
3
1
1
3
2
1
1

80%
50%
80%
70%
10%
50%
20%
80%
50%
70%
90%
60%

1a
1a
1a
1a
1a
1b
1b
1c
2
2
3
3

3
2
3
3
1
2
1
3
2
3
6
5

4
4
3
4
3
4
3
4
4
2
4
4

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

3
3
1
1
1
3
0
3
3
1
3
3
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Cirrhosis
40
41
42
43
44
45
46
47

61/M
51/F
54/M
64/F
60/M
68/F
65/F
54/F

ND
38
58
35
36
48
47
42

0
1
1
3
1
2
1
2

1
0
1
2
2
1
1
1

1
1
2
1
2
2
3
3

20%
20%
50%
20%
50%
50%
70%
70%

4
4
4
4
4
4
4
4

2
2
4
6
5
5
5
6

3
3
4
3
2
3
4
4

3
3
1
2
1
1
1
1

0
0
3
1
1
2
3
3

The intensity of the PTEN nuclear staining was scored in steatotic (S) and non-steatotic (NS) areas of biopsies. All slides from healthy (Controls) and obese
patients were scored on a staining intensity scale from 0 to 4 with score = 4 representing the highest intensity. Difference between NS and S area (NS-S) was
calculated. ND: Not determined; PTEN: Phosphatase and tensin homolog.

in hepatocytes of patients with NAFLD only weakly
correlated with the percentage of steatosis (r =
0.3061, p = 0.0459) and the BMI (r = 0.4268, p =
0.0043), but not with the NAS score (p = 0.3061), sex
(p = 0.3583), age (p = 0.7931), fibrosis stage (p =
0.7235), degree of lobular inflammation (p = 0.9822)
or hepatocyte ballooning (p = 0.9728).

macrovesicular steatosis is reportedly more frequent
and severe in NAFLD than in ALD, whereas micro
vesicular steatosis, lobular inflammation, MalloryDenk bodies, satellitosis, acute cholestasis, sclerosing
hyaline necrosis and veno-occlusive disease occur
more frequently in ALD than in non-alcoholic steato
[28]
hepatitis . Nevertheless, all these histological features
remain non-specific. Although one study suggested a
disease-specific pattern of fibrosis silver impregnation
i.e., lattice-like in non-alcoholic steatohepatitis and
[29]
solid in ALD , a molecular marker easy to use and
able to discriminate between NAFLD and ALD has not
been identified yet. Here, we show the potential role
of PTEN immunostaining as a differential diagnostic
marker to discriminate between ALD and NAFLD.
The PTEN expression was found to be decreased in
steatotic areas of the liver of patients with NAFLD, while
being preserved in patients with ALD, irrespectively
of the presence of obesity, steatosis and/or the liver
disease stage. However, it has to be acknowledged
that our group of patients with ALD is small and
somewhat heterogeneous with regards to fibrosis and
inflammation. Nevertheless, if our results are confirmed
at a largest scale, PTEN immunostaining could be a
valuable routine diagnostic tool for differentiating ALD
and NAFLD therefore helping the decision making
process in the clinical management of these patients.
The mechanisms of lipid accumulation in NAFLD
and ALD are only partially known: some appear to be
shared, while others seem to follow disease-specific
pathways. The unfolded protein response is activated
in both NAFLD and ALD by oxidative stress, and leads
to the increase of transcriptional factors, such as the
sterol regulatory element binding proteins, involved
[30,31]
in de novo fatty acid synthesis
. Adiponectin, an
adipokine produced by adipocytes that stimulates fatty
[32]
acid oxidation, is downregulated in both NAFLD
[33]
and ALD . On the other hand, some mechanisms
contributing to the development of steatosis might be
disease-specific. For example, an augmented lipolysis
in the adipose tissue leading to increased circulating
free fatty acids has been reported to occur mainly in
[30,34-36]
NALFD but not in ALD
, although this difference
[37]
has been recently challenged in rodent models .
Dysregulated immune mechanisms may also play an
important role in the early events and progression of

Steatosis in patients with ALD does not alter PTEN
expression in hepatocytes

PTEN expression was then performed on paraffinembedded liver specimens from 25 patients with ALD
at different stages of disease (all had steatosis, 15
had inflammation, 13 had different degrees of fibrosis
and 21 had cirrhosis) (Table 2). In contrast to NAFLD
patients, the presence of steatosis in liver samples of
patients with ALD was not associated with a significant
decrease of PTEN expression. Indeed, the intensity of
PTEN immunostaining was similar in steatotic and nonsteatotic areas of each liver biopsy, unaffected by the
stage of the disease or obesity, and always comparable
to the PTEN staining of healthy liver controls (Figure 2).
PTEN expression was therefore not correlated with the
percentage of steatosis in patients with ALD with or
without obesity as a confounding factor (p = 0.5574).
Finally, the PTEN expression level in steatotic areas of
ALD patients was significantly different from that seen
in steatotic areas of NAFLD patients (p < 0.0001).

DISCUSSION
NAFLD and ALD are two frequent liver diseases
[22]
that require each a specific clinical management .
Non-alcoholic steatohepatitis is primarily managed
by lifestyle interventions, i.e., body weight loss
[22-24]
combined to increased physical activity
associated
[22,25]
with selected insulin sensitizers
and vitamin
[22,26]
E administration
. Patients with ALD require
complete alcohol abstinence, and, in severe forms
of steatohepatitis, a short course of steroids, which
[27]
has been proven effective in reducing mortality .
Unfortunately, the differential diagnosis between NAFLD
and ALD may be difficult, owing to the bias intrinsic
to the self-reported nature of alcohol consumption.
In addition, both NAFLD - in its steatohepatitis form and ALD share similar histological features. However,
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Figure 2 General histology and immunohistochemical detection of phosphatase and tensin homolog protein expression in the liver of healthy donor (hepatic
resections) or patients with different stages of alcoholic liver disease (liver biopsies). Liver sections of healthy donors (A and B) or of patients with alcoholic
steatosis (C and D), alcoholic steatohepatitis (E and F) and cirrhotic alcoholic disease (G and H) were stained with hematoxylin eosin (A, C and E), Massson’s trichrome
(G) or immunostained with anti-PTEN antibody (B, D, F and H). Scale bar = 100 µm. The inset in image (E) shows hepatic intralobular inflammation characterized by
neutrophils (star). Scale bar = 100 µm. PTEN: Phosphatase and tensin homolog.
[38]

alcohol-related liver injuries .
Increasing evidence currently supports a key role for
PTEN in the development of steatosis and fibrosis with
distinct etiologies. First, mice bearing a hepatocyte-

WJG|www.wjgnet.com

specific deletion of PTEN develop sequentially an
extended hepatic steatosis, inflammation, fibrosis and
[13,39]
HCC with ageing
. In vitro studies also showed that
PTEN downregulation triggers lipid accumulation in
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Table 2 Demographic data, histological diagnosis of liver biopsies and phosphatase and tensin homolog expression in patients with
alcoholic liver disease
Case

Age/sex

Non-obese patients
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
Obese patients
18
19
20
21
22
23
24
25

2

BMI (kg/m )

Inflammation

Fibrosis

Cirrhosis

Steatosis

Score for PTEN expression
NS

S

NS-S

56/F
49/F
59/M
57/F
66/M
55/F
61/M
43/M
36/M
41/M
64/M
46/F
28/F
51/M
43/M
54/M
36/M

26
25
29
27
25
28
25
23
25
24
21
27
22
25
20
20
23

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

p
psn
psn
psn
psn
p
psn
psn
psn

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

100%
40%
60%
80%
90%
90%
70%
80%
60%
40%
10%
90%
80%
90%
70%
80%
70%

3
4
3
3
4
3
4
4
3
4
4
3
4
4
3
4
3

2
3
3
3
3
3
4
3
2
3
4
3
4
3
3
4
2

1
1
0
0
1
0
0
1
1
1
0
0
0
1
0
0
1

60/M
55/F
57/M
55/M
51/M
65/M
72/M
39/M

30
41
33
30
32
31
34
31

+
+
+
+

psn
p
psn
psn
-

+
+
+
+
+
+

70%
70%
80%
70%
20%
5%
90%
20%

3
3
3
3
4
4
4
4

3
3
3
2
4
4
4
4

0
0
0
1
0
0
0
0

The intensity of the PTEN staining was scored in steatotic (S) and non-steatotic (NS) areas of liver sections. All liver sections from ALD patients were scored
on a staining intensity scale from 0 to 4 with score = 4 representing the highest intensity. Difference between NS and S area (NS-S) was calculated. ND: Not
determined; Ctrl: Controls; psn: Perisinusoidal; p: Portal; PTEN: Phosphatase and tensin homolog; ALD: Alcoholic liver disease.
[14,40]

hepatoma cell lines
. Consistent with these studies,
PTEN expression is decreased in steatotic livers of
genetic and diet-induced obese rat models and in obese
[14]
human subjects . Hepatic PTEN downregulation was
further reported in three different rodent models of liver
inflammation/fibrosis induced either by a methionine/
[41]
[42]
choline deficient diet , or bile-duct ligation
or
[43]
CCL4 administration . In hepatitis C virus (HCV)
infection, PTEN expression and/or activity were also
reported to be altered in hepatocytes and to promote
[44]
the development of steatosis . PTEN downregulation
was even reported to represent an independent
prognostic factor for the survival of HCV-infected
[45]
patients developing a cirrhotic HCC . It thus appears
that steatosis and its progression towards more severe
hepatic disorders are associated with PTEN protein
downregulation in the case of the metabolic syndrome
and HCV infection.
The observation linking PTEN downregulation with
liver disease progression in NAFLD and hepatitis C may
have implications for treatment. Regular statin use has
[46,47]
been shown to upregulate PTEN in heart tissue
,
[48]
[49-51]
skeletal muscles
and cancer cells
through
various mechanisms including decreased expression
[52]
[49]
of PTEN-targeting microRNAs , NF-κB inactivation
[50,51]
and PPARγ activation
. Regarding the relationship

WJG|www.wjgnet.com

between statins and liver disease progression, the
few data in NAFLD suggests some beneficial effect,
[53]
at least on steatosis . More convincing evidence has
been reported in patients with chronic hepatitis C,
where statin use was associated with a significantly
lower liver fibrosis progression, independently of
[54-56]
inflammation and viral load changes over time
.
Thus, one cannot exclude that the beneficial effects
of statins may be mediated by PTEN upregulation in
the liver with NAFLD or HCV infection, however direct
evidence are currently lacking. Obviously, the longterm use of statins in these conditions should also
be weighed against the risk of toxicity, in particular
concerning the increased risk of insulin resistance and
type 2 diabetes development, which can results from
[48,57,58]
PTEN upregulation in skeletal muscles
.
Surprisingly, PTEN protein expression was reported
[18]
increased in hepatoma cells exposed to ethanol
[16]
and in the liver of rats chronically fed with ethanol .
However, although PTEN expression is upregulated
in the liver of ethanol-fed mice, the enzyme was
shown to be highly carbonylated, a post-translational
[59]
modification that decreases its phosphatase activity .
From these data, it results that steatosis in ALD
is also associated in final with an impaired PTEN
activity, although this defect is mediated by inhibition
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common event occurring at early stage of NAFLD, hepatitis C virus (HCV)
infection and ALD. However, the molecular mechanisms underlining the
loss of PTEN function are different, since they consist of the PTEN protein
downregulation in NAFLD and HCV infection, whereas in ALD only PTEN
activity is impaired but not its expression. In this study, the authors reported the
differential expression of the PTEN protein in the liver of patients with NAFLD
or ALD at various stages of these diseases, a finding of diagnostic significance.

of its enzymatic activity and not by repression of its
expression as it is the case with obesity and HCV
infection.
The mechanisms leading to PTEN protein up
regulation in hepatocytes exposed to alcohol are
currently unknown. One attractive hypothesis is that
PTEN transcription is stimulated by the transcription
[60,61]
factor Egr1 in response to alcohol
. However,
assessing whether PTEN expression is modulated
at the mRNA level in human livers is technically
challenging. Indeed, isolation of good quality mRNA
from human liver biopsies processed for histological
analysis is still poorly effective and cannot be used
in routine diagnostic procedures. In addition, the
high expression of a PTEN pseudogene (PTENP1)
in human tissues can lead to misinterpretation of
analyses aiming at assessing PTEN mRNA expression
[62]
in pathological situations . This is the reason why
immunohistochemical detection of PTEN protein
expression in clinical samples remains likely the gold
standard method to assess PTEN expression in liver
biopsies.
Our data and previous reports discussed here
strongly support the concept that downregulation
of either the expression, or the activity, of PTEN
represents an important pathological mechanism
contributing to the development of fatty liver diseases
with distinct etiologies. However the mechanism
affecting PTEN functions are different depending on
the etiologies of the diseases. In this study, we show
that we can take advantage of the different molecular
mechanisms affecting PTEN activity or expression
in liver metabolic disorders to identify their etiology.
Thus, the immunohistochemical detection of PTEN
protein expression should be added to the diagnostic
armamentarium of pathologists and clinicians in the
differential diagnosis of NAFLD and ALD in humans.

Applications

Herein, the authors show that the different molecular mechanisms affecting
PTEN expression in liver metabolic disorders can be an advantage to identify
their etiology. Thus, the immunohistochemical detection of PTEN protein
expression should be added to the diagnostic armamentarium of pathologists
and clinicians in the differential diagnosis of NAFLD and ALD in humans.

Terminology

The “two hits” Knudson’s hypothesis for tumour suppressors suggests that each
allele of a tumour suppressor needs to be mutated, or deleted, to contribute to
carcinogenesis, since one copy of a tumour suppressor is sufficient to ensure
its function. Mallory-Denk bodies are damaged eosinophilic filamentous material
forming inclusions in the cytoplasm of hepatocytes, in both ALD and NAFLD.

Peer-review

The article is very interesting and useful for clinicians. The small number of
patients included in the study is a limit recognized by the authors, but most
studies requiring liver biopsy in these types of pathology are difficult to achieve
in a single center. A multicenter future study would be useful in this regard.
Authors must underline the clinical implications of their research and add to
discussion a comment on the beneficial role of statins, with regard to PTEN
expression, in nonalcoholic fatty liver disease and in chronic hepatitis C.
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Abstract

Institutional review board statement: In this study, we performed
all experiments in vitro using cell lines and did not include humans
or animals; therefore this requirement does not apply.

AIM: To elucidate the mechanism(s) by which S-ade
nosyl-L-methionine (SAM) decreases hepatitis C virus
(HCV) expression.

Conflict-of-interest statement: All listed authors in this manuscript
do not have financial relationships to disclose.

METHODS: We examined the effects of SAM on
viral expression using an HCV subgenomic replicon
cell culture system. Huh7 HCV-replicon cells were
treated with 1 mmol/L SAM for different times (24-72
h), then total RNA and proteins were isolated. cDNA
was synthesized and real time-PCR was achieved to
quantify HCV-RNA, superoxide dismutase 1 and 2

Data sharing statement: We did not include data sharing from
other researchers.
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(SOD-1, SOD-2) catalase, thioredoxin 1, methionine
adenosyltransferase 1A and 2A (MAT1A, MAT2A)
expression, and GAPDH and RPS18 as endogenous
genes. Expression of cellular and viral protein was
evaluated by western-blot analysis using antibodies
vs HCV-NS5A, SOD-1, SOD-2, catalase, thioredoxin-1,
MAT1A, MAT2A, GAPDH and actin. Total glutathione
levels were measured at different times by Ellman’s
recycling method (0-24 h). Reactive oxidative species
(ROS) levels were quantified by the dichlorofluorescein
assay (0-48 h); Pyrrolidin dithiocarbamate (PDTC) was
tested as an antioxidant control and H2O2 as a positive
oxidant agent.

enzyme systems, restoring biosynthesis of glutathione
and switching methionine adenosyltransferase 1
(MAT1)/MAT2 turnover in HCV expressing cells.
Lozano-Sepulveda SA, Bautista-Osorio E, Merino-Mascorro JA,
Varela-Rey M, Muñoz-Espinosa LE, Cordero-Perez P, MartinezChantar ML, Rivas-Estilla AM. S-adenosyl-L-methionine
modifies antioxidant-enzymes, glutathione-biosynthesis and
methionine adenosyltransferases-1/2 in hepatitis C virusexpressing cells. World J Gastroenterol 2016; 22(14): 3746-3757
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i14/3746.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i14.3746

RESULTS: SAM exposition decreased HCV-RNA levels
50%-70% compared to non-treated controls (24-72 h).
SAM induced a synergic antiviral effect with standard
IFN treatment but it was independent of IFN signaling.
In addition, 1 mmol/L SAM exposition did not modify
viral RNA stability, but it needs cellular translation
machinery in order to decrease HCV expression. Total
glutathione levels increased upon SAM treatment in
HCV-replicon cells. Transcriptional antioxidant enzyme
expression (SOD-1, SOD-2 and thioredoxin-1) was
increased at different times but interestingly, there
was no significant change in ROS levels upon SAM
treatment, contrary to what was detected with PDTC
treatment, where an average 40% reduction was
observed in exposed cells. There was a turnover
from MAT1A/MAT2A, since MAT1A expression was
increased (2.5 fold-times at 48 h) and MAT2A was
diminished (from 24 h) upon SAM treatment at both
the transcriptional and translational level.

INTRODUCTION
[1]

Chronic hepatitis C (CHC) is a global burden ; around
3% (170-200 million people) of the total population
[2]
is infected with hepatitis C virus (HCV) and CHC
eventually may lead to cirrhosis and hepatocellular
[3]
carcinoma (HCC) . In over 70% of cases, the immune
response is unable to clear the virus, resulting in viral
persistence. Current standard of care is based on the
mixed scheme of pegylated interferon 2α (PEG-IFN),
[4]
ribavirin (RBV) and a protease or a polymerase
[5]
inhibitor .
The mechanisms by which HCV causes cell damage
are poorly elucidated and different metabolic pathways
have been proposed in its pathogenesis, including
the active participation of oxidative stress in chronic
HCV infection. A major increases in several markers of
oxidative stress are reported in HCV infection, such as
inflammation, iron overload and mitochondrial injury,
[6]
induced by viral proteins . Oxidative stress has been
described to be present in CHC patients. To date,
reactive oxygen species (ROS) induction has been a
[7]
subject of study for understanding HCV pathogenesis .
Direct measures in liver tissue show that patients with
[8]
CHC have an increase in ROS . Cells get protection
against oxidative damage by natural antioxidant
molecules, notably glutathione, and several antioxidant
enzymes, such as superoxide dismutases (SOD1 and
SOD2), catalase (CAT), glutathione peroxidase (GPx)
[9]
and thioredoxin 1 (TRX1) . Studies in subjects with
chronic HCV infection have found decreased levels of
[10,11]
glutathione
and other antioxidants and enzymatic
[12-14]
[15]
activity
. Levent et al , published a clinical study
in which different oxidative stress markers were
measured in CHC patients, showing that plasmatic
SOD1 levels had a significant reduction compared with
healthy subjects. A reduction in SOD1 and GPx reflects
a decrease in liver synthesis and antioxidant power
in patients with HCV, and this might be considered an
early marker of oxidative stress. At the same time,
when markers of oxidative stress were compared in
patients infected with HCV, before and after treatment,
[15]
the levels showed a recovery . However, more data

CONCLUSION: A likely mechanism(s) by which SAM
diminish HCV expression could involve modulating antio
xidant enzymes, restoring biosynthesis of glutathione
and switching MAT1/MAT2 turnover in HCV expressing
cells.
Key words: Hepatitis C virus; S-adenosyl-L-methionine;
Superoxide dismutase 1; Superoxide dismutase 2;
replication; Hepatitis C virus-RNA; NS5A; Oxidative
stress; Antioxidants; viral proteins; reactive oxygen
species; Pyrrolidine dithiocarbamate
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: S-adenosyl-L-methionine (SAM) downregulates
hepatitis C virus (HCV) expression by unknown me
chanisms. We evaluated the effects of SAM on viral
expression using an HCV subgenomic replicon cell
culture system. We observed that SAM induces a
synergic antiviral effect with standard interferon (IFN)
treatment independently of IFN signaling pathways;
it does not modify viral RNA stability, but it needs
cellular translation machinery in order to decrease
HCV expression. In addition, results demonstrated
that a likely mechanism(s) by which SAM decreases
HCV expression could involve modulating antioxidant
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Quantitative real-time RT-qPCR for HCV-RNA and mRNA
of antioxidant enzymes

are needed in order to understand the role of HCV
expression in the disturbance of oxidative stress levels
in infected cells.
Recently, it has been reported that S-adenosylL-methionine (SAM), decreases HCV RNA levels;
however, the mechanism(s) involved are unknown.
SAM is the main precursor of glutathione synthesis.
Methionine adenosyltransferase 1A (MAT1A) enzyme
is responsible of its biosynthesis in normal liver, but it
is replaced by MAT2A in liver regeneration and hepatic
[16-18]
carcinoma
. Based on this, we evaluated the
effects of SAM exposition on HCV viral replication and
protein expression and analyzed possible mechanisms
involved using a hepatoma cell line expressing HCV
proteins. Furthermore, the regulation of MAT1A and
MAT2A enzymes involved in endogenous SAM synthesis
was analyzed. Our findings suggest that SAM is able
to diminish HCV expression at least in part through
modulation of antioxidant enzymes, biosynthesis of
glutathione and switching MAT1A/MAT2A turnover
in HCV expressing cells. These findings suggest the
possibility that SAM modulation could help to counteract
HCV-induced damage.

Total RNA was then subjected to RT using a highcapacity complementary DNA (cDNA) archive kit
(Applied Biosystems, Foster City, CA, United States)
as described by the manufacturer’s specifications.
Two hundred ng of cDNA were used to perform realtime PCR for HCV-RNA, antioxidant genes, MAT1A,
MAT2A, RPS18 and GAPDH mRNA quantification.
HCV amplifications were done in triplicate with the
following oligonucleotides: HCV-Forward (+75-93
nt), 5’-GCGTCTAGCCATGGCGTTA-3’; HCV-Reverse
(+138-157 nt), 5’-GGTTCCGCAGACCACTATGG-3’;
and the TaqMan probe (+94-110 nt), 5-FAMCTGCACGACACTCATAC-NFQ-3’. For each PCR
reaction, 10 µL of TaqMan PCR Master Mix, 1 µL of
20 × Assay Mix, and 9 µL of cDNA diluted in RNase
free-water were used. For cellular genes analyzed,
Sybr green chemistry was used for detection, and
the following oligonucleotides were used: for SOD-1
gene forward 5’-AGGGCATCATCAATTTCGAG-3’,
reverse 5’-TGCCTCTCTTCATCCTTTGG-3’; SOD-2,
forward 5’-GGAACGGGGACACTTACAAA-3’, reverse
5’-CACCCTCGTGCGAATGATGG-3’; Thioredoxin-1
f o r w a r d 5 ’ - C T G C T T T T C A G G A A G C C T T G - 3 ’,
reverse 5’-TGTTGGCATGCATTTGACTT-3’; MAT1A
f o r w a r d 5 ’ - A C AT C G G A G T C T G T G G G A G A - 3 ’,
reverse 5’-CGGTCTTGCACACTGTCTCA-3’; MAT2A
f o r w a r d 5 ’ - G G TA G C C TT G G A G C A A C A G T- 3 ’,
reverse 5’-CTGGTCTCCAGCACCAATGT-3’; CAT
forward 5’-TAAGACTGACCAGGGCATC-3’, reverse
5’-CAAACCTTGGTGAGATCGAA-3’; Ribosomal-18S
(RPS18) forward 5’-TGTGGTGTTGAGGAAAGCAG-3’,
reverse 5’-AAGTGACGCAGCCCTCTATG-3’. For each
PCR reaction, 10 µL of SYBR-Green PCR Master Mix, 1
µL of each oligonucleotide 10 µmol/L, and 8 µL of cDNA
diluted in RNase-free water were added. Conditions
for temperature cycling were: setup at 50 ℃ for 2
min, then 95 ℃ for 10 min, 40 cycles of 95 ℃ for 15
s and 60 ℃ for 60 s. Data were recorded and plots
were generated. GAPDH and RPS18 expression was
monitored and used to normalize assays. For GAPDHRNA expression, we used a GAPDH (20 ×) assay
(Applied Biosystems, Foster City, CA, United States) as
described by the manufacturer’s specifications.

MATERIALS AND METHODS
Cell culture and treatments

We used a genotype 1b HCV subgenomic Huh7-replicon
cell culture system (harboring the subgenomic HCV
[19,20]
replicon I389/NS3-3), described previously
. Huh7replicon cells were cultured in advanced Dulbecco’s mo
dified Eagle’s medium (GIBCO-BRL; Grand Island, NY,
United States) supplemented with 2% fetal bovine
serum, 1% nonessential amino acids, 200 IU of
penicillin G and 200 mg of streptomycin/mL at 37 ℃.
For each experimental condition, cells were plated
and 24 h later, were treated either with SAM (1-5
mmol/L), a combined treatment with PEG-IFNα + RBV
(double therapy), or 5 µmol/L PDTC (time zero) and
then incubated until 72 h. Cell viability was calculated
by comparing the different conditions with untreated
cells (100% viability). Upon each experimental
condition, total RNA and proteins were extracted from
the cell cultures and subjected to real-time reverse
transcriptase polymerase chain reaction (RT-qPCR) and
western blot analysis, respectively. S-(5′-Adenosyl)L-methionine p-toluenesulfonate SAM) salt was
purchased from Sigma (St. Louis MO, United States).

Protein extraction and immunoblot assay

After each treatment, cells were lysed and proteins
were extracted and quantified as we described
[22]
before . Fifty micrograms of protein were resolved
by 12% SDS-PAGE and transferred onto PVDF mem
branes (Amersham Biosciences, Freiburg, Germany).
Membranes were incubated with one of the following
antibodies: anti-NS5A antibody (Abcam, Cambridge,
MA, United States), anti-MAT1, anti-MAT2, anti-PKR,
anti-STAT1 (Abcam, Cambridge, MA, United States)

RNA extraction

Upon each experimental condition, total RNA was
isolated from cells using Trizol reagent (Life Techno
logies, Carlsbad, CA, United States) as described by
[21]
the manufacturer’s specification . Isolated RNA was
washed with 75% ethanol and diluted in 30 µL of
RNase-free water.
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Figure 1 Effect of S-adenosyl-L-methionine in hepatitis C virus expression
and cell viability. A: Cell viability in HCV-replicon cells exposed to SAM. Huh7
HCV replicon cells were treated with SAM at indicated concentrations for 24, 48
and 72 h. Cell viability was then determined by MTT assay and the % viability
was calculated by comparing the different conditions with untreated cells (100%
viability); B: HCV NS5A protein levels in Huh7 HCV replicon cells treated with
SAM. Huh7 HCV replicon cells (2 × 105 cells) were incubated with SAM 1
mmol/L. Cell lysates were prepared, and equal amounts of protein extracts (30
µg) were subjected to immunoblot analysis to detect NS5A. GAPDH was used
as a control. SAM: S-adenosyl-L-methionine; HCV: hepatitis C virus.

All variables were evaluated in triplicate and experi
mental conditions were performed at least three
times. All values were scored as means ± SD. Oneway analysis of variance was done to evaluate for
differences in means and the t-test was performed
for comparisons. In all experiments, if p < 0.05, the
differences were considered significant.

RESULTS

or anti-actin MAb (MP Biomedicals, Aurora, OH,
United States). Upon washing with TBS/Tween, the
membranes were exposed to horseradish-peroxidase
conjugated anti-mouse IgG, anti-rabbit IgG or anti-goat
IgG (Promega, Madison, WI, United States). Detection
was made using Western-Blotting Chemiluminescence
Luminol Reagent (Santa Cruz Biotech). We performed
each experiment in triplicate, and densitometric
analysis was done to quantify relative expression
of each protein detected by immunoblotting. The
ratios of NS5A and actin were quantified with ImageJ
1.46r 2011 software. ANOVA was used to determine
statistical differences. The differences were considered
significant if p < 0.05.

SAM treatment downregulates HCV expression

First, cell viability experiments demonstrated that there
were no cytotoxic effects of SAM at the concentrations
of 2.5 mmol/L or less on HCV-replicon cells as
demonstrated by MTT assay (Figure 1A). Also, as we
previously reported, there were no cytotoxic effects
of PDTC at the concentrations used. Based on this,
we evaluated the effect of SAM on HCV-expression in
HCV-replicon cells. We incubated cells with 1 mmol/L
SAM at three different time points (24, 48 and 72
h), then cells were lysed and total proteins were
extracted and subjected to western blot analysis. We
observed that SAM dramatically inhibited HCV-NS5A
protein levels compared with untreated cells (around
90% inhibition). In addition, this effect was time
dependent because we observed a higher viral protein
decrease in SAM-treated cells at 72 h post-treatment
(Figure 1B). To determine if the effect of SAM on viral
replication was due to the cytotoxic effect on treated
cells, we evaluated cell viability and total cell count
on SAM-treated cells. Figure 1A demonstrates that

Total GSH and GSSG

To determine oxidative stress levels in Huh7-replicon
cells upon SAM treatment, two major indicators were
evaluated at different time points and concentrations:
glutathione levels and ROS production. The detection
of GSH and GSSG was performed using a specific kit
(GSH Assay Kit; Ann Arbor, MI, United States). Huh7
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Huh7 HCV replicon cells (2 × 10 cells) were incubated
with 1 mmol/L SAM at different time points (0.5, 1,
3, 12, 24 and 48 h). ROS levels were assessed by
DCFH-DA assay. Fluorescence was detected at 503
nm and 530 nm, excitation and emission wavelengths
®
respectively, by GloMax -Multi Microplate Multimode
Reader (Promega, Fitchburg, WI, United States).
Hydrogen peroxide (H2O2, 1 µmol/L) was used as a
positive damage control and pyrrolidine dithiocarbamate
(PDTC, 5 µmol/L) as antioxidant control.
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Figure 2 Synergic antiviral effect of S-adenosyl-L-methionine plus standard interferon treatment. A: Effect of SAM and PEG-IFN + RBV on HCV-RNA levels.
Huh7 HCV replicon cells (2 × 105 cells) were incubated with 1 mmol/L SAM alone or SAM plus PEG-IFN (1000 UI/ml) and RBV (50 µmol/L). Cells were harvested at
24, 48 and 72 h and HCV-RNA levels were quantified by real-time RT-PCR and normalized with GAPDH and RPS18 using delta delta Ct method. Mean results from
three independent experiments are shown. bp ≤ 0.01 comparison of SAM vs untreated cells; dp ≤ 0.01 comparison of SAM + PEG-IFN + RBV vs untreated cells;
B: HCV NS5A protein levels in Huh7 HCV replicon cells treated with SAM PEG-IFN + RBV. Huh7 HCV replicon cells (2 × 105) cells were incubated with 1 mmol/L
SAM alone or SAM plus PEG-IFN (1000 UI/ml) and RBV (50 µmol/L). Cell lysates were prepared, and equal amounts of protein extracts (40 µg) were subjected
to immunoblot analysis to detect NS5A and actin levels. The ratios of NS5A and actin were quantified with ImageJ 1.46r 2011 software, means of three blots are
represented in the graphic. bp ≤ 0.01 comparison of SAM vs untreated cells; dp ≤ 0.01 comparison of SAM + PEG-IFN + RBV vs untreated cells; C: Huh7 HCV
replicon cells (1.5 × 104 cells) were incubated with 1 mmol/L SAM alone, or SAM plus PEG-IFN (1000 UI/ml) and RBV (50 µmol/L). Cells were harvested at 24, 48
and 72 h and total proteins were obtained. Cell lysates were prepared, and equal amounts of protein extracts (40 µg) were subjected to immunoblot analysis to detect
STAT1, PKR and actin levels. SAM: S-adenosyl-L-methionine; HCV: hepatitis C virus; IFN: interferon; RBV: ribavirin.

no significant difference in cell number and viability
was present among unexposed (100% viability) and
exposed cells with 1 to 5 mmol/L SAM concentration
(98% and 85%, respectively) and this effect was timedependent. Based on this data, we used 1 mmol/L
SAM for subsequent experiments.

dependent fashion reaching the highest inhibition
value at 72 h post-SAM treatment in HCV replicon cells
(60% of inhibition at 48 h and 75% of inhibition at 72
d
h, P < 0.01) (Figure 2A). As we expected PEG-IFN
+ RBV treatment declined HCV-RNA levels at 24, 48
and 72 h upon treatment (around 80%). Interestingly,
combined treatment of SAM + PEG-IFN + RBV showed
a maximal inhibition of HCV-RNA at the three times of
exposition (around 92% of inhibition at 24, 48 and 72
d
h, P < 0.01) (Figure 2A). Taken together, these results
demonstrated that SAM possesses a synergic antiviral
effect in this replicon cell culture system.
Next, we evaluated the effect of these treatments
on HCV protein expression. Cell lysates were prepared
and subjected to western blot analysis to detect
NS5A protein. Results from three immunoblots were

SAM induces a synergic antiviral effect with standard
IFN treatment but it is independent of IFN signaling

We further investigated whether the effect of SAM on
HCV expression is similar to IFN-standard treatment
(PEG-IFN + RBV). We incubated Huh7-replicon
cells either with 1 mmol/L SAM, PEG-IFN + RBV or
combined treatment, and then cells were harvested
at three different time points. Real-time RT-PCR assay
showed that viral RNA was downregulated in a time
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analyzed by densitometry and graphics showed similar
results (Figure 2B). Basically, we found that NS5A
protein levels were also decreased in a time depended
manner. We also observed a synergistic effect of SAM
+ PEG-IFN + RBV treatment to decrease viral proteins
at 24, 48 and 72 h (40%, 60% and 55% respectively)
d
( P < 0.01).
To investigate if this synergic antiviral effect is
mediated by a higher stimulation of IFN signaling by
SAM, we examined the STAT1 and PKR protein levels
by western blot analysis. We found that 1 mmol/L
SAM-treatment does not induce STAT1 and PKR
protein expression (Figure 2C, lanes 2, 6 and 10)
in Huh7-replicon cells at 24, 48 and 72 h. Contrary
to this, it seems that SAM decreases STAT1 protein
expression at the three times of exposure (Figure 2C,
lanes 2, 6 and 10). On the other hand, immunoblot
analysis of protein extracts from IFN + RBV or SAMcombined treated cells clearly showed an increase in
PKR and STAT1 proteins (Figure 2C lanes 3, 4, 7, 8, 11
and 12). Together these data suggest that interferon
signaling seems not stimulated by SAM exposition and
therefore, inhibition of viral replication and protein
synthesis by SAM may be independent of IFN-induced
status.

but upon SAM addition, a slight increase of viral RNA
was observed (Figure 3A). Interestingly, when we
analyzed the NS5A protein levels upon CHX alone
or combined with SAM treatment, we observed that
protein levels were slightly decreased at 16, 24 and 36
h upon CHX stimulation compared with control cells
(non-treated cells) (Figure 3B). However, when cells
were exposed to CHX + SAM, the NS5A protein levels
were greater than those observed in cells incubated
only with SAM at the same times (Figure 3B). We
found that CHX partially reversed the negative effect
of SAM on HCV expression (Figure 3B; lane 4, 8 and
12). After a cell is infected by virus, numerous cellular
mechanisms are triggered to prevent the virus from
completing its viral cycle. Many of these mechanisms
depend on the activation and increased synthesis of
proteins with specific antiviral activity (as PKR, Mx1,
OAS), so when cellular translation is inhibited, the
synthesis of these proteins also decreases, then the
levels of viral RNA could increase during this period
due to the absence of inhibiting replication proteins.
Together, these results suggest that cellular translation
machinery and protein stability could play a role in
the modulation of HCV protein synthesis by SAM in
cultured cells.

SAM exposition does not modify viral RNA stability,
but it needs cellular translation machinery in order to
decrease HCV expression

Effect of SAM exposition on oxidative stress markers

Cells are protected against oxidative damage by
natural antioxidant molecules, notably glutathione, and
several antioxidant enzymes. It is reported that one
of the biological activities of SAM is as antioxidative
[23]
agent . However, there is not enough data on
whether its antioxidant properties could be implicated
in the downregulation of HCV expression. We studied
the modulation of oxidative stress markers in the
negative regulation of HCV-RNA induced by SAM.
First, we were interested in determining whether
SAM could influence cellular enzymatic antioxidant
systems expression, such as SOD 1 and 2 enzymes,
CAT, and TRX1 in order to decrease viral expression.
To evaluate this effect, mRNAs levels of these enzymes
were examined by quantitative real-time RT-PCR in
cells expressing HCV-proteins exposed to 1 mmol/L
SAM for 0 to 72 h, and then compared to non-treated
cells. We observed that transcriptional expression of
SOD-1, SOD-2 and TRX1 was upregulated (0.5-fold,
2.5-fold and 2 fold, respectively compared to control)
at different times of exposition (24-72 h) in the same
cell system (Figure 4A).
SAM is the main precursor of glutathione synthesis.
Next, we measured the total glutathione levels in HCVreplicon cells treated with 1 mmol/L SAM from 0 to 24
h by using Ellman’s recycling method. As we expected,
we found that total glutathione levels were increased
in treated cells upon 6 h post-treatment (about
80%-60%) compared to control cells without SAM,
and then levels began to decrease (Figure 4B).
Finally, we measured if these antioxidant mecha

The aforementioned results suggest the possibility that
SAM-treatment may either diminish the transcription
rate of viral RNA or decrease viral RNA or protein
stability in addition of the negative effect on HCVRNA levels observed before (Figure 2). To investigate
this point we next explored whether SAM modifies
HCV-RNA levels upon actinomycin D (Act D) and
cycloheximide (CHX) treatment.
Huh7 HCV-replicon cells were treated either with
Act D (to block cellular mRNA transcription by RNA
polymerase Ⅱ) or CHX (to block the cellular translation
rate of proteins) and 2 h later 1 mmol/L SAM was
added. Cells were incubated for sixteen hours and then
harvested in order to perform HCV-RNA quantification.
We found that in Act D-treated cells, the viral RNA level
was stabilized and accumulated (it was not degraded),
which explains that after 16 h of treatment there was
an increase in the basal levels of HCV-RNA (steadystate levels). When cells were treated simultaneously
with SAM and Act D, SAM treatment was not able to
decrease increased basal levels of viral RNA stabilized
by Act D. On the basis of this finding, we can conclude
at this point that the reduction on viral RNA mediated
by SAM is an independent mechanism that does not
involve alterations in its half-life and reduction of HCVRNA stability (Figure 3A).
Moreover, in the cells treated with CHX for the
indicated times, we observed that HCV-RNA levels
were not affected by blocking translational machinery
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Figure 3 Role of actinomycin D and cycloheximide on the antiviral effect of S-adenosyl-L-methionine. A: SAM decreases replicon RNA levels without affecting
its stability. Huh7 HCV replicon cells (1.5 × 105 cells) were incubated with SAM 1 mmol/L, some cells were treated with actinomycin D (4 µg/ml) or CHX (50 µg/ml)
for 2 h, then SAM was added. Cells were harvested 16 h later and HCV-RNA levels were quantified by real-time RT-PCR and normalized with GAPDH using ΔΔCt
method. Mean results from three experiments are shown; B: CHX partially reverts the downregulated NS5A protein expression induced by SAM. Huh7 HCV replicon
cells (1.5 × 105 cells) were incubated with SAM 1 mmol/L, some cells were treated CHX (50 µg/ml) after 4 h of SAM treatment. Cells were harvested at different time
points (0-36 h), then total protein was extracted and western blot for NS5A and GAPDH was performed. CHX: cycloheximide; SAM: S-adenosyl-L-methionine; HCV:
hepatitis C virus.

nisms up-regulated by SAM are enough to counteract
the oxidative stress induced in the cells by HCV
proteins and then decrease viral expression. Huh7
replicon-cells were incubated with 1 mmol/L SAM
at different time points (0 to 48 h) and then ROS
levels were assessed by DCFH-DA assay. A potent
antioxidant, pyrrolidine dithiocarbamate (PDTC), was
[24]
used as a control to decrease ROS
and H2O2 was
used as a positive damage control. Interestingly, we
observed that there was no significant variation in ROS
levels in both cell types after SAM exposition at all
times evaluated, in contrast to the observed with PDTC
exposition where an average of 40% reduction was
observed (0.5-24 h) (Figure 4C). Our results suggest
that the antiviral activity of SAM could be mediated at
least partially by the induction of enzymatic antioxidant
systems and total GSH turnover, triggering unknown
signaling pathways but with minimal effect on ROS
levels.

synthesis, but upon several liver insults it is replaced
by MAT2A in liver regeneration and HCC. Huh7 cells
are derived from a hepatocarcinoma cell line, then
in our experimental setting it was expected that
MAT1A levels were downexpressed and MAT2A were
major expressed. To further address the mechanisms
involved in the SAM-induced downregulation of
HCV expression, we evaluated the role of MAT1A
and MAT2A enzymes in our cell system expressing
HCV proteins. HCV replicon-cells were treated
with SAM as mentioned before and then qPCR and
western blot assays were performed to evaluate
enzyme expression. From our results we observed
two complementary phenomena (Figure 5). First, a
transcriptional downregulation was observed in both
enzymes at 24 h because cells were plenty of SAM,
thus they do not need to synthesize it more; but later
on we observed a major upregulation of MAT1A-mRNA
at 48 h upon treatment (2.8 fold-times), while MAT2AmRNA synthesis was less induced (1.4 fold) (Figure
5A). This turnover from MAT1A /MAT2A at 48 h upon
SAM exposition is better represented in figure 5B.
Second, there was a translational upregulation of

Turnover of MAT1A/MAT2A is induced by SAM treatment
in Huh7 replicon-cells

In normal liver MAT1A is responsible for SAM bio
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Figure 4 Effect of S-adenosyl-L-methionine exposition on oxidative stress markers. A: Effect of SAM on antioxidant enzyme expression. Huh7 HCV replicon
cells (2 × 105 cells) were incubated with 1 mmol/L SAM and then cells were harvested at 24, 48 and 72 h. SOD1, SOD2, catalase and thioredoxin 1 mRNA levels
were quantified by real-time RT-PCR and normalized with GAPDH and RPS18 using the delta delta Ct method. Mean results from three independent experiments
are shown. ap ≤ 0.05 comparison of SOD1 expression in cells treated with SAM vs untreated cells; cp ≤ 0.05, SOD2 expression of SAM treated cells vs untreated;
and ep ≤ 0.05, TRX1 expression of SAM treated cells vs untreated; B: Total glutathione amount in HCV-replicon cells treated with SAM. Huh7 HCV-replicon cells
(2 × 105 cells) were treated with 1 mmol/L SAM. Total glutathione level was evaluated at different times by Ellman’s recycling method (0-24 h). Mean results from
three independent experiments are shown; C: Effect of SAM in ROS levels. HCV replicon-containing cells (2 × 104 cells) were incubated with 1 mmol/L SAM at
different time points (0.5, 1, 3, 12, 24 and 48 h). ROS levels were assessed by DCFH-DA assay. Fluorescence was measured at 503 nm and 530 nm, excitation and
emission wavelengths, respectively. Hydrogen peroxide (1 µmol/L H2O2) was used as a positive damage control and pyrrolidine dithiocarbamate (5 µmol/L PDTC)
as antioxidant control. SAM: S-adenosyl-L-methionine; HCV: hepatitis C virus; SOD: superoxide dismutase; ROS: Reactive oxidative species; PDTC: Pyrrolidin
dithiocarbamate.

WJG|www.wjgnet.com

3753

April 14, 2016|Volume 22|Issue 14|

Lozano-Sepulveda SA et al . SAM decreases HCV-RNA expression

A

3.5

a

MAT1A

3.0
mRNA level (ΔΔCt)

DISCUSSION

Control

Recently it has been reported that SAM treatment
improves early virological response in CHC patients
with previous nonresponse treated with PEG-IFN +
[25]
RBV . In this study we demonstrated that SAM alone
has the capacity to downregulate transcriptional and
translational HCV expression in a hepatoma cell line
expressing HCV viral proteins. In addition, there are
in vivo and in vitro experiments reporting that SAM
could enhance the antiviral effect of IFN, based on
that SAM might be related to an early viral response.
Our findings reinforce partially the data presented
[26]
by Feld et al
showing that SAM possesses antiviral
action against HCV. In Feld’s report the effect in vitro
of the addition of SAM on viral clearance was not
apparent until 72 h after interferon treatment, while
in our experiments we found a clear decline of HCV
expression since 24 h upon SAM alone or combined
(SAM + IFN + RBV) exposition (Figures 1B and 2)
and that could be due to the higher dose used in our
experiments (1 mmol/L SAM). Contrary to results
[26]
found by Feld et al , our results reveal that SAM
possesses an early synergic antiviral effect when it is
added to IFN + RBV treatment in HCV replicon cell
culture system.
On the other hand, in our study the addition of SAM
to PEG-IFNα and RBV does not improve the expression
of ISGs genes. We observed that PKR and STAT1
protein levels were stimulated in the presence of IFNα
+ RBV but not upon SAM exposition, suggesting that
HCV downregulation mediated by SAM is independent
of IFNα stimulated pathways. These findings could
have clinical application in terms of understanding the
pathophysiology of the disease.
SAM is a pleiotropic molecule involved in multiple
cellular reactions, participating directly in the following
three types of reactions: transmethylation, trans[27]
sulfuration and aminopropylation . SAM is also
involved in many other biochemical reactions in the
human body, serving as a key metabolite that regulates
[28,29]
hepatocyte growth, death and differentiation
.
Based on this, we explored if alteration of RNA stability
or basal levels are triggered by SAM or its metabolites.
Based on our finding, we can suggest that the decrease
in viral RNA mediated by SAM is due to an independent
mechanism that does not involve alterations in its halflife and reduction of HCV-RNA stability (Figure 3A).
However, SAM needs a cellular protein translation
process to subsequently decrease the expression of
viral proteins (Figure 3B).
It has been well established that SAM is the main
methyl donor in methyltransferase reactions and that
SAM supplementation restores hepatic glutathione
deposits, which is a well-known anti-oxidant important
for prevention of liver injury. To investigate the possible
mechanism(s) responsible for the SAM anti-HCV
observed effect we examined antioxidant enzyme
RNA levels and GSH/GSSG ratio. Previously we have
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Figure 5 Effect of S-adenosyl-L-methionine on methionine adenosyl
transferase 1/2 turnover. A: Assesment of MAT-mRNA: Huh7 HCV replicon
cells (2 × 105 cells) were incubated with 1 mmol/L SAM and then cells were
harvested at 24, 48 and 72 h and MAT1 and MAT2 mRNA levels were
quantified by real-time RT-PCR and normalized with GAPDH and RPS18 using
delta delta Ct method. Mean results from three independent experiments are
shown. ap ≤ 0.05 comparison of SAM vs untreated cells; B: MAT1A/MAT2A
Turnover: Measured MAT1A/MAT2A expression represented as a total; C:
MAT1 and MAT2 protein expression: Huh7 HCV replicon cells (2 × 105 cells)
were incubated with SAM 1 mmol/L. Cells were harvested at 24, 48 and 72
h and total proteins were obtained. Cell lysates were prepared, and equal
amounts of protein extracts (40 µg) were subjected to immunoblot analysis to
detect MAT1, MAT2 and actin levels. SAM: S-adenosyl-L-methionine; HCV:
hepatitis C virus; MAT: methionine adenosyltransferase.

MAT1A protein since 24 to 72 h upon SAM exposition.
Contrary to these, MAT2A protein levels were decreased
upon SAM exposition since 24 to 72 h compared with
untreated cells (Figure 5C).
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reported that SOD-1, CAT and GPX enzymes expression
were already induced in Huh7 replicon cells while it was
[30]
almost undetectable in parental cells . In this study
we found that SAM up-regulated SOD1, SOD2, and
thioredoxin-1 expression; induced total glutathione
levels, and decreased HCV-RNA levels (Figure 4A and
B) but without modification of ROS levels in Huh7 HCV
replicon cells. These findings are difficult to explain
because we expected ROS levels could decrease
upon antioxidants enzyme and GSH/GSSG were
upregulated. There are some explanations for the
divergent results. One explanation could be that the
site of major expression of these enzymes and turnover
ratio is the cytoplasm; and as we previously reported,
ROS induced by HCV proteins are mainly produced
[30]
in the mitochondria . Another plausible explanation
is that antioxidant enzymes are triggering different
signaling pathways not affecting ROS amount but
decreasing viral proteins. It is possible that additional
immediate-early genes are also directly affected by
SOD1, SOD2 or TRX and then also affects downstream
events. Furthermore, oxidants/antioxidants may have
different effects on other steps of the HCV life cycle.
The possibility of considering SAM as a modulator of
oxidative stress levels is not new. Recent evidence from
[23]
Brown et al
have demonstrated that an overdose of
acetaminophen induces oxidative stress in the whole
liver and mitochondrial subcellular fractions which
in turn increases cellular levels of ROS and reactive
nitrogen species and induces GSH depletion as a critical
early events in acetaminophen hepatotoxicity. In cells
treated with SAM, they found that acetaminophen
[23]
hepatotoxicity was blocked by SAM treatment .
These data suggest that the antioxidant status was
compromised with several important components of
the antioxidant defense mechanism being significantly
decreased or increased in HCV-infected cells.
These findings provide new clues to further explain
the mechanism(s) that indirectly suppressed HCV
replication; however, the mechanism(s) still are poorly
defined and additional approaches should be designed.
The molecular mechanism of HCV pathogenesis
remains unclear but it is well known that both viral and
host factors contribute to disease outcome. MAT is an
essential cellular enzyme that catalyzes the formation
of SAM. In mammals, two genes (MAT1A and MAT2A)
encode homologous MAT catalytic subunits which
[16]
are differentially expressed among different tissue .
MAT1A encodes for α1 that forms dimer (MATIII) and
tetramer (MATI) that are predominantly present in
liver parenchymal cells; while MAT2A encoding the
α2 catalytic subunit of the MATII isoenzyme that is
expressed in all other tissues. In patients with chronic
liver disease there is a decrease of SAM biosynthesis
exacerbating liver injury, and then exogenous supple
[17,31,32]
mentation might represent a useful therapy
.
However, the effectiveness of SAM treatment in chronic
liver disease has not been adequately studied.
Results found in this study suggest that a possible

WJG|www.wjgnet.com

mechanism by which SAM decreases HCV expression
could involve an additive effect between modulation of
antioxidant enzyme systems, glutathione restore levels
(GSH/GSSG) and switching MAT2A/MAT1A turnover in
treated cells, because all these molecules participate
[26]
in cell surviving pathways. In addition, Feld et al
found that STAT1, a transcription factor responsible
for antiviral/IFN signaling activation, was methylated
in cells treated with SAM, so, in that way, SAM could
be available to translocate to the nucleus and do its
function. Together these results provide new clues
to explain the mechanism(s) involved in the antiviral
effect of SAM against HCV. In addition, a fine balance
of the MAT1A/MAT2A ratio induced by SAM should
play a role in HCV replication and in the modulation
of antioxidant enzymes. Therefore, if SAM can modify
oxidative stress systems, gluthatione restoring and
MAT1A/2A cell signaling pathways, these activities can
provide hepatocytes with the capacity to counteract
the damage induced by HCV infection.
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Abstract

Institutional animal care and use committee statement:
This study was performed in accordance with the guidelines of
the National Institutes of Health Guide for the Care and Use of
Laboratory Animals and was approved by the Animal Care and
Use Committee of Tianjin Medical University.

AIM: to investigate the biological effects of internal
irradiation, and the therapeutic effectiveness was
131
assessed of I-labeled anti-epidermal growth factor
receptor (EGFR) liposomes, derived from cetuximab,
when used as a tumor-targeting carrier in a colorectal
cancer mouse model.

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

METHODS: We described the liposomes and cha
racterized their EGFR-targeted binding and cellular
uptake in EGFR-overexpressing LS180 colorectal
cancer cells. After intra-tumor injections of 74 MBq
131
(740 MBq/ml) I-antiEGFR-BSA-PCL, we investigated
the biological effects of internal irradiation and the
131
therapeutic efficacy of
I-antiEGFR-BSA-PCL on
colorectal cancer in a male BALB/c mouse model.
Tumor size, body weight, histopathology, and SPECT
imaging were monitored for 33 d post-therapy.

Data sharing statement: The technical appendix, statistical
code, and dataset are available from the corresponding author
at (tanpost@163.com). Participants gave informed consent for
data sharing. The authors confirm that all data underlying the
findings are fully available without restriction. All relevant data
are mentioned in the paper. 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
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RESULTS: The rapid radioiodine uptake of 131I-anti
131
EGFR-BSA-PCL and I-BSA-PCL reached maximum
131
levels at 4 h after incubation, and the I uptake of
131
131
I-antiEGFR-BSA-PCL was higher than that of I-BSA131
PCL in vitro . The I tissue distribution assay revealed
131
that I-antiEGFR-BSA-PCL was markedly taken up
by the tumor. Furthermore, a tissue distribution assay
131
revealed that
I-antiEGFR-BSA-PCL was markedly
taken up by the tumor and reached its maximal
uptake value of 21.0 ± 1.01 %ID/g (%ID/g is the
percentage injected dose per gram of tissue) at 72
h following therapy; the drug concentration in the
tumor was higher than that in the liver, heart, colon, or
spleen. Tumor size measurements showed that tumor
development was significantly inhibited by treatments
131
131
with
I-antiEGFR-BSA-PCL and
I-BSA-PCL. The
volume of tumor increased, and treatment rate with
131
I-antiEGFR-BSA-PCL was 124% ± 7%, lower than
131
131
that with I-BSA-PCL (127% ± 9%), I (143% ± 7%),
and normal saline (146% ± 10%). The percentage
losses in original body weights were 39% ± 3%, 41%
± 4%, 49% ± 5%, and 55% ± 13%, respectively.
The best survival and cure rates were obtained in the
131
group treated with I-antiEGFR-BSA-PCL. The animals
131
131
injected with I-antiEGFR-BSA-PCL and I-BSA-PCL
showed more uniform focused liposome distribution
within the tumor area.

I-labled-liposome in mouse colorectal cancer

Li W, Ji Yh, Li Cx, Liu Zy, Li N, Fang L, Chang J, Tan J.
Evaluation of therapeutic effectiveness of 131I-antiEGFRBSA-PCL in a mouse model of colorectal cancer. World J
Gastroenterol 2016; 22(14): 3758-3768 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3758.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3758

INTRODUCTION
st

Cancer is a major threat to public health in the 21
century and one of the leading causes of death world
wide. However, the mechanisms of carcinogenesis,
[1]
cancer invasion, and metastasis remain unclear .
Colorectal cancer is the third most common cancer
worldwide. Approximately 25% of patients with
colorectal cancer present with overt metastatic disease;
metastatic disease develops in 40% to 50% of newly
[2]
diagnosed patients . The clinical need for image-based
detection and monitoring for effective therapeutic
management to reduce the mortality caused by
this disease has not been met to date. Therefore,
novel strategies and treatment concepts are needed,
particularly because conventional cancer therapies,
such as external radiation and chemotherapy, have
problems such as poor specificity. These conventional
therapies often cause dose-limiting side effects and
inhibit the possibility of curative treatments.
Nanomedicine has exploited the possibility of
designing tumor-targeted nanocarriers that can deliver
radionuclide payloads in a site- or molecule-selective
manner based on their magnetic properties, thereby
improving the effectiveness and safety of cancer
molecular imaging and therapies. Many studies have
proven the feasibility of the use of targeted nanoparticle
probes. Nanotechnology can lead to fundamental
changes and improve the current understanding of
biological processes in health and disease as well as
enable novel diagnostics and therapeutics for treating
cancer; consequently, advances made on the basis of
[3]
nanotechnology could lead to progress in healthcare .
Targeted drug delivery systems, such as passive
and active targeting nanoparticles or nanocarriers,
have been developed to improve the biodistribution,
pharmacological, therapeutic, and toxic properties
of chemical agents used in cancer diagnostics and
[4]
therapeutics . The abundant expression and signal
amplification properties of these targets are mandatory
for successful receptor-targeted tumor imaging and for
[5]
their subsequent clinical translation . The epidermal
growth factor receptor (EGFR) is a transmembrane
receptor belonging to the ErbB family of receptors; the
EGFR family includes four transmembrane receptors,
[6]
namely, EGFR, HER2, HER3, and HER4 . EGFR is a
cell surface receptor that plays a key role in signaling
pathways, and such pathways regulate cell prolife
[7,8]
ration, angiogenesis, and tumor metastasis . Previous
studies reported that EGFR is widely overexpressed

CONCLUSION: This study demonstrated the potential
131
beneficial application of
I-antiEGFR-BSA-PCL for
131
treating colorectal cancer.
I-antiEGFR-BSA-PCL
suppressed the development of xenografted colorectal
cancer in nude mice, thereby providing a novel
candidate for receptor-mediated targeted radiotherapy.
Key words: radioiodine therapy; colorectal cancer;
liposome; epidermal growth factor receptor; mouse
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper describes liposomes that were
assessed for EGFR-targeted binding and cellular uptake
in EGFR-overexpressing LS180 colorectal cancer cells
and a mouse model of colorectal cancer. Anti-EGFR and
131
non-targeted liposomes were labeled with I using
the chloramine-T method. The time-dependent cellular
131
131
uptake of
I-antiEGFR-BSA-PCL and
I-BSA-PCL
demonstrated the slow-release effects of nanoparticles.
The results of confocal microscopic analysis revealed
the significant uptake of antiEGFR-BSA-PCL in LS180
cells. This study also investigated the biological effects
of internal irradiation and the therapeutic efficacy of
131
I-antiEGFR-BSA-PCL on colorectal cancer in a BALB/c
mouse model. To address this issue, tumor size, body
weight, histopathology, and SPECT imaging were
131
monitored for 33 d post-therapy. The I-antiEGFRBSA-PCL was demonstrated to be superior in regard to
cellular binding and uptake compared with control BSAPCL in the mouse model.
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in several tumor types, including breast cancer, mela
[9]
noma, brain glioblastoma, non-small cell lung cancer ,
[10]
and colorectal cancer ; thus, EGFR is an attractive
candidate for anti-cancer therapy.
Several radionuclides have been surface-biocon
jugated or after-loaded in nanoparticles to improve
their effectiveness and reduce the toxicity of cancer
imaging and therapies in preclinical and clinical studies.
In the broad spectrum of available radionuclides,
90
131
177
beta emitters such as Y, I, and Lu are the most
[11] 131
commonly used for targeted therapies . I provides
imaging feasibility and beta-emitting therapeutic
[12]
effects . The application of nanotechnology for the
diagnosis and treatment of colorectal cancer has the
potential to improve conventional methods as well as
help with the development of novel approaches for
[13]
detection and therapy .
131
In the present study,
I-antiEGFR-BSA-PCL and
131
I-BSA-PCL were successfully synthesized. These
liposomes were characterized for cellular uptake,
131
time-dependent uptake of I by LS180 cells in vitro,
therapeutic efficacy, histopathology, tissue distribution,
and SPECT imaging in an LS180 xenografted nude
mouse model.

of I-labeled nanoparticles were determined by thin
layer chromatography.

Liposomal targeting in EGFR-overexpressing LS180
cells

The cellular binding and uptake of the antiEGFRBSA-PCL and BSA-PCL liposomes were evaluated by
confocal microscopy in LS180 cells. The antiEGFRBSA-PCL and BSA-PCL liposomes were first labeled
by fluorescein isothiocyanate (FITC), then were
6
added at a concentration of 1 mg/10 cells. The cell
cultures were then incubated for 4 h at 37 ℃. After
incubation, cells were washed thrice with PBS, fixed
with 4% paraformaldehyde, and analyzed by confocal
microscopy (laser scanning confocal microscope,
Olympus FV1000; Japan).

Time-dependent cellular uptake of 131I-antiEGFR-BSAPCL and 131I-BSA-PCL

To evaluate the time-dependent cellular uptake of
131
131
I-antiEGFR-BSA-PCL and
I-BSA-PCL, approxi
5
mately 1 × 10 cells per well were seeded in 96-well
plates and cultured with 0.37 MBq/mL to 3.7 MBq/mL
131
131
I-antiEGFR-BSA-PCL and
I-BSA-PCL for 4 h.
The medium was completely removed before the
cells were washed and lysed twice with ice-cold PBS.
Subsequently, 200 μL of DMEM containing 10% FBS
was added into each well. The cells were counted
every 2 h until 24 h of incubation. Radioactivity was
measured with a γ counter (LKB gamma 1261; LKB
Instruments, Waverley, Australia) to calculate the
counts per minute (CPM) after 24 h. All of these
experiments were performed in triplicate.

MATERIALS AND METHODS
Materials

The following reagents and materials used in this study
were obtained: Minimum Essential Medium Eagles with
Earle’s Balanced Salts (MEM-EBSS; Gibco), fetal bovine
serum (FBS; Gibco), rabbit polyclonal anti-human
epidermal growth factor receptor antibody (Abcam,
ab2430), 5 mg/mL monoclonal antibody (MERCK Inc.,
C225; cetuximab), and PV-6000 Polymer Detection
System (ZSGB-BIO Co.).

Animal model

Experimental subjects were four-week‑old BALB/c
female nude mice weighing 9 g to 11 g. These mice
were purchased from the Beijing Experimental Animal
Center of Peking Union Medical, China. Mice were
kept under specific pathogen-free conditions, with a
constant temperature of 25 ℃ to 27 ℃ and a constant
humidity of 45% to 50% in the Laboratory Animal
Center of the Tianjin Medical University, China. Animal
experimentation guidelines were followed according
to the regulations of Swiss veterinary law. The LS180
7
tumor cells, with approximately 1 × 10 cells per 50
μL, were subcutaneously injected into the right flank
of the mice. According to the principle of the human
thyroid perchlorate discharge test, 0.05 mg/mL
sodium perchlorate was added to the drinking water of
all mice for 1 d before the experiment (approximately
21 d after tumor inoculation) to reduce the exposure
of their thyroids to unwanted radiation and imaging.
The growth curve experiment was terminated at
54 d after tumor inoculation, and all the mice were
sacrificed. When tumor volume reached an average
3
size of 1.0 cm , mice were randomly divided into
four experimental groups, which were subjected to

Cell line

The colorectal cancer cell line LS180 was purchased
from the Cell Resource Center, Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences/Peking
Union Medical College (Beijing, China). The cells were
maintained in MEM-EBSS medium supplemented with
10% FBS and 1% penicillin/streptomycin. The LS180
cells were grown at 37 ℃ in a humidified incubator with
a mixture of 95% air and 5% CO2.

Preparation of nanoparticles

The cetuximab-decorated, BSA-PCL-conjugated
antiEGFR-BSA-PCL and BSA-PCL liposomes were
synthesized by the researchers from the Department
of Polymer Materials Science and Engineering of
[14]
Tianjin University . The antiEGFR-BSA-PCL and BSA131
PCL liposomes were labeled with I (Beijing Atomic
Hi-tech Co., Ltd.) via the chloramine T method. A
detailed description and biological characterization
of the compounds are presented by Ickenstein et
[15]
al . The labeling rate and the radiochemical purity
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States), mice from the three treatment groups (except
for the normal saline group) received an intra-tumor
131
injection of 74 MBq (740 MBq/ml) of I-antiEGFR131
131
[19]
BSA-PCL, I-BSA-PCL, and I, respectively . SPECT
imaging was performed at 4, 24, and 72 h after injection.

an intra-tumor injection of 74 MBq (740 MBq/ml)
131
131
I-antiEGFR-BSA-PCL,
I-BSA-PCL,
I, or an
equivalent volume of normal saline (except in the
SPECT imaging experiment).
131

Tissue distribution of 131I, 131I-antiEGFR-BSA-PCL, and
131
I-BSA-PCL

Animal care and use statement

We ensured that mouse use was conducted in accor
dance with the highest scientific, humane, and ethical
principles and was in compliance with regulations. We
also ensured that housing conditions and care were
species appropriate and that the environment was safe
and secure for both animals and staff.

The mice bearing human colorectal cancer were
used for the biodistribution study at day 21 after
tumor inoculation. The mice in each group were
sacrificed at 4, 24, and 72 h post-injection of drugs,
respectively. The heart, spleen, liver, colon, and tumor
samples were collected for weighing and for radio
activity measurements with a γ counter (LKB gamma
1261; LKB Instruments). %ID/g represents the
percentage injected dose per gram of tissue. %ID/g
was determined by the percentage of radioactivity
contained within each gram of tissue compared to
[16,17]
the total radioactivity injected into the body
.
Meanwhile, the remaining spleen, liver, and tumor
tissues were collected to study the histopathology of
each group.

Statistical analysis

All in vitro experiments were performed in triplicate
unless otherwise indicated. Statistical analyses
were conducted with the SPSS software (version
17.0). The results are presented as the mean ± SD.
Statistical significance was tested using Student’s
t-test or ANOVA, and P-values < 0.05 were considered
statistically significant.

Therapeutic efficacy studies

RESULTS

Toxicity was monitored by measuring the body weight
and tumor volume. During the course of treatment,
the animal body weight and in vivo tumor growth were
measured at day 21 after tumor cell inoculation. Mice
were checked for survival every day; their body weight
and tumor volume were measured every 3 d until the
end of the study. The growth curve experiment was
terminated at 54 d after tumor inoculation, and all
mice were then sacrificed. After treatment, the length,
width, and height of the tumors were measured with
calipers once every 3 d. Tumor volume was calculated
as follows: volume = 1/6 × π × length (cm) × width
[18]
(cm) × height (cm) .

Basic properties of 131I-BSA-PCL and 131I-antiEGFR-BSAPCL

The dynamic light scattering measurement showed
131
that the average diameter of
I-BSA-PCL and
131
I-antiEGFR-BSA-PCL was approximately 180 nm, and
the polydispersity index was 0.164, in agreement with
the TEM result. The mean ζ potential of the obtained
protein-based vesicle was also measured and was
found to be -38.70 mV. The negative surface charge
that resulted from the BSA shell could reduce undesired
protein adsorption and provide good protection for the
vesicle during the circulation in the body. The specific
radioactivity was approximately 370-690 MBq/mg for
131
131
I-antiEGFR-BSA-PCL and I-BSA-PCL. The labeling
131
rate of
I was approximately 50%-85%, and the
radiochemical purity was 95%-98%.

Histopathology studies

The xenografted colorectal cancer cell line LS180
was characterized for EGFR overexpression by
immunohistochemistry. For the immunohistochemical
staining of EGFR, the rabbit polyclonal anti-human
EGFR antibody (1:500) was used as the primary
antibody, followed by PV 6000 via the two-step immuno
histochemical detection of cell-associated EGFR. Mice
from each group were sacrificed at 4, 24, and 72 h
after the injection of different liposomes. The remaining
spleen, liver, and tumor tissues were collected to
study their histopathology. The organs from the four
groups were dissected, fixed in 10% formalin for 48 h,
embedded in paraffin, and sectioned. The sections (5-6
μm) were then stained with hematoxylin and eosin. The
histopathological changes of the tissue were ultimately
examined using light microscopy (Olympus × 40).

Internalization of EGFR-BSA-PCL and BSA-PCL

The effective diameter of BSA-PCL and antiEGFR[14]
BSA-PCL was approximately 180 nm . To assess the
binding of antiEGFR-BSA-PCL and BSA-PCL to LS180
cells with EGFR overexpression, confocal microscopy
was used. The confocal images and the immuno
fluorescence results of the LS180 cells incubated with
antiEGFR-BSA-PCL and BSA-PCL were compared (Figure
1). antiEGFR-BSA-PCL was significantly internalized in
the LS180 cells, which was shown by the appearance
of strong green fluorescence. Compared with antiEGFRBSA-PCL, BSA-PCL could similarly bind to cells, but the
tumor retention was minimal, and the binding green
fluorescence was weaker. This result suggests that the
targeting ability of antiEGFR-BSA-PCL to tumor cells
was enhanced by EGFR modification.

SPECT whole-body imaging

For the SPECT imaging (Discovery VH 670; GE, United

WJG|www.wjgnet.com

131

3761

April 14, 2016|Volume 22|Issue 14|

Li W et al . Radioiodine therapy of

131

I-labled-liposome in mouse colorectal cancer

DIC

Fluorescence

Merged

A

20.00 mm

20.00 mm

20.00 mm

40.00 mm

40.00 mm

40.00 mm

B

Figure 1 Confocal microscopy of LS180 cancer cells incubated with FITC-BSA-PCL and FITC-antiEGFR-BSA-PCL for 4 h.
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Time-dependent cellular uptake of 131I-antiEGFR-BSAPCL and 131I-BSA-PCL

131

increasing dose of I-labeled nanoparticles. However,
131
radioactivity was maintained at a low level in the I
group (Figure 2B).

131

To determine the iodide uptake of I-antiEGFR-BSA131
PCL and
I-BSA-PCL, time activity measurements
were obtained for the LS180 cell line. The radioiodide
uptake in this cell line reached its maximum level
131
after 4 h of incubation with I-antiEGFR-BSA-PCL and
131
131
131
I-BSA-PCL. Furthermore, the I uptake of I-anti
131
EGFR-BSA-PCL was higher than that of
I-BSA131
PCL. Cell-associated
I activity was still very high
after 24 h and reached 79% to 84% in LS 180 cells
because the liposomes had slow-release effects (Figure
2A). The CPM in the LS180 cells increased with an

WJG|www.wjgnet.com

Growth curves for nude mice

The trend of body weight growth for all study groups
is shown in Figure 3. The minimum reduction in body
131
weight was found in the
I-antiEGFR-BSA-PCL and
131
I-BSA-PCL groups. Compared with the original body
131
weight, mice treated with
I-antiEGFR-BSA-PCL,
131
131
I-BSA-PCL,
I, and normal saline demonstrated
body weight losses of 39% ± 3%, 41% ± 4%, 49%
± 5%, and 55% ± 13%, respectively, on day 54 after
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Figure 3 Changes in the animal body weight.

Figure 4 Changes in tumor volume.

tumor inoculation (P < 0.05).

tissues were significantly higher than those observed
131
in the I group at 4, 24, and 72 h after treatment.

Tumor volume of nude mice

Histopathology

Rapid tumor growth was observed in the xenografted
131
colorectal cancer nude mice treated with saline or I.
The tumor volume change is presented in Figure 4.
By contrast, tumors grew slowly in mice treated with
131
131
I-antiEGFR-BSA-PCL or I-BSA-PCL, and the growth
curves of these test groups were similar. No significant
differences were observed between the other two
131
groups: those treated with I or normal saline. The
131
data showed that treatment with I-antiEGFR-BSA131
PCL and
I-BSA-PCL significantly inhibited tumor
growth. At the end of the study, the volume of
131
tumor increase in the
I-antiEGFR-BSA-PCL group
was 124% ± 7%, which was lower than that of the
131
131
I-BSA-PCL (127% ± 9%), I (143% ± 7%), and
normal saline (146% ± 10%) groups. The results from
131
the groups treated with
I-antiEGFR-BSA-PCL and
131
I-BSA-PCL were significantly different from those
131
groups treated with I and normal saline, suggesting
131
131
that
I-antiEGFR-BSA-PCL and
I-BSA-PCL acted
similarly to suppress tumor growth.

EGFR was overexpressed in the LS180 cell line (Figure
6), and the positive cell membranes were stained
131
brown. The normal saline and I-treated groups
were characterized by well-developed proliferation of
LS180 cells with a compact arrangement and diffusely
distributed invading cancer nests; the nuclei were
of various sizes and the staining color was variable.
Moreover, no apparent necrosis was found in the cancer
tissue (Figure 7). After the intratumoral injection of
131
131
I-antiEGFR-BSA-PCL and I-BSA-PCL, xenografted
colorectal cancer tissues were histopathologically
examined (Figure 7). Upon comparison, a large field
of the tumor tissue appeared necrotic. Evidence of
dying tumor cells undergoing vacuolar degeneration of
the cytoplasm was observed. Clusters of tumor cells
decreased, whereas the intercellular space increased.
Cellular arrangements were seen as discrete and
not compact, and the cytoplasm was deeply stained.
The cancerous nodes were characterized by patchy
necrosis, and their tissue structure was smeared.

Tissue distribution of 131I-antiEGFR-BSA-PCL, 131I-BSAPCL, and 131I

SPECT imaging

131

The tissue distribution of
I-antiEGFR-BSA-PCL in
nude mice with human colorectal cancer xenografts
131
was measured by γ photon counts in Figure 5. I-anti
EGFR-BSA-PCL was markedly taken up by tumor
tissues. The tissue distribution assay revealed that
131
I-antiEGFR-BSA-PCL was markedly taken up by the
tumor and reached its maximal uptake value of 21.0
± 1.01 %ID/g at 72 h after the therapy. The drug
concentration in the tumor was higher than those in
the liver, heart, colon, or spleen at 72 h after therapy.
131
Among the non-tumor tissues, I-antiEGFR-BSA-PCL
mostly accumulated in the liver and spleen. The levels
131
131
of I-antiEGFR-BSA-PCL and I-BSA-PCL in tumor
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The SPECT images of LS180 tumor-bearing mice (21 d
after tumor inoculation) were acquired at different time
131
points after the intra-tumor injection of I-antiEGFR131
131
131
BSA-PCL,
I-BSA-PCL, and
I. The
I-antiEGFR131
BSA-PCL and I-BSA-PCL groups both exhibited slow
blood clearance and maintained a relatively higher
activity (primarily in the tumors, based on biodis
131
tribution data). Mice in the I group had rapid blood
clearance; their activity did not increase after 24 and
131
72 h compared with the
I-antiEGFR-BSA-PCL and
131
I-BSA-PCL groups. SPECT images showed high
131
uptake and targeting of
I-antiEGFR-BSA-PCL and
131
I-BSA-PCL in the tumor. The results were correlated
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Figure 5 Tissue distribution of 131I-antiEGFR-BSA-PCL, 131I-BSA-PCL and 131I.

and validated with images of the biodistribution data.

DISCUSSION
Colorectal cancer is the third most common cancer
[2]
worldwide . The C26 murine colon carcinoma model
has previously been reported to have a high level
of metastasis that spreads after the intraperitoneal
[20]
inoculation of tumor cells in BALB/c mice . EGFR
is a transmembrane receptor belonging to the ErbB
family of receptors; the EGFR gene is activated or
up-regulated in 60% to 80% of colorectal cancer
[6,10]
cases
. Most of the normal tissues express very low
levels of EGFR. However, the liver and kidney tissues

Figure 6 Immunohistochemical staining of LS180 colorectal cancer.
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Figure 7 Histopathology of the liver, spleen, and tumor tissue at 3 d after the end of the treatment (× 100).

express moderately high levels of the receptor, which
can exceed that of tumors.
Conventional anticancer drugs exhibit a lack of
specificity, poor solubility and distribution, unfavorable
pharmacokinetics, and high-tissue damage or toxi
[21]
city . Radiation therapy is typically delivered through
high-energy external beam radiation to irradiate the
cancerous tissue. Liposomes are spherical vesicles
formed by lipid bilayers. These structures have been
widely investigated as carriers of tumor-targeting
therapy. Radioisotopes can be trapped within the
inner space of the liposome, intercalated into the
double membrane of the liposome, and connected
[22,23]
with the surface of the liposome
. However, given
the close proximity of critical organs to the tumor, the
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delivery of a therapeutic dose of irradiation without
causing serious complications is often impossible, even
with technological advancements in radiation dose
distribution, such as intensity-modulated radiation
[24,25]
therapy
. Tumor-targeting therapy has overcome
the lack of specificity of traditional therapeutic agents.
Recent work comparing non-targeted and targeted
[26]
[27]
nanoparticles (lipid-based
or polymer-based ) has
shown that the primary role of the targeting ligands is
to enhance the cellular uptake of drugs by cancer cells
rather than to increase their accumulation in the tumor.
[12]
Kao et al
demonstrated the enhanced endocytosis
131
and cytotoxicity of I-C225-AuNP-PEG against EGFRoverexpressing human A549 lung carcinoma cells as
well as its active targeting in an A549 tumor xenograft
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[12]

131

mouse model .
[28]
[19]
Chen et al
and Chang et al
reported the
biodistribution, pharmacokinetics, and micro-SPECT/CT
188
imaging of the Re-liposome in C26 colon carcinoma
ascites and solid tumor animal models. Their results
demonstrated the potential benefit and advantages
188
of the Re-liposome in the C26 animal model. Bao
[29]
et al
reported that the intratumoral injection of
131
liposomal radionuclides had a slower clearance rate. I
is a radionuclide with a gamma emission of 364 keV
(81.7%) and a beta emission of 0.606 MeV (89.9%).
This molecule has the advantages of imaging feasibility
and beta-emitting therapeutic effects. In the present
study, the initial treatment of colorectal cancer with
131
I-antiEGFR-BSA-PCL reduced the risk of disease
131
131
progression compared with I-BSA-PCL and I. The
decreased risk was evidenced by changes in the tumor
volume, mouse survival time, and mouse weight. As
shown by the data, the rates of increase of the final
131
tumor volumes in the groups treated with I-antiEGFR131
BSA-PCL and I-BSA-PCL were lower than those of
131
tumor-bearing groups treated with
I and normal
saline. However, the tumor volumes of the group
treated with normal saline and the group treated with
131
I were not significantly different in terms of overall
survival. The trend of the body weight growth also
131
had the same characteristics. The I-antiEGFR-BSAPCL group also achieved the maximum suppression
of tumor growth, which reflected an enhancement of
131
cancer therapy with the use of I-antiEGFR-BSA-PCL.
131
We found that the use of I-antiEGFR-BSA-PCL for the
in vivo therapy of colorectal cancer was both feasible
and reliable, with favorable in vivo characteristics.
Results with mouse models demonstrated the
steady extravasation of nanoliposomes into ascites
with the gradual release of the drug, followed by drug
[30,31]
diffusion into the tumor cellular compartment
.
[32]
Wang et al
reported that direct intratumoral drug
administration in advanced neck and head tumors
was clearly appealing and immediately achieved high
drug concentrations at the target sites without the
associated side effects of external beam radiation or
systemic chemotherapy. Their group also proved that
direct injection could deliver drugs into areas of the
tumor that had high interstitial pressure and large
areas of avascular necrosis. This study was relevant
to the present study on the pharmacokinetics and
131
effectiveness of I-antiEGFR-BSA-PCL administration
in the heart, liver, spleen, colon, and tumor cells. The
observed iodine uptake demonstrated the potential
131
benefits and advantages of
I-antiEGFR-BSA-PCL
in the LS180 animal model. The accumulation of
radioactivity in the tumor was maintained at steady
levels for at least 24 h.
SPECT imaging is a non-invasive imaging modality
that can monitor the behavior of radiotherapeutics
in the same animal at different time points. After
the injection of different drugs, the SPECT imaging
and iodine uptake showed that the tumor uptake of
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131

I-antiEGFR-BSA-PCL and I-BSA-PCL was obvious
131
higher than that of I. In addition, the in vitro stability
131
of the passive
I-antiEGFR-BSA-PCL was found
to be higher after 24 h of inoculation. Some mice
presented skin ulcerations at around day 13 but were
healed by day 19. From the SPECT fusion images,
131
we noticed that the
I-antiEGFR-BSA-PCL had the
tendency to spread into the tumor, liver, spleen, and
urinary bladder area. We also observed that the
non-tumor tissues of the liver and spleen, which are
reticuloendothelial system-rich organs, exhibited
131
significant uptake of
I-antiEGFR-BSA-PCL and
131
I-BSA-PCL. The remarkable accumulation of these
compounds in the bladder implied that renal clearance
is the predominant route of excretion of radioactive
metabolites. A glutathione-coated luminescent gold
[33]
nanoparticle (3 nm diameter)
and a gadoliniumloaded dendrimer-entrapped gold nanoparticle (90
[34]
nm mean diameter)
were previously reported to
[16]
be excreted via the urinary system. Li et al
showed
131
that
I-labeled rhEGF was markedly absorbed by
tumor tissue in xenografted nude mice and reached a
maximum uptake rate (16.73 %ID/g) at 120 h after
intravenous injection. Their group suggested that
131
I-labeled rhEGF could be absorbed by breast cancer
tissues and might be a useful clinical candidate. Data
from the present study also showed a low immediate
131
131
clearance for both I-antiEGFR-BSA-PCL and I-BSAPCL. The long phase was observed at 72 h after
131
131
I-antiEGFR-BSA-PCL and I-BSA-PCL were injected,
thereby translating to a high locoregional retention
rate when the immediate clearance period had passed.
These data supported the notion that the injection of
liposomal radionuclides could lead to higher retention
rates.
131
The anti-tumor effect of
I-antiEGFR-BSA-PCL
could also be seen in the histopathological studies.
Immunohistochemistry showed that the LS180 cell
line overexpressed EGFR. The normal saline and
131
I-treated groups were characterized by welldeveloped proliferation of LS180 cells and diffusely
distributed invading cancer nests. No apparent necrosis
was observed in the cancer tissue. In the xenografted
colorectal cancer tissues of the groups treated with
131
131
I-antiEGFR-BSA-PCL and I-BSA-PCL, a large field
of the tumor tissue appeared necrotic. Evidence of
dying tumor cells undergoing vacuolar degeneration
of the cytoplasm was observed. The cancerous
nodes were characterized by patchy necrosis, and
the tissue structures were smeared. These results
131
demonstrated that treatment with I-antiEGFR-BSA131
PCL and I-BSA-PCL led to histopathological changes
in colorectal cancer tissue that were associated with
the death of the tumor cells. The above-mentioned
reasons made the intraoperative injection of liposomal
therapeutic radionuclides a particularly effective
treatment option for advanced colorectal cancer.
Although the colorectal cancer xenografted animal
model used in this study was not orthotopic, the
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results are still valuable for interpreting the drug
131
131
efficiency of I-antiEGFR-BSA-PCL and I-BSA-PCL.
Therefore, the protocols used in this study revealed
that the designed formulation and treatment trials
were novel for a preclinical study.
In conclusion, the results of this study demon
131
131
strated that I-antiEGFR-BSA-PCL and I-BSA-PCL
had superior cellular binding and higher cellular uptake
131
131
compared with I in vitro and in vivo. I-antiEGFRBSA-PCL suppressed the development of tumors and
exhibited pronounced anti-proliferation ability against
the xenografted LS180 cells in a mouse model, as
demonstrated by changes in the tumor size, body
weight, histopathology, and SPECT imaging. This study
131
revealed that
I-antiEGFR-BSA-PCL was effective
in the killing of tumors, but we did not observe a
radiation induced breakdown of the kidney and liver.
131
Therefore, I-antiEGFR-BSA-PCL may be a safe drug
for radiotherapy in colorectal cancer.
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angiogenesis, and tumor metastases. EGFR is widely overexpressed in several
tumor types, including breast cancer, melanoma, brain glioblastoma, non-small
cell lung cancer, and colorectal cancer. EGFR is an attractive candidate for anticancer therapy.

12

Research frontiers

Previous experiments have already proven that EGFR is widely overexpressed
in colorectal cancer.

13

Innovations and breakthroughs

14

This is the first study evaluating the cellular binding and cellular uptake of
131
I-antiEGFR-BSA-PCL and 131I-BSA-PCL in vitro and in vivo. 131I-antiEGFRBSA-PCL suppressed the development of tumors and exhibited pronounced
anti-proliferation ability against the xenografted LS180 cells in a mouse model.

15

Applications

As a novel theranostic agent, 131I-antiEGFR-BSA-PCL exhibited pronounced
anti-tumoral effects on colorectal cancer.

16

Peer-review

This study evaluated the therapeutic effectiveness of 131I-antiEGFR-BSA-PCL
in the colorectal cancer mouse model and demonstrated the potential beneficial
application of 131I-antiEGFR-BSA-PCL for treating colorectal cancer. The
manuscript is well written and properly conducted.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Haimen
People’s Hospital.

AIM: To investigate the effect and mechanism of
stimulation of the hypothalamic paraventricular nucleus
with glutamate acid in rats with ulcerative colitis (UC).

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
General Hospital Affiliated to Tianjin Medical University (IACUC
protocol number: Shanghai Lab Animal Research Center, CPGUIDE-IACUC-0458).

METHODS: The rats were anesthetized with 10%
chloral hydrate via abdominal injection and treated
with an equal volume of TNBS + 50% ethanol enema,
injected into the upper section of the anus with the
tail facing up. Colonic damage scores were calculated
after injecting a certain dose of glutamic acid into the
paraventricular nucleus (PVN), and the effect of the
nucleus tractus solitarius (NTS) and vagus nerve in
alleviating UC injury through chemical stimulation of
the PVN was observed in rats. Expression changes
of C-myc, Apaf-1, caspase-3, interleukin (IL)-6, and
IL-17 during the protection against UC injury through
chemical stimulation of the PVN in rats were detected
by Western blot. Malondialdehyde (MDA) content and
superoxide dismutase (SOD) activity in colon tissues of
rats were measured by colorimetric methods.

Conflict-of-interest statement: We declare that there is no
conflict of interest to disclose in this study.
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
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Chemical stimulation of the PVN significantly
reduced UC in rats in a dose-dependent manner.
The protective effects of the chemical stimulation
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of the PVN on rats with UC were eliminated after
chemical damage to the PVN. After glutamate receptor
antagonist kynurenic acid was injected into the PVN,
the protective effects of the chemical stimulation of
the PVN were eliminated in rats with UC. After AVPVl receptor antagonist ([Deamino-penl, val4, D-Arg8]vasopressin) was injected into NTS or bilateral chemical
damage to NTS, the protective effect of the chemical
stimulation of PVN on UC was also eliminated. After
chemical stimulation of the PVN, SOD activity increased,
MDA content decreased, C-myc protein expression
significantly increased, caspase-3 and Apaf-1 protein
expression significantly decreased, and IL-6 and IL-17
expression decreased in colon tissues in rats with UC.

injury (GI-RI), and that the PVN and NTS may have
participated in the regulatory role of the PVN in GI[5-7]
RI . However, the regulatory role of the PVN in UC,
as well as its regulatory role in the treatment of UC,
has been rarely reported. Therefore, in this study,
we observed whether hypothalamic PVN stimulation
could reduce intestinal injury in rats with UC through
PVN chemical stimulation, chemical damage, injection
of chemical antagonists and other methods, and
preliminarily explored the related regulatory and
molecular mechanisms.

CONCLUSION: Chemical stimulation of the hypothalamic
PVN provides a protective effect against UC injury in
rats. Hypothalamic PVN, NTS and vagus nerve play key
roles in this process.

Reagents and equipment

MATERIALS AND METHODS
SPF-grade SD rats weighing 200-250 g were
purchased from the Shanghai Experimental Animal
Center (Shanghai, China). Glutamic acid, kainic acid
(KA), kynurenic acid (KYNA) and [Deamino-penl, val4,
D-Arg8]-vasopressin (DPVDAV) were purchased from
Sigma-Aldrich; 2,4,6-trinitrobenzene sulfonic acid
(TNBS) was purchased from Gibco; anti-PCNA antibody
kit was purchased from Santa Cruz Biotechnology;
rat interleukin-17 (IL-17) ELISA kit and BCA protein
assay kit were purchased from Beyotime; C-myc
polyclonal antibody and Apaf-1 polyclonal antibody
were purchased from Invitrogen; the 680 automatic
microplate reader and Western electrophoresis
apparatus were purchased from Bio-Rad; the DYY6B nucleic acid electrophoresis apparatus was
purchased from Nanjing Xianou Instrument Factory;
the centrifuge was purchased from Eppendorf; and
the optical biological microscope was purchased from
Olympus.

Key words: Paraventricular nucleus; Nucleus tractus
solitarius; Ulcerative colitis; Arginine vasopressin;
2,4,6-trinitrobenzene sulfonic acid
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study confirms that the chemical
stimulation of the paraventricular nucleus with glutamic
acid reduces intestinal injury in ulcerative colitis (UC).
Furthermore, this study also discusses the possible
regulatory mechanism of the central nervous system
of rats with UC, so as to provide a theoretical basis for
clinical treatment of UC.
Deng QJ, Deng DJ, Che J, Zhao HR, Yu JJ, Lu YY. Hypothalamic
paraventricular nucleus stimulation reduces intestinal injury
in rats with ulcerative colitis. World J Gastroenterol 2016;
22(14): 3769-3776 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i14/3769.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i14.3769

Experimental methods

Preparation of the UC model: Rats were provided
with water before establishing the model. After one
day of fast, the animals were anesthetized with 10%
chloral hydrate via abdominal injection and treated
with an equal volume of TNBS + 50% ethanol enema,
injected into the upper section of the anus with the
tail facing up. The rats were maintained in an inverted
position for 5 min. Three days after the successful
establishment of the model, rats were sacrificed. Then,
the brain and colon were removed and preserved for
use.

INTRODUCTION
Ulcerative colitis (UC) is a common non-specific
inflammatory bowel disease that easily recurs, has
[1]
many complications and has a very poor prognosis .
At present, due to the influence of environmental, diet
and other factors, UC has increasingly prevailed in the
population, but its exact etiology and pathogenesis
[2,3]
remain unclear . A study carried out by Mascaraque
[4]
et al revealed that the central and peripheral
nervous systems are involved in the regulation of
UC. In addition, many studies have confirmed that
the hypothalamic paraventricular nucleus (PVN) and
nucleus tractus solitarius (NTS) may play an important
role in regulating stress-induced gastric mucosal
damage (SGMD) and gastric ischemia-reperfusion

WJG|www.wjgnet.com

Colonic damage scoring: After the successful
modeling of UC rats in each group, the colon was
obtained and cut by careful incision with forceps,
damage was carefully observed after the colon was
rinsed, and scoring was performed according to the
scoring criteria shown in Table 1, with the average
score of each group as the final score of the group.
Chemical stimulation and damage to the
hypothalamic PVN: Glutamic acid and KA were
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was induced and UC damage was observed. Control
groups included a PVN group, a UC group and a vehicle
group. There are eight rats in each group.

Table 1 Colonic damage score scoring criteria
Characteristic
Ulcer
No ulcer
Punctate hyperemia, no ulcer
Ulcer, no hyperemia or bowel wall thickening
Ulcer with inflammation
Ulcer with two or more inflammations
The length of ulcer damage was greater than l cm
along the longitudinal axis of the colon
The length of ulcer damage was greater than 2 cm
along the longitudinal axis of the colon, each
additional 1 cm of the disease, score plus 1
Adhesions
No adhesions
Slight adhesions
(the colon can easily be separated with other tissues)
Severe adhesions
Diarrhea
No diarrhea
Have diarrhea

Score

Determination of IL-6, IL-17 and C-myc, Apaf-1,
caspase-3 protein expression in colon tissue
of rats with UC by Western blot assay: Fifteen
microliters of the test sample was mixed with 5 μl of 4
× loading buffer and boiled for 10 min. Then, 10 μl of
the same sample was placed onto a 12% SDS-PAGE
gel for electrophoresis at a voltage of 80-120 V. At the
end of electrophoresis, the sample was transferred
onto an NC membrane, blocked with 5% milk at room
temperature for 2 h, and rinsed with TBST three times
at 30-min intervals. Then, primary antibodies were
successively added with the following dilutions: IL-6 at
1:1000, IL-17 at 1:1000, Apaf-1 at 1:500, C-myc at
1:600, caspase-3 at 1:750; and incubated overnight
at 4  ℃ . Subsequently, the samples were washed
three times with TBST at 10-min intervals, selected
alkaline phosphatase-labeled secondary antibodies,
and incubated at room temperature for 2 h. After
the samples were washed three times with TBST at
30-min intervals, wetted with coloured solution, and
pictures were developed and photographed in an ECL
developer.

0
1
2
3
4
5
6-10

0
1
2
0
1
Total score

selected as PVN chemical stimuli and chemical
damaging agents, and the glutamate receptor
antagonist was KYNA, all of which were dissolved in
0.3 μl of 0.9% normal saline for use. For chemical
stimulation group (PVN group), after stimulation of
the PVN with 3, 6 or 12 μg of glutamic acid, UC was
induced and colon injury scoring was performed. For
PVN damage group (PVN + KA group), 0.3 μg of KA
was injected into the PVN to induce PVN chemical
damage. After 3 d, 12 μg of glutamic acid was injected
again for hypothalamic PVN stimulation, then UC was
induced and the UC injury scoring was performed. For
glutamic acid antagonistic group (PVN + KYNA group):
glutamic acid antagonist KYNA was injected into the
PVN, 12 μg of glutamic acid was injected 10 min later
for PVN stimulation, then UC was induced and the UC
damage situation was observed. Control groups consist
of a normal untreated group (normal group), a UC
model group (UC alone group), and a vehicle group, in
which the UC model was prepared by enema after 0.3
μl of 0.9% normal saline was microinjected into the
cerebral nuclei. There are eight rats in each group.

Detection of SOD activity and MDA content in
colon tissue of rats with UC: SOD activity was
measured in tissues of rats in each group. One
hundred microliters of the supernatant and 100
μl of Reagent 7 were mixed. After 5 min, tissues
were centrifuged (5000 r/min for 20 min) and the
supernatant was obtained. For the control supernatant,
the supernatant of tissue homogenate was replaced
with normal saline; and other operations were the
same. Control tubes and reaction tubes included: SOD
control tube (500 μl of the agent- + 100 μl of purified
water), SOD measurement tube (500 μl of the agent+ 100 μl of the sample), Cu-Zn SOD control tube (500
μl of the agent- + 100 μl of the control supernatant),
and Cu-Zn SOD measurement tube (500 μl of the
agent- + 100 μl of the supernatant of samples).
Then, 100 μl of Reagents 2, 3 and 4 were added
again and incubated for 1 h at 37 ℃. After adding the
chromogenic reagent for 10 min, SOD activity was
determined by colorimetric analysis and calculated in
accordance with absorbance values.
MDA content was determined from the same
tissue homogenate supernatant selected in each
group. Standard tube consisted of 200 μl of standard
product + 3 ml of Reagent 2 + 1 ml of Reagent 3;
standard blank tube contained 200 μl ethanol + 3
ml of Reagent 2 + 1 ml Reagent 3; measuring tube
consisted of 200 μl of the sample + 3 ml of Reagent 2
+ 1 ml of Reagent 3; measuring blank tube contained
200 μl of the sample + 3 ml of Reagent 2 + 1 ml
of Reagent 3 + 1 ml of acetic acid. After mixing,
the tubes were placed in water bath at 95 ℃, and

Chemical damage to the NTS and injection of the
AVP-Vl receptor antagonist into the NTS: KA was
selected to induce chemical damage to the NTS and
the AVP-Vl receptor antagonist agent was DPVDAV,
both of which were dissolved in 0.3 μl of 0.9% normal
saline for use. In the NTS damage group (NTS + KA
group), 0.3 μg of KA was used to induce NTS chemical
damage. After 3 d, 12 μg of glutamic acid was used
again for hypothalamic PVN stimulation, then UC was
induced and the score conditions were observed. In
AVP-Vl receptor antagonist group (NTS + DPVDAV
group), AVP-Vl receptor antagonist DPVDAV was
injected into the NTS. After 10 min, 12 μg of glutamic
acid was injected again for PVN stimulation, then UC
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Figure 1 colonic damage scores in colons of rats with ulcerative colitis in each group after glutamic acid stimulation and chemical damage to the
paraventricular nucleus. aP < 0.05, PVN (12 μg) group vs each group; cP < 0.05, PVN (12 μg) group vs the PVN + KA group; eP < 0.05, PVN (12 μg) group vs the
PVN + KYMA group. CDS: colonic damage score; PVN: paraventricular nucleus; KA: Kainic acid.

Influence of chemical damage to the NTS and injection
of AVP-Vl receptor antagonist into the NTS on alleviated
UC injury in rats by glutamic acid stimulation of the
hypothalamic PVN

centrifuged (5000 r/min, 20 min) after 1 h of cooling,
the supernatant was obtained, and absorbance value
was measured. MDA content was calculated according
to the absorbance value of each tube.

Three days after chemical damage to the NTS, 12
μg of glutamic acid was used again for the chemical
stimulation of the hypothalamic PVN. CDS was 10.21
± 1.09, which significantly increased compared to
simply using 12 μg of glutamic acid for chemical
stimulation (3.74 ± 0.94, P < 0.05). Ten minutes
after DPVDAV was injected into the NTS of rats, 12 μg
of glutamic acid was injected again to stimulate the
PVN. CDS in rats was 9.67 ± 1.05, which significantly
increased compared to simply using 12 μg of glutamic
acid for chemical stimulation (3.74 ± 0.94, P <
0.05). When comparing the CDS of the NTS chemical
damage group and DPVDAV group with the UC group
and vehicle group, the differences were not statistically
significant (P > 0.05; Figure 2).

Statistical analysis: SPSS 19.0 software was used for
statistical analyses. Quantitative data are expressed as
mean ± sD. The t-test was carried out between two
groups, and one-way analysis of variance (ANOVA) was
used for multiple comparisons. Pearson’s correlation
analysis was employed for correlation analysis. P < 0.05
was considered statistically significant.

RESULTS
Influence of glutamic acid stimulation and chemical
damage to the PVN on intestinal injury in rats

After chemical stimulation of the PVN was induced with
3, 6 or 12 μg of glutamic acid, colonic damage scores
(CDS) of rats were 7.25 ± 0.98, 5.34 ± 0.89 and 3.74
± 0.94, respectively, which significantly decreased
compared to the vehicle group (10.24 ± 1.02). As the
amount of glutamic acid increased, CDS decreased
significantly (P < 0.05). After KA was used to induce
chemical damage to the PVN, 12 μg of glutamic acid
was used again to induce chemical stimulation in
rats, the CDS was 10.05 ± 1.21, which significantly
increased compared to simply using 12 μg of glutamic
acid to induce chemical stimulation in rats (3.74 ± 0.94,
P < 0.05). However, the difference was not statistically
significant compared to rats in the UC group (9.86 ±
1.04, P > 0.05). In addition, after injecting glutamic
acid antagonist KYNA into the PVN, chemical stimulation
was carried out and the CDS was 9.87 ± 1.01, which
significantly increased compared to simply using 12 μg
of glutamic acid for chemical stimulation (3.74 ± 0.94,
P < 0.05; Figure 1).
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Influence of stimulation of the PVN with glutamic acid
on IL-6 and IL-17 contents in colon tissues in rats

The contents of IL-6 and IL-17 in colon tissues were
significantly increased in the UC group compared with
the normal group, while the contents of IL-6 and IL-17
were significantly decreased in the 12-μg glutamic acid
stimulation PVN group compared to the UC group and
vehicle group (P < 0.05; Figure 3).

Influence of stimulation of the PVN with glutamic acid
on SOD activity and MDA content in colon tissue of rats

SOD activity significantly decreased in colon tissues
in the UC group compared with the normal group,
while SOD activity was significantly higher in the 12-μg
glutamic acid stimulation group compared with the UC
group (P = 7.964, t = 0.001; P = -7.335, t = 0.002).
MDA content was significantly increased in colon tissue
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12
a

Table 2 Superoxide dismutase activity and malondialdehyde
content in colon tissue of rats with ulcerative colitis

c

10

6
4

Group

SOD (U/mg)

MDA (nmol/mg)

Normal group
UC group
Vehicle group
PVN (12 μg) group

111.23 ± 12.13
46.35 ± 7.21a
45.98 ± 7.36
109.38 ± 13.02c

3.51 ± 0.45
6.28 ± 0.94a
6.53 ± 0.83
3.13 ± 0.50c

a

P < 0.05, UC group vs the normal group; cP < 0.05, PVN (12 μg) group
vs the UC group and vehicle group. PVN: Paraventricular nucleus; SOD:
Superoxide dismutase; MDA: Malondialdehyde; UC: Ulcerative colitis.
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Figure 2 Influence of chemical damage to the nucleus tractus solitarius
and injection of AVP-Vl receptor antagonist into the nucleus tractus
solitarius on alleviated ulcerative colitis injury in rats by stimulation of
the hypothalamic paraventricular nucleus with glutamic acid. aP < 0.05,
PVN (12 μg) group vs the NTS + KA group; cP < 0.05, PVN (12 μg) group vs
the NTS + DPVDAV group. DPVDAV: damage in nucleus tractus solitarius and
injection of AVP-Vl receptor antagonist; NTS: nucleus tractus solitaries; KA:
Kainic acid; PVN: paraventricular nucleus.
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Figure 4 C-myc, Apaf-1 and caspase-3 protein expression in colon tissues
of rats with ulcerative colitis.

IL-17

IL-6

DISCUSSION
b-actin

UC is a common and complex gastrointestinal disease
[1]
that often brings great suffering to patients . At
present, the exact etiology and pathogenesis of UC
remain unclear. In this study, we investigated the
chemical stimulation of rat hypothalamic PVN, as well
as its role in UC in rats and its regulatory mechanisms.
On the basis of the establishment of a UC rat model
and the stimulation of the hypothalamic PVN with
glutamic acid, we observed whether PVN stimulation
could alleviate intestinal damage in rats with UC,
and investigated related regulatory and molecular
mechanisms, to provide a theoretical basis for clinical
studies.

Figure 3 interleukin-6 and interleukin-17 contents in colon tissue of rats
with ulcerative colitis.

in the UC group than in the normal group, while MDA
content in the 12-μg glutamic acid chemical stimulation
group was significantly decreased than in the UC group
(P = -4.604, t = 0.010; P = 5.124, t = 0.007; Table 2).

Influence of stimulation of the PVN with glutamic acid
on C-myc, Apaf-1 and caspase-3 protein expression in
colon tissues of rats

Apaf-1 and caspase-3 protein expression levels were
significantly higher in the UC group than in the normal
group, while C-myc protein expression levels were
significantly lower than the normal group (P < 0.05).
After 12 μg of glutamic acid was used for stimulation
in rats in the PVN group, Apaf-1 and caspase-3
protein expression levels were significantly decreased
compared with the UC and vehicle groups, while C-myc
protein expression levels were significantly increased
compared with the UC and vehicle groups (P < 0.05;
Figure 4).
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Stimulation of the PVN with glutamic acid significantly
reduces intestinal injury in rats with UC

As one of the centers of visceral activity, the PVN
can extensively regulate various gastrointestinal
[8]
mucosal injuries and repair processes . In this study,
stimulation of the PVN with glutamic acid significantly
reduced intestinal damage in rats with UC, and as
the dose of glutamic acid increased, the scale of
improvement correspondingly increased. This effect
disappeared when the PVN was damaged before
glutamic acid injection. This may be because the PVN
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is a central nervous system that plays a key part in the
protection and repair of intestinal injuries in rats, and
this effect may be limited to the center of the PVN and
its related neurons and has nothing to do with its other
parts or other neurons.
The studies of A1-Ghoul WM and Mateos JM succe
ssively found that mRNAs of two kinds of glutamate
receptor subtypes (metabotropic glutamate and
ionotropic) are closely associated with the PVN, which
[9,10]
are only distributed in the PVN region
. In this
study, glutamic acid receptor antagonist KYNA can
block the stimulation of the PVN with glutamic acid
for the protection and repair of intestinal injury in rats
with UC. Therefore, we conclude that glutamic acid
receptors at the molecular level possibly mediate PVN
stimulation to alleviate this effect in intestinal injury in
rats with UC.

by inhibiting the expression of inflammatory cytokines,
and thus, play a role in repairing damage.
Increased oxygen free radicals can significantly
injure body tissues. In order to eliminate such harm,
the body can produce a free radical scavenger to
scavenge oxygen free radicals. Therefore, the level of
free radical scavenger activity can indirectly reflect the
degree of injured body tissues, in which SOD is one
[19-22]
of the most important members
. The study of
the group of Talero E confirmed that UC can produce
large amounts of oxygen free radicals such as reactive
oxygen and nitrogen, which can cause great damage
[23-27]
to the colonic mucosa
. In addition, an increase
in oxygen free radicals can cause lipid peroxidation,
resulting in increased MDA levels. Therefore, the level
of MDA content may indirectly reflect the degree of
cell damage. In this study, after PVN stimulation with
glutamic acid, MDA content within the colonic mucosa
significantly decreased in rats with UC, while SOD
activity significantly increased. Perhaps, this is because
of the regulatory role of the PVN after stimulation, in
which the antioxidant capacity of colonic epithelial cells
was enhanced so as to alleviate the injury.
The injury degree of UC to the colon depends on
the balance between colonic epithelial cell proliferation
and apoptosis to some extent. If this balance is broken
and apoptosis is more than proliferation, it can result
in the exacerbation of intestinal injury, while when
proliferation is more than apoptosis, it would likely
alleviate UC disease. The studies of the groups of
Kararmnolis DG and Limura M revealed that colonic
epithelial injury is usually accompanied by C-myc,
[28-31]
Apaf-1 and caspase-3 expression changes
,
in which C-myc protein can inhibit apoptosis and
promote cell proliferation. On the contrary, Apaf-1
and caspase-3 proteins are closely associated with
apoptosis, and their overexpression can inhibit C-myc
and other anti-apoptotic effects, resulting in increased
apoptosis and diminished proliferation capacity. In this
study, when glutamic acid was used to stimulate the
PVN, Apaf-1 and caspause-3 protein expression levels
significantly decreased and C-myc protein expression
levels significantly increased in rats with UC. This
shows that PVN stimulation can reduce tissue damage
by enhancing the anti-apoptotic ability of colonic
epithelial cells.
In summary, this study confirms that chemical
stimulation of the PVN with glutamic acid can reduce
intestinal injury in UC. Furthermore, this study also
discussed the possible regulatory mechanism of the
central nervous system of rats with UC, so as to
provide a theoretical basis for clinical protection and
the treatment of UC.

Effect of hypothalamic PVN for alleviating intestinal
injury in rats with UC is mediated by the medulla
oblongata NTS and outer peripheral vagal nerve

Hypothalamic PVN has a wide range of projection
capabilities, which can communicate with many
functional areas in the brain by signals, and is most
[11]
closely associated with the NTS . In this study,
stimulation of the PVN with glutamic acid for alleviating
intestine injury in rats with UC can be blocked after
using KA to damage the NTS, revealing that the NTS
may play an important role in the regulation of the
[12]
PVN in intestinal injury repair . The research team
of Hegart found that AVP neurons in the PVN have a
direct fiber projection with other functional areas of
the brain, and the NTS is one of these. A bidirectional
fiber link can be formed between the NTS and PVN,
[13]
because the NTS is rich in AVP-Vl receptors . In
this study, AVP-Vl receptor antagonist DPVDAV was
injected into the NTS in order to investigate whether
AVP-Vl receptors are involved in the regulation of the
PVN in the intestinal repair of rats via the NTS. It was
found that the effect of glutamic acid stimulation of
the PVN for alleviating intestinal injury in rats with UC
disappeared. After KA induced damage to the NTS,
similar experimental results were obtained, which
partly confirmed the key role that AVP-Vl receptors
played.

PVN stimulation regulates the intestinal repair possibly
through anti-apoptotic effects, antioxidant effects, as
well as the inhibition of inflammatory cytokines and
other procedures

UC can secrete large amounts of inflammatory cytokines
[14-16]
in the body
, in which TNF-α and IL-1β may play
an extremely important role in the inflammatory
[17,18]
process
. This study revealed that after glutamic acid
stimulation, the hypothalamic PVN may cause TNF-α
and IL-1β expression levels to significantly decrease in
colon tissue. This may be because the stimulation of the
PVN with glutamic acid can reduce inflammatory effects
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that easily recurs, has many complications and has a very poor prognosis. At
present, due to the influence of environmental, diet and other factors, UC has
increasingly prevailed in the population, but its exact etiology and pathogenesis
remain unclear.
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A study carried out by Mascaraque et al revealed that the central and peripheral
nervous systems are involved in the regulation of UC.

Innovations and breakthroughs

The hypothalamic paraventricular nucleus (PVN) and nucleus tractus solitarius
(NTS) may play an important role in regulating stress-induced gastric mucosal
damage and gastric ischemia-reperfusion injury (GI-RI), and they may have
participated in the regulatory role of PVN in GI-RI. However, the regulatory role
of the PVN in UC, as well as its regulatory role for the treatment of UC, has
been rarely reported.

12

13

Applications

In this study, the authors observed whether hypothalamic PVN stimulation
could reduce intestinal injury in rats with UC through PVN chemical stimulation,
chemical damage, injection of chemical antagonists and other methods, and
preliminarily explored related regulatory and molecular mechanisms.
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In this manuscript, the authors investigated the effect and mechanism of
glutamate acid stimulation of the hypothalamic paraventricular nucleus in rats
with UC. The study is well designed and the results are very interesting.
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Abstract
AIM: To develop a risk model for Crohn’s disease (CD)
based on homogeneous population.

Institutional review board statement: The study was approved
by the Slovenian National Committee for Medical Ethics (KME
80/10/ 07, 21p / 12/ 07 and 106/05/11).

METHODS: In our study were included 160 CD
patients and 209 healthy individuals from Slovenia.
The association study was performed for 112 single
nucleotide polymorphisms (SNPs). We generated
genetic risk scores (GRS) based on the number of risk
alleles using weighted additive model. Discriminatory
accuracy was measured by area under ROC curve
(AUC). For risk evaluation, we divided individuals
according to positive and negative likelihood ratios (LR)
of a test, with LR > 5 for high risk group and LR < 0.20
for low risk group.
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RESULTS: The highest accuracy, AUC of 0.78 was
achieved with GRS combining 33 SNPs with optimal
sensitivity and specificity of 75.0% and 72.7%,
respectively. Individuals with the highest risk (GRS >
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5.54) showed significantly increased odds of developing
CD (OR = 26.65, 95%CI: 11.25-63.15) compared to
the individuals with the lowest risk (GRS < 4.57) which
is a considerably greater risk captured than in one SNP
with the highest effect size (OR = 3.24). When more
than 33 SNPs were included in GRS, discriminatory
ability was not improved significantly; AUC of all 74
SNPs was 0.76.

provided valuable insight into the genetic architecture of
CD, thus helping us better understand the mechanisms
of innate immunity (NOD2), mucosal integrity
(IBD5), autophagy (ATG16L1, IRGM), lymphocyte
[5-7]
differentiation and proliferation (IL23R, STAT3) .
Recent meta-analysis of data from 15 existing GWASs
and an independent genotype set obtained from
DNA microarray (Immunochip) enrolled 75000 IBD
cases and controls from International Inflammatory
Bowel Diseases Genetic Consortium (IIBDGC) and
identified 71 novel variants for a total of 163 IBD loci.
Of these loci, 110 conferred risk to both IBD subtypes,
[8]
whereas 30 were unique to CD . Several studies
[9-12]
have investigated risk prediction for CD
. In CD the
strongest known association is with the NOD2 gene,
which was for some time considered to be a possible
candidate for genetic screening but ultimately has not
been accepted [an area under ROC curve (AUC) of
0.56], because individual markers have small effect on
[13]
risk and thus have poor predictive ability . In addition,
inclusion of only highly significant common variants
with strong effect sizes (NOD2, IL23R, ATG16L1, IRGM)
into a predictive model managed to improve predictive
power but it was still insufficient for accurate prediction
[10]
(AUC of 0.66) . In recent studies, polygenic genetic
risk scores (GRS) have been used to summarize riskassociated alleles, weighted by their effect sizes (odds
ratios) among an assemble of markers that do not
individually achieve significance in association study
since it has been suggested that a higher number of
included variants with weak to moderate effect sizes
[5,14]
can explain larger proportion of heritability
.
Recently established 163 IBD loci now provide an
important basis for genetic risk prediction. Attempts
have been made to develop accurate genetic risk
profiles based on a large number of patients from
several population heterogeneous cohorts that were
[15]
enrolled in IIBDGC . However, limited data exist on
developing genetic risk profiles in a single genetically
homogeneous population.
We aimed to test the joint contribution of wellestablished susceptibility loci, obtained from custom
designed single nucleotide polimorphism (SNP)
[8]
genotyping chip “Immunochip” (iCHIP) , in order to
construct accurate risk prediction for Slovenian CD
patients.

CONCLUSION: The authors proved the possibility of
building accurate genetic risk score based on 33 risk
variants on Slovenian CD patients which may serve as a
screening tool in the targeted population.
Key words: Inflammatory bowel disease; Crohn’s
disease; discriminatory accuracy; genetic risk score;
Single nucleotide polymorphisms
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Core tip: Genome wide association studies have
provided a comprehensive catalogue of susceptibility
inflammatory bowel disease (IBD) loci, which now
present an important basis for genetic risk prediction.
We aimed to develop an accurate Crohn’s disease
(CD) risk prediction model for the Slovenian cohort.
The most optimal 33 SNPs model showed good
discriminatory ability, which may be useful for risk
stratification in targeted population (gastrointestinal
disturbances, positive family history). Individuals in the
highest risk group have 27-fold higher odds for CD risk
compared to individuals in the lowest risk group. To
the best of our knowledge, this is the first population
specific genetic prediction based on recently established
IBD loci.
Zupančič K, Skok K, Repnik K, Weersma RK, Potočnik U,
Skok P. Multi-locus genetic risk score predicts risk for Crohn’s
disease in Slovenian population. World J Gastroenterol 2016;
22(14): 3777-3784 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i14/3777.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i14.3777

INTRODUCTION
Crohn’s disease (CD) is a multifactorial chronic inflam
matory bowel disease (IBD) caused by dysregulated
immune response to commensal intestinal microflora
[1]
in genetically susceptible individuals . CD can affect
any segment of the gastrointestinal tract and has a
relapsing-remitting course with various patterns of
[2,3]
behavior . Prevalence and incidence of CD increased
significantly over the last decades in developed parts of
the world and ranges from 136 to 319 per 100000 and
from 6 to 29 per 100000, respectively, indicating its
[4]
emergence as a global disease .
Genome-wide association studies (GWASs) have
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MATERIALS AND METHODS
Cases and controls

Study population consisted of 236 healthy individuals
in the control group and 202 CD patients from the
University Medical Center Ljubljana and Maribor as
[16]
described previously . All CD patients had reliable
clinically and histopathologically confirmed disease. The
study was approved by Slovenian National Committee
for Medical Ethics (KME 80/10/07, 21p/12/07 and KME
106/05/11). Patients gave informed consent prior to
inclusion in the study and the study was performed
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in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki).

have a disease compared to a healthy person with
the same result according to a given test (positive or
negative). A positive LR above 5 is considered to be
a moderate evidence to confirm a disease, LR above
10 strongly confirms a disease, whereas a negative
LR below 0.2 is considered moderate, and below 0.1
strong evidence to exclude disease. LR are powerful
tools for GRS evaluation since they are not affected by
a prevalence and with prior probability (prevalence)
they present a basis for post-test probability (predictive
[19]
value - PV) calculation . Positive PV presents the
probability of patient having a disease if the test is
positive, while the opposite is true for a negative
[20]
PV . For post-test probabilities estimations, we
used prevalence of disease 1.2/1000, since there are
approximately 2000-2500 CD patients in Slovenia.
Statistical analysis of distribution (normal, nonparametric) of selected parameters (GRS, allele
frequencies, OR, United States) between cases and
controls, and between different GRS models was
conducted with Shapiro-Wilk test in SPSS 22.0. t-test
or rank-sum test (Mann-Whitney) were used according
to distribution.

SNP selection

Genotyping data for cases and controls was obtained
from the iCHIP, where Slovenian patients and controls
were enrolled within the IIBDGC. Genotyping for initial
236 controls and 202 CD patients was performed
with hybridization on iCHIP according to protocol
(Illumina). Rigorous quality control of the study group
(gender matching, call rate, family ties and genetic
origin verification) and genotyping information [HardyWeinberg equilibrium (HWE)] was applied in PLINK
v1.07 and R. Individuals with more than 10% missing
genotypes were excluded. SNPs with a call rate below
90% were discarded from further analyses. We also
excluded SNPs when the controls showed deviation
from HWE with a P < 0.0001 in control group. The
remaining 160 CD patients, 209 controls, and 112
SNPs from a total of 163 SNPs were included in further
statistical analysis.

Statistical analysis

The case-control association analysis of allele
frequencies was statistically assessed in SPSS 22.0
(IBM Corp., Armonk, NY) using Fischer exact test and
χ 2. The results were presented as P-values, OR and
95%CI. We compared risk alleles and their frequencies
[8]
to those in meta-analysis study by Jostins et al and
included only those SNPs from a total of 112 SNPs
that showed association of risk allele with Slovenian
CD patients risk allele. Statistical significant threshold
-4
(P-value) was at 0.05 and 4.46 × 10 after Bonferroni
correction for multiple testing.

RESULTS
Association analysis

We found that risk alleles frequencies of 74 SNPs (66%)
matched with those in the reference study by Jostins
[8]
et al . The risk alleles of remaining 38 SNPs were in
the opposite direction and therefore we excluded them
from further analysis (Supplement Table 1). This was
to be expected since our case-control group was too
small to achieve sufficient statistical power comparing
[8]
to 75.000 cases and controls enrolled in IIBDGC . In
present study, we initially confirmed 15 statistically
significant associations (for dominant, recessive, allelic
model) from a total of 74 SNPs; among these 15
significant associations, only 8 SNPs were statistically
significant under allelic model (Supplement Table 1).
-4
None of them remained significant (P < 4.46 × 10 )
after Bonferroni correction.

Genetic risk profiles construction

We constructed GRS in an additive manner using a
weighted approach. The number of risk alleles at each
locus (2, 1, 0) was multiplied by their corresponding
beta-coefficients of effects sizes [log(OR)] and then
summed up in GRS that each individual carried. In
order to avoid bias we used ORs from recent meta[8]
analysis by Jostins et al .
For optimal risk construction, we used a ranking
P-values approach, starting with SNP with the lowest
[17]
P-value and gradually adding one per one in GRS .
The most optimal GRS was then compared to GRS of
the remaining SNPs, to GRS of marginally significant
SNPs with highest OR and to GRS of all included SNPs.
ROC with AUC were used to measure discriminatory
accuracy at various GRS cut-offs (sensitivity/1specificity). An area of an AUC < 0.7 represents poor
discrimination; 0.7-0.8 acceptable (fair) discrimination,
[18]
and 0.8-0.9 excellent discrimination . Cut-off
values for sensitivities, specificities, positive/negative
predictive values and positive/negative likelihood ratios
were computed in Medcalc 14.8. Likelihood ratio (LR)
describes how likely an affected person is going to
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Genetic risk profiles

We used the ranking P-value method for GRS
construction as described in the methods section. For
individual SNPs, AUC ranged from 0.50 to 0.57 (median
0.53) for SNPs with the lowest effects sizes versus
SNPs with the highest effect sizes, respectively, but the
difference between these two most distant AUC values
was not significant (P = 0.06). Significantly better
-4
(P < 10 ) discriminatory ability than in an individual
marker was achieved when 8 nominally significant
SNPs (P < 0.05) were included in a model with AUC
of 0.69 (95%CI: 0.64-0.74). Their ORs ranged from
1.42 to 3.24 (median 1.50). The most optimal GRS
was achieved with 33 SNPs model with AUC of 0.78
(95%CI: 0.72-0.82) and ORs ranging from 1.15 to
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Table 1 Genetic risk profile based on the genetic risk score in 33 single nucleotide polymorphisms model
GRS

1

Sensitivity

Specificity

+LR

-LR

+PV

-PV

+PV

98.12%
93.12%
75.00%
35.63%
10.00%
6.25%

19.62%
34.45%
72.73%
93.30%
99.04%
99.52%

1.22
1.42
2.75
5.32
10.42
13.02

0.10
0.20
0.34
0.69
0.91
0.94

0.15%
0.17%
0.33%
0.63%
1.24%
1.54%

100.00%
99.98%
99.96%
99.92%
99.89%
99.89%

11.94%
13.63%
23.41%
37.14%
53.65%
59.13%

> 4.27
> 4.57
> 5.05
> 5.54
> 5.81
> 5.94

-PV

1

98.95%
97.83%
96.32%
92.88%
90.83%
90.53%

1

PV-positive and negative predictive value for estimated prevalence of CD in targeted population with high risk (10%). LR-positive and negative likelihood
ratio, PV-positive and negative predictive value for estimated prevalence of CD in Slovenian population (0.12%). GRS: Genetic risk scores; CD: Crohn’s
disease; LR: Likelihood ratios; PV: Predictive value.
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Figure 1 Area under curve for different P-values thresholds and corresponding numbers of included single nucleotide polymorphisms. The most optimal
AUC was achieved with GRS of 33 risk alleles (AUC of 0.78) at P-value threshold of 0.256 (marked with *). Adding 41 SNPs to GRS did not improve GRS significantly,
however it presented needless background noise. AUC: Area under curve; GRS: Genetic risk scores; SNPs: Single nucleotide polymorphisms.

(Table 1). Due to the low CD prevalence (0.12%) only
up to 1.5% of population would be correctly confirmed
as diseased. On the contrary, high-risk individuals
(positive family history, gastrointestinal disturbances)
with estimated pre-test probability of 10% have up to
59.1% higher probabilities of having the disease if they
test positive.
To evaluate risk between individuals in our study,
we divided them into three risk groups according to
optimal positive and negative LRs at corresponding GRS
cut-offs. LR are powerful tools for model evaluation,
since they do not depend on prevalence (for further
readings see Methods). The high-risk group included
individuals who tested above GRS cut-off 5.54 (positive
LR > 5.0). The intermediate group (grey zone) included
individuals with GRS between 4.57 and 5.54 and the
low risk group included individuals who tested below
GRS cut-off 4.57 (negative LR < 0.20). The results
showed that the odds of developing CD (OR = 26.65,
95%CI: 11.25-63.15) were significantly increased
in individuals in the highest risk group compared to
individuals in the lowest risk group (Table 2).
Since the majority of the tested individuals fall
into the “grey zone” category (intermediate risk
group) (Figure 2) it would be useful to further stratify

3.24 (median 1.32). It performed significantly better
-4
(P = 8 × 10 ) than the 8 SNPs model, although the
8 SNPs model had higher ORs median (P = 0.0012).
Interestingly, mean risk allele frequencies (RAF) of
included SNPs did not differ significantly between 8
SNPs and 33 SNPs risk models (P = 0.110).
When more than 33 SNPs were included in GRS
(Figure 1), discriminatory ability was not improved
significantly; AUC of all 74 SNPs was 0.76. These
additional SNPs present needless background noise. To
confirm this, we also tested accuracy of the remaining
41 SNPs, which achieved poor performance with AUC
of 0.58 (95%CI: 0.53-0.63) and this value is similar to
an accuracy of an individual SNP. The 41 SNPs model
accuracy and median of ORs (ranging from 1.00 to
1.85; median 1.11) of SNPs were significantly lower
-4
than in the aforementioned 33 SNPs model (P < 10 ).
RAF of the included SNPs did not differ significantly
between these two models (P = 0.288).

Evaluation of 33 SNPs genetic risk model

We presented the applicability of GRS in context of
pre-test (prevalence), LR, and corresponding post-test
probability of target population for two different prior
probabilities (general population, high-risk population)

WJG|www.wjgnet.com
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Table 2 Comparison of risk in different groups of individuals
Group
High vs low risk
High vs intermediate risk
Intermediate vs low risk

OR

P value

95%CI

26.65
4.06
5.13

< 0.0001
< 0.0001
< 0.0001

11.25-63.15
1.32-12.47
2.76-9.56

10 diseased
subjects
100 tested
subjects

High-risk group: GRS > 5.54; Intermediate risk group: 4.57 < GRS ≤ 5.54;
low risk group: GRS ≤ 4.57. GRS: Genetic risk scores.

90 healthy
subjects

40%

Percentage of individuals

35%
30%

2 false
negatives
65 true
negatives
25 false
positives

Figure 3 Flow diagram for sensitivity (75%) and specificity (72.7%) in
targeted population (Crohn’s disease prevalence 10%). If we test 100
subjects and set the cut-off at 5.05, 32 of them will test positive (above cut-off),
with post-test probability of disease approximately 24% (8/33).

CD%

25%

8 true
positives

CON%

20%
15%
10%

10 diseased
subjects

5%
0%

100 tested
subjects

< 3.8 3.8-4.2 4.2-4.6 4.6-5.0 5.0-5.45.4-5.85.8-6.2 6.2-6.6 ≥ 6.6
Genetic risk score

90 healthy
subjects

Figure 2 Distribution of Genetic risk scores in Crohn’s disease and
controls. GRS is normally distributed (Shapiro-Wilk, P > 0.05) in CD cases and
controls. Cases have significantly higher GRS (5.32 ± 0.47) than controls (4.78
± 0.53); P < 10-4. CD: Crohn’s disease; GRS: Genetic risk scores.

6 false
negatives
84 true
negatives
6 false
positives

Figure 4 Flow diagram for sensitivity (35.6%) and specificity (93.3%)
in targeted population (Crohn’s disease prevalence 10%). If we test 100
subjects and set the cut-off at 5.54, 10 of them will test positive (above cut-off),
with post-test probability of disease approximately 40% (4/10).

these individuals. According to the best trade-off
between sensitivity and specificity we can set GRS
cut-off at 5.05 (sensitivity 75.0%, specificity 72.7%,
+LR 2.45), where in high risk population 23.4%
subjects will be identified as diseased if they are tested
positive (Figure 3). Individuals, who test below the
cut-off 5.05, have a high probability of 96.5% that
they are not affected.
Moderately better risk stratification (+LR > 5, high
risk group) can be achieved by setting the threshold
to GRS cut-off 5.54 with specificity of 93.3% but at
expense of higher number of false negatives (sensitivity
of 35.6%) (Figure 4). By setting the threshold even
higher (GRS > 5.80) it is possible to yield positive
LR greater than 10% and 53.7% individuals will be
classified as diseased.
More precise CD exclusion can be achieved with
lower GRS cut-off (< 4.57), where we can rule out
non-diseased individuals with a sensitivity of 93.12%
and a negative PV of 97.8% but at an expense of
having more false positives (specificity of 34.65%).

good discriminatory ability (AUC of 0.78), which may
be useful for risk stratification in targeted population.
Individuals in the highest risk group (GRS > 5.54)
have 27-fold higher OR for CD risk compared to
individuals in the lowest risk group (GRS ≤ 4.57). This
is considerably greater risk captured than in individual
SNP with the highest effect size (IL23R, OR = 3.24).
The highest discriminatory ability of individual SNPs
yielded only 0.57 at best, which support findings from
[10]
study by Jakobsdottir et al , that “individual markers
are poor classifiers even with replicated high effect
sizes”.
According to literature, genetic risk prediction in
CD using common risk loci ranges from AUC of 0.56
[10-12]
to 0.72
. Recently it has been suggested that
robust machine-learning techniques using large sample
sizes and wider variant spectrum (including risk allele
frequencies less than 0.05) in low linkage disequilibrium
importantly improves risk prediction in CD to an
[15,17]
AUC greater than 0.85
. Theoretically, given its
high heritability (not accounting the low prevalence
of CD), it is possible to achieve AUC up to 0.98 if all
CD risk loci have been identified and effect sizes are
[21,22]
accurately measured
. However, these studies
are technologically complex and are mostly based on

DISCUSSION
In our study, we developed an accurate CD risk
prediction model for Slovenian cohort. To the best of
our knowledge, this is the first population specific
genetic prediction based on recently established
IBD loci. The most optimal 33 SNPs model showed
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4 true
positives
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[19]

simulation data and/or require large and heterogeneous
patients’ cohorts data which is not always available. In
our study, in order to avoid methodologic complexity,
we used a simplified P-value ranking approach to deter
mine optimal number of SNPs, as already described in
[17]
Methods .
Studies have shown that Europe is genetically and
ethnically diverse. Genetic differentiation exists not
only between the northwest and southeast part of the
continent but also within these two distinct groups,
[23,24]
creating indispensable inter-population differences
.
In this case SNPs may serve as proxies for shared
environments that can differ from population to
population. This may be due to interference of different
factors modifying genetic architecture (geographical
placement, pollutants, adherence to particular diet,
[25]
etc.) . Therefore, population specific risk profiles may
offer a more accurate risk estimation for the selected
population, which was one of the main reasons why we
[26]
included the small homogeneous Slovenian cohort .
A genetic risk model may be primarily useful
for screening purposes in a population with higher
prior probabilities of CD; prolonged gastrointestinal
disturbances suggestive of CD (abdominal pain,
diarrhea, weight loss) and/or positive family history
to identify at-risk individuals for further more invasive
diagnostic procedures. In addition to sufficiently high
prevalence, a risk prediction model also needs to be
sensitive and specific with considerably high positive
and negative likelihood ratios and cost efficient (as few
[19,20,27]
markers as possible)
. The prevalence of CD in
patients with one affected first-degree relative ranges
[28]
from 2.2% to 16.2% . For Slovenia, there is currently
no accurate data for family history in CD patients
available, however it has been clinically estimated
that around 10% of CD patients have one affected
first-degree relative. In this case, positive post-test
probability rises up to 59.1% compared to general
population, where positive post-test probability due to
low CD prevalence yields only 1.5% at best. According
to our results, the most optimal cut-off was at GRS >
5.05 with sensitivity of 75.0% and specificity of 72.7%.
By raising cut-off to a higher GRS > 5.54 it is possible
to stratify at-risk individuals even more precisely with a
specificity of 93.3% but at expense of lower sensitivity
(35.6%) and therefore a higher number of false
negatives. However, due to small number of individuals
who test positive (Figure 4) it may be more costeffective and practical than setting cut-off to a lower
GRS. For comparison, prostate-specific antigen test
yields similar results with sensitivity and specificity of
20.5% and 93.6%, respectively and is widely used in
[29]
screening for prostate cancer .
To compare risks between high and low risk group,
GRS of individuals are usually divided into quartiles
or quintiles. However, this approach may be too rigid
and therefore may not present all true observations
[18]
of the series . We thereby propose a more suitable
approach, by using test likelihood ratios, which are
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powerful tools for the GRS evaluation . In our case
we divided individuals into three groups according to
moderate increase in likelihood of disease (+LR > 5.0;
-LR < 0.20) because of a better trade-off between
sensitivity and specificity (less false negatives).
Individuals in the highest risk group had 27-fold higher
OR for CD risk compared to individuals in the lowest
risk group. Similar results with high OR between
risk groups were presented in rheumatoid arthritis
[27]
GRS study by Yarwood et al
(OR = 27.13), and in
[30]
psoriasis GRS study by Yin et al
(OR = 28.20) but
they used quintiles and quartiles, respectively. Since
LR higher than 10 is largely conclusive for disease, in
our case it is possible to yield even 55-fold higher OR
for CD risk compared to individuals, but at expense of
higher number of false negatives (sensitivity 10%).
Our results also highlight the importance of testing
published SNPs in population cohort before building
models. For example, when all 112 SNP were included
in the model we achieved an AUC of only 0.64, since
risk alleles were labelled according to reference
[8]
study by Jostins et al and 38 were in the opposite
directions than those in the reference study.
It has been suggested that including a higher
number of risk variants with weak to moderate effect
sizes, that were not all significant in the association
study, can improve risk prediction on account of ex
[14,31]
plaining larger proportion of heritability
. Intere
stingly, when additional 41 SNPs with weak ORs were
included to the model of 33 SNPs the discriminatory
ability did not improve significantly. In our case, these
SNPs actually present only a background noise and are
therefore cost redundant. The discriminatory accuracy
of 41 SNPs was in fact similar to an accuracy of an
individual SNP, which represents a poor classifier (no
better than a chance). Therefore, a cluster of higher
numbers of non-significant variants with very weak
effect sizes may also explain only a minor proportion
of genetic variance in complex diseases (the same as
individual SNP). Currently, 163 IBD loci accounts for
[8]
13.6% of total CD heritability . Future discovery of
rare variants with lower frequencies and high effect
sizes through robust gene-mapping studies (nextgeneration sequencing) could lead to improvement of
“missing heritability” and to more accurate genetic risk
[22,31]
prediction
.
A limitation of our study is a small number of CD
patients and controls. Therefore, results may be biased
due to over-fitting and should be validated on a larger
case-control sample size. Furthermore, we analyzed
only common risk loci from iCHIP, which were strongly
confirmed on a large IIBDGC heterogeneous cohort
thus balancing out possible inter-population genetic
variations. It would be interesting to test, if other
variants which have not reached genome-wide levels of
significance could improve our population specific risk
prediction. And lastly, we used additive model which
does not account for possible gene-gene interactions.
In conclusion, to the best of our knowledge, this is
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the first population specific study developing predictive
[8]
models after the 163 IBD SNPs have been discovered .
Population specific genetic models may offer more
optimal risk stratification for selected population than
ethnically and genetically diverse consortiums. In our
study we presented “real” issues of small populations,
a simpler methodology approach with ranking P-values
and a comprehensible transition to clinical scenario.
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Background

To date genome-wide association studies (GWAs) have identified more
than 160 loci in the human genome that contribute to the development of
inflammatory bowel disease (IBD). Multi-locus profiles of genetic risk can
be used to translate discoveries from GWAs into tools for population health
research, such as development of accurate risk profiles for genetic risk
prediction.
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Research frontiers

Attempts to develop reliable and accurate genetic risk profiles have been made
on a large number of patients from several population heterogeneous cohorts.
However, limited data exists on developing genetic risk profiles in a single
genetically homogeneous population.

Innovations and breakthroughs

To the best of our knowledge, the authors performed one of the first population
specific genetic prediction studies based on recently established IBD associated
loci. their results suggest that it is possible to construct a genetic risk model
with good discriminatory ability on a homogenous population cohort. The model
may be useful for stratifying individuals at higher risk of developing Crohn’s
disease (CD).

Applications

The genetic risk model may serve as a screening tool in a targeted population
with higher risk (gastrointestinal disturbances, positive family history) to develop
disease. Similar studies may be performed for other smaller cohorts in order to
further improve their population specific genetic risk prediction.
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Terminology

Immunochip is an Illumina Infinium single-nucleotide polymorphism (SNP)
microarray that includes momentarily approx., 200000 SNPs relevant to multiple
different immune-mediated diseases including CD and ulcerative colitis. This
chip provides a powerful tool for immunogenetics gene mapping.
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Peer-review

The present work has originality. The research study on genetic risk
predictor for CD using a reasonable number of SNPs has merits and the
only shortcoming is sample size, which was very small. However, the sample
population is homogeneous, thus attenuating the effects of the small sample
size. The methodology used is adequate and the discussion is consistent.
Therefore, the work deserves to be published.
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RESULTS: The predisposition was mostly hepatitis B
in type A, while it was alcoholic liver disease in types
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B and C. Injury was mostly hepatic in type A, but
was non-hepatic in type C. Liver failure, defined by
CLIF-SOFA, was more frequent in types A and B, and
circulatory failure was more frequent in type C. The
30-d overall survival rate (85.3%, 81.1% and 83.7%
for types A, B and C, respectively, P = 0.31) and the
30-d transplant-free survival rate (55.9%, 65.5% and
62.5% for types A, B and C, respectively P = 0.33)
were not different by ACLF subtype, but 1-year overall
survival rate were different (85.3%, 71.7% and 58.7%
for types A, B and C, respectively, P = 0.02).

these, there are 2 mainstream definitions most
widely used in clinical settings and research. The
Asian Pacific Association for the Study of the Liver
(APASL) consensus introduced an ACLF definition
as “an acute hepatic insult manifesting as jaundice
(serum bilirubin ≥ 5 mg/dL) and coagulopathy (INR
≥ 1.5), complicated within 4 wk by ascites and/or
encephalopathy in patients with previously diagnosed
or undiagnosed chronic liver disease/cirrhosis, and is
[3]
associated with a high 28-d mortality” . The European
Association for the Study of the Liver-chronic liver
failure (EASL-CLIF) Consortium defined ACLF as acute
decompensation of cirrhosis in the form of one or more
major complications of liver disease, including ascites,
hepatic encephalopathy, gastrointestinal bleeding,
and bacterial infection, associated with at least two
organ failures with one being renal failure (serum
creatinine ≥ 1.5 mg/dL) and high 28-d mortality of
[4]
greater than 15% . They share a common idea that
ACLF is a spectrum of disease with varying severity,
characterized by multiple organ failure and high
[5-8]
mortality , with liver transplantation (LT) as the only
[9-11]
definitive curative option
. However, the discordant
details between the 2 definitions results in confusion
rather than clarification of the situation. In specific, the
2 groups suggest different explanations for the duration
of illness, severity of the underlying liver disease, and
the type of precipitating events. However, these factors
are what essentially define ACLF, because each factor
determines the acuteness of event, chronicity of liver
disease, and the type of insult, respectively.
To embrace previously suggested definitions and
[12]
better clarify this condition, Jalan et al
recently
proposed a new definition and classification for
ACLF. They defined ACLF as “a syndrome in patients
with chronic liver disease with or without previously
diagnosed cirrhosis which is characterized by acute
hepatic decompensation resulting in liver failure
(jaundice and prolongation of the INR) and one or
more extrahepatic organ failures that is associated with
increased mortality within a period of 28 d and up to
[12]
3 mo from onset” . In their definition, they included
any chronic liver disease, regardless of the presence
of cirrhosis, and a wide range of precipitating events
that could damage liver function either directly or
indirectly. Patients with chronic liver disease but without
cirrhotic features were categorized as type A. Type B
ACLF was a group with previously well-compensated
cirrhosis, while those with a history of jaundice and/or
complications of portal hypertension were included in
type C. However, they admitted that this is a working
definition which is only to identify patients from whom
to collect data to ultimately reach a validated definition.
Therefore, the aims of this study were to investigate
and compare clinical characteristics, including pre
disposition (etiologies of chronic liver disease), injury
(precipitating events), response (manifestations),
short and long-term outcomes according to spectrum

CONCLUSION: There were clear differences in pre
disposition, type of injury, accompanying organ failure
and long-term mortality according to spectrum of
chronic liver disease, implying classifying subtype
according to the severity of underlying liver disease is
useful for defining, clarifying and comparing ACLF.
Key words: Acute-on chronic liver failure; Classification;
Injury; Organ failure; Survival
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Controversy exists over defining acute on
chronic liver failure (ACLF). Recently, multimodal ACLF
classification that classifies patients into chronic hepatitis,
cirrhosis and cirrhosis with previous decompensation
has been suggested. We found that the new ACLF
classification has clear differences in predisposition,
type of injury, accompanying organ failure and longterm outcome by subtype. ACLF patients showed
similar high short-term mortality, especially without liver
transplantation, according to the subtype, but showed
clear difference in the long-term mortality, indicating
that the subtyping of ACLF by severity of underlying liver
disease is useful.
Hong YS, Sinn DH, Gwak GY, Cho J, Kang D, Paik YH, Choi
MS, Lee JH, Koh KC, Paik SW. Characteristics and outcomes
of chronic liver disease patients with acute deteriorated liver
function by severity of underlying liver disease. World J
Gastroenterol 2016; 22(14): 3785-3792 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3785.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3785

INTRODUCTION
Patients with either diagnosed or undiagnosed chronic
liver disease occasionally present with an acute dete
rioration of liver function caused by direct or indirect
insults to the liver. This event, in general, is termed
[1]
acute-on-chronic liver failure (ACLF) . However,
because of varied etiology and manifestations, there
has been a great heterogeneity in defining the disease
and, in fact, a recent systematic review has found
[2]
more than a dozen definitions for ACLF . Among
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of chronic liver disease (non-cirrhosis, cirrhosis and
cirrhosis with previous decompensation), thereby, to
determine relevance of subtyping ACLF by severity of
underlying disease for future practice and research.

esophagogastroduodenoscopy (EGD). Cirrhosis was
considered to be present if thrombocytopenia (platelet
3
< 150 × 10 /μL), splenomegaly, ascites (by cross
sectional images), varices (by EGD, cross-sectional
images, or history of variceal bleeding), and cirrhotic
features of the liver (nodular surface or caudate lobe
[13]
hypertrophy) in cross-sectional images were present .
When the findings were compatible with chronic liver
disease without any features of liver cirrhosis, patients
were designated type A. If patients had a previous
history of jaundice and/or complications of portal
hypertension such as variceal bleeding, ascites or
hepatic encephalopathy, these patients were classified
as type C of ACLF. Well-compensated liver cirrhosis
patients were included in type B.

MATERIALS AND METHODS
Study design and study population

This is a retrospective cohort study conducted by using
electronic medical records of ACLF patients who visited
Samsung Medical Center between January 1, 2011 and
June 30, 2014. We included patients 18 years or older
and with deteriorated liver function, defined as jaundice
(serum bilirubin ≥ 5 mg/dL) and coagulopathy (PT
INR ≥ 1.5). A total of 268 patients were identified,
and we excluded 101 patients due to the following
reason: acute liver failure patients without underlying
chronic liver disease (n = 91), patients with chronic
hepatic decompensation (n = 9) (chronic liver failure
without acute component), and patients who were on
warfarin (n = 6). Chronic liver disease was defined
when there was evidence of chronic hepatitis B virus
(HBV) or hepatitis C virus (HCV) infection by reviewing
serologic markers and history, history of significant
alcohol intake, history of chronic abnormality in liver
profiles with serologic evidence of autoimmune liver
disease, and/or radiological evidence of cirrhosis.
The final study sample includes 167 patients. The
study was reviewed and approved by the Institutional
Review Board of Samsung Medical Center. Because the
study is based on the retrospective analysis of existing
administrative and clinical data, the requirement of
obtaining informed patient consent was waived by the
Institutional Review Board of Samsung Medical Center.
Patient records/information was anonymized and deidentified prior to analysis.

Injury, responses and survival

As possible injury, hepatic insults included reactivation
of HBV, alcohol ingestion, superinfection by hepatitis
A virus (HAV), toxic hepatitis, and AIH flare. Bacterial
infection/sepsis, variceal bleeding, and non-variceal
bleeding were regarded as extrahepatic insults. Alcohol
consumption was considered as the most probable
precipitating etiology when active alcohol consumption
was documented within the last 4 wk and there was no
other apparent cause of the acute event. Positive antiHAV IgM by ELISA confirmed acute HAV infection. In
addition, bacterial infection/sepsis was considered as
an acute insult in case of definite evidence of infection,
such as positive cultures of blood, ascites, urine and
sputum and/or when clinically suspected. If patients
had multiple injuries (e.g., HBV reactivation and
variceal bleeding) and if it is difficult to differentiate an
initial one, both of them were considered. Injury was
categorized as unknown when all other possible causes
were not matched.
The Model for End-stage Liver Disease (MELD)
[14]
score, SIRS, and organ failure were investigated .
The presence of each organ failure, as well as the
number of organ failures was evaluated at the initial
visit (baseline). Type of organ failure was categorized
into none, hepatic/coagulation, and extrahepatic ±
hepatic/coagulation. Extrahepatic organ failure was
defined for renal, cerebral, circulatory and respiratory
organ failure. Organ failure was defined according to
[4]
the EASL-CLIF score .
The primary end-point was 30-d survival. Se
condary end-point was 30-d transplant free survival,
1-year overall survival and 1-year transplant free
survival. With transplant free survival, transplant was
considered as end point (failure). Patient survival was
assessed for 365 d after the initial visit. Patients who
were lost to follow-up without reaching the end point
were classified as censored cases.

Measurements

Data on etiologies and severity of underlying liver
disease at the time of diagnosis were evaluated. Acute
precipitating events, major presenting complications
and the presence of organ failure and systemic inflam
matory response syndrome (SIRS) were assessed.
Additionally, laboratory measurements including
complete blood count (CBC), liver function tests, renal
function tests, coagulation profile and culture tests
were reviewed. Information on LT, mortality and cause
of death was collected until a year after the enrollment.

Predisposition and ACLF types

Alcoholic liver disease (ALD), chronic hepatitis B, chronic
hepatitis C, autoimmune hepatitis (AIH), Wilson’s
disease, biliary cirrhosis, Budd-Chiari syndrome, and
cryptogenic liver cirrhosis were regarded as chronic
liver diseases. Chronic liver disease and cirrhosis were
confirmed by a thorough review of available previous
medical records: biochemical analysis, ultrasono
graphy, abdomen computed tomography (CT), and
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Statistical analysis

Means ± SD were used for describing continuous
outcomes, and analysis of variance was applied to
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Table 1 Predisposition, injury and response according to the subtypes n (%)

Age (yr)c
Male
Predisposition
HBVc
Alcoholac
HCV
Autoimmunec
Others
Injury
Hepaticace
Extrahepaticace
Unknowne
Both (hepatic + extrahepatic)
Response
MELD score
SIRS
Organ failures by CLIF-SOFA
Type of organ failure
Nonee
Hepatic/coagulationce
Extrahepaticc
Specific organ type
Hepaticce
Coagulation
Renal
Cerebral
Circulatoryce
Respiratory
Number of organ failure
Nonee
Onee
≥2

Type A (n = 34)

Type B (n = 53)

Type C (n = 80)

51.9 ± 10.3
20 (58.8)

54.0 ± 10.3
32 (60.4)

58.0 ± 11.1
59 (73.8)

P value
0.010
0.159

21 (61.8)
4 (11.8)
0 (0.0)
6 (17.7)
3 (8.8)

19 (35.9)
25 (47.2)
0 (0.0)
2 (3.8)
7 (13.2)

28 (35.0)
33 (41.3)
6 (7.5)
2 (2.5)
11 (13.8)

0.020
0.001
0.051
0.008
0.827

30 (88.2)
0 (0.0)
4 (11.8)
0 (0.0)

31 (58.5)
13 (24.5)
4 (7.6)
5 (9.4)

9 (11.3)
44 (55.0)
23 (28.8)
4 (5.0)

< 0.001
< 0.001
0.005
0.165

29 ± 8.3
9 (26.5)

27 ± 5.7
19 (35.9)

26 ± 6.3
30 (37.5)

0.137
0.516

8 (23.5)
19 (55.9)
7 (20.6)

8 (15.1)
34 (64.2)
11 (20.8)

28 (35.0)
21 (26.3)
31 (38.8)

0.035
0.000
0.038

26 (76.5)
10 (29.4)
7 (20.6)
2 (5.9)
1 (2.9)
2 (5.9)

42 (79.3)
11 (20.8)
5 (9.4)
4 (7.6)
4 (7.6)
1 (1.9)

28 (35.0)
21 (26.3)
17 (21.3)
11 (13.8)
16 (20.0)
4 (5.0)

< 0.001
0.630
0.182
0.418
0.021
0.679

8 (23.5)
13 (38.2)
13 (38.2)

8 (15.1)
29 (54.7)
16 (30.2)

28 (35.0)
26 (32.5)
26 (32.5)

0.035
0.036
0.733

a

P < 0.05 Type A vs B using Bonferroni’s post hoc test; cP < 0.05 Type A vs C using Bonferroni’s post hoc test; eP < 0.05 Type B vs C using Bonferroni’s post hoc
test. HBV: Hepatitis B virus; HCV: Hepatitis C virus; AIH: Autoimmune hepatitis; MELD: Model for end stage liver disease; SIRS: Systemic inflammatory
response syndrome; CLIF-SOFA: Chronic liver failure-sequential organ failure assessment.

compare the means of the different ACLF groups. In
addition, Bonferroni’s method was used as a post2
hoc test for group comparison. χ test and Fisher’s
exact test were employed as needed for categorical
variables. The Kaplan-Meier method was applied for
estimating the survival rates, and the differences of the
survival were compared using a log-rank test. We also
obtained Bonferroni adjusted P-values to compensate
multiple testing procedures. P-value of < 0.05 was
considered statistically significant.

the other hand, extrahepatic insults such as bacterial
infection and bleeding episodes were more responsible
for type C. Type B were in-between type A and type
C. The specific injuries (precipitating events) are
shown in Table 2. MELD score and SIRS at diagnosis
were comparable among the types. In terms of
organ failure, defined by the CLIF-SOFA system, the
extrahepatic failure was more frequent in type C than
type A, and hepatic/coagulation failure was more
frequent in types A and B than type C.

Outcomes according to the ACLF types

RESULTS

At 30 d, the overall survival rate and the transplantfree survival rate were 83.2% and 61.1%, respectively.
At 1 year, the overall survival rate and the transplantfree survival rate were 68.3% and 46.7%, respectively.
The most common cause of death was infection
(52.8%), followed by bleeding (20.8%). During the
follow-up period, 44 patients (12, 16 and 16 in types A,
B, and C, respectively) received LT.
According to each ACLF type, the overall 30-d
survival rate (85.3%, 81.1% and 83.7% for type
A, B and C, respectively, P = 0.31; Figure 1A) and
transplant-free survival rate at 30 d (55.9%, 65.5%

Predisposition, injury and response according to the
ACLF types

Comparison of baseline characteristics is shown in
Table 1. The etiology of predisposing liver diseases
was significantly different according to the ACLF types.
Hepatitis B was the most common etiology in type
A, while ALD was more common in type B and type
C. AIH was more common in type A. Interestingly,
except for unknown cases, all ACLF of type A were
caused by injury directed at the liver. HBV flare was
the most common precipitating event in type A. On
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A

Table 2 Specific injury according to the acute on chronic liver
failure type n (%)

HBV flareace
Alcoholae
HAV
Toxine
AIH flarec
Infectionac
Varix bleeding
Other bleeding
Unknowne

Type A

Type B

Type C

P value

17 (50.0)
3 (8.8)
3 (8.8)
5 (14.7)
7 (20.6)
0 (0.0)
0 (0.0)
0 (0.0)
4 (11.8)

11 (20.8)
19 (35.9)
1 (1.9)
9 (17.0)
2 (3.8)
13 (24.5)
3 (5.7)
2 (3.8)
4 (7.6)

4 (5.0)
6 (7.5)
1 (1.3)
3 (3.8)
0 (0.0)
32 (40.0)
11 (13.8)
6 (7.5)
23 (28.8)

< 0.001
< 0.001
0.130
0.021
< 0.001
< 0.001
0.035
0.215
0.005

1.00

0.75

0.50
Type A
Type B

0.25

Type C

0.00

a

P < 0.05, Type A vs B using Bonferroni’s post hoc test; cP < 0.05 Type A vs C
using Bonferroni’s post hoc test; eP < 0.05 Type B vs C using Bonferroni’s post hoc
test. HBV: Hepatitis B virus; HAV: Hepatitis A virus; AIH: Autoimmune
hepatitis.
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B
1.00

and 62.5% for type A, B and C, respectively, P =
0.33; Figure 1B) were not different among the types.
However, the overall 1-year survival was significantly
higher in type A (85.3%), as compared to types B
(71.7%) and C (58.7%) (P = 0.02; Figure 1A). All
mortality occurred within 30 d in type A, but mortality
continued to occur after 30 d in types B and C.
Transplant-free survival rate at 1-year was also lower
in type C, as compared to types A and B; but the
difference was not statistically significant (52.9%,
51.7% and 34.8% for type A, B and C, respectively, P
= 0.86; Figure 1B).

0.75

0.50

Type B
Type C

0.00
0

Outcome according to the type of organ failure

30

60

90

120 150 180 210 240 270 300 330 360
Follow-up duration (d)

Figure 1 Survival according to newly proposed acute-on-chronic liver
failure types. The short-term overall and transplant-free survival was not
significantly different according to acute-on-chronic liver failure (ACLF) type,
while long-term overall survival was significantly different. A: Overall; B:
Transplant-free survival.

Among 167 patients, 49 patients (29.3%) had extra
hepatic organ failures with or without hepatic/coagu
lation failure, 74 patients (44.3%) had hepatic/
coagulation failure, and 44 patients (26.3%) showed
no organ failure defined by EASL-CLIF. The 30-d and
1-year overall survival rate was 55.9% and 51.6% for
patients with extrahepatic organ failures, 79.6% and
67.4% for hepatic and/or coagulation organ failure,
and 90.0% and 74.5% for patients without organ
failure, respectively (Figure 2A). The 30-d and 1-year
transplant free survival rate was 48.9% and 19.6% for
patients with extrahepatic organ failures, 54.9% and
37.6% for hepatic and/or coagulation organ failure, and
78.7% and 56.7% for patients without organ failure
(Figure 2B).

DISCUSSION
ACLF, by in the simplest term, is “abrupt hepatic
[12]
decompensation in patients with chronic liver disease” .
Moreover, ACLF is usually defined as a condition
wherein patients are at significantly increased risk for
[12]
mortality, with improvement in survival with LT .
There is controversy regarding what constitutes a
chronic liver disease. APASL includes non-cirrhotic
chronic liver disease/cirrhosis, but not decompensated
[3,15]
cirrhosis to define chronic liver disease
whereas
EASL-AASLD includes only cirrhosis, either compen
[4]
sated or decompensated , The newly proposed ACLF
definition includes all spectrum of chronic liver disease
and categorizes them as type A (non-cirrhotic), type B
[12]
(cirrhosis), and type C (decompensated cirrhosis) .
The present study included all stages of chronic liver
disease patients with acute deteriorated liver function,
defined by jaundice (serum bilirubin ≥ 5 mg/dL) and
coagulopathy (PT INR ≥ 1.5). All types of patients
showed comparably high short-term mortality, and
improved survival with LT. The overall survival was

Outcome according to the LT

The 30-d and 1-year overall survival rate was 74.8%
and 56.2% for patients without LT, while it was 95.9%
and 83.5% for patients with LT. The 30-d survival
rate was higher in patients with LT in all ACLF types,
although the difference was statistically significant only
in type C (Type A: 92.3% vs 80.0%, P = 0.37; Type B:
93.7% vs 76.7%, P = 0.14; type C: 100% vs 78.7%,
P = 0.029) and 1-year survival rate (Type A: 92.3% vs
80.0%, P = 0.37; Type B: 80.2% vs 62.4%, P = 0.18;
Type C: 80.0% vs 42.1%, P = 0.007).
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B
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Figure 2 Survival according to the types of organ failure defined by EASL-CLIF. Extrahepatic organ failure showed worst survival, but patients without organ
failure also showed low transplant-free survival. A: Overall; B: Transplant-free survival.

significantly better for patients who received LT, and
the survival benefit by LT was most prominent in type
C (1-year survival rate: 80.0% vs 42.1% for with and
without LT, P = 0.007). Thus, our finding support that
ACLF can be defined for all spectrum of chronic liver
disease (i.e., non-cirrhotic to decompensated cirrhosis).
ACLF, by definition, also implies acute insult that
[3]
leads to acute deterioration of liver function . For
example, superimposed viral hepatitis in chronic liver
disease is a well-known injury to put patients at higher
[16]
risk for acute deterioration of liver function . Bacterial
infection or sepsis is also a major risk factor for adverse
[17,18]
event in cirrhosis patients
. Acute insults that lead
to ACLF can be categorized as hepatotrophic insult
(viral hepatitis, alcohol, drug, autoimmune hepatitis,
Wilson’s disease, etc.) and non-hepatotrophic insults
[3]
(infection, surgery, bleeding, etc.) . Because ACLF is a
[1]
potentially reversible disease , it is very important to
identify acute insults, and have immediate intervention
(e.g., antiviral therapy for hepatitis B, treatment for
infection). Importantly, except for few causes where
specific injury was uncertain, all type A injuries were
hepatotrophic injury (Table 1). In contrast, type C
mostly comprised non-hepatotrophic insults, although
hepatotrophic insults were observed as well. Type B
was in between type A and type C. Organ failure rate
was similar in terms of renal, cerebral, coagulation and
respiratory failure by ACLF type, but hepatic failure
was less frequent and circulatory failure was more
frequent in type C (Table 1). Higher rate of circulatory
failure in decompensated cirrhosis could be explained
[19]
by circulatory dysfunction observed in cirrhosis .
Differences in injury (precipitating insult) and response
(organ failure rates) by ACLF types provide a rationale
to categorize ACLF as type A, B and C, which is also
helpful in searching potential injury and planning
specific intervention in patients with ACLF. It is also
noteworthy that type B and type C were still at risk
for mortality after 30 d, leading to a decreased 1-year
survival compared to type A. This also provides a
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rationale to categorize patients who experienced ACLF,
as different long-term prognosis is expected.
The presence of “one or more extrahepatic organ
failure” was suggested to define ACLF in the newly
[12]
proposed ACLF definition . However, question remains
whether “extrahepatic organ failures” are mandatory
to define ACLF. ACLF, by its simplest meaning, does
not include “extrahepatic organ failures”. The purpose
of including “extrahepatic organ failures” in the ACLF
definition is to define the population at high risk for
mortality. Our data did indeed show extremely poor
short-term survival for patients with extrahepatic
organ failures defined by CLIF-SOFA (55.9% and
48.9% for overall and transplant free 30-d survival),
and good short-term survival for patients without
any organ failures defined by CLIF-SOFA (90.0%
and 78.7% for overall and transplant free 30-d
survival). This is consistent with previous findings
that extrahepatic organ failures are an important
[20]
factor for survival in ACLF . The association between
organ failure and poorer prognosis is supported by
[4,11,21-26]
numerous studies
. However, patients with only
hepatic/coagulation failure also showed high shortterm mortality (79.6% and 54.9% for 30-d overall
and transplant-free survival). Furthermore, mortality
rate exceeding 15% without LT (90.0% and 79.7%
for 30-d overall and transplant-free survival) even for
patients without any organ failures defined by CLIFSOFA. Short-term mortality rate of 15% are used to
[4]
define increased mortality in patients with ACLF . In
this sense, our findings suggest that patients without
extrahepatic organ failures could be defined as ACLF
as well, when they present with acutely deteriorated
liver function, defined by jaundice and coagulopathy. It
is likely that presence of “extrahepatic organ failures”
may reflect severity of ACLF, however, it may not be
a prerequisite for being defined as ACLF. In fact, the
APASL definition does not require “extrahepatic organ
[3]
failures” to define ACLF .
This study had some limitations. First, some of
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the outcome of patients with acute-on-chronic liver disease based on cause of
liver disease and precipitating factors of acute disease.

information on precipitating events could not be
obtained regardless of thorough review of medical
records because of the retrospective study design. We
defined acute deteriorated liver function by jaundice
[15]
and coagulopathy, as suggested by APASL . However,
in the CANONIC study, acute development of large
ascites, hepatic encephalopathy, gastrointestinal
hemorrhage, bacterial infection or any combination
of above, are used to define acute deteriorated liver
[4]
function . Thus, patients who do not fulfill APASL
criteria for liver failure, but present with acute
deteriorated liver function, defined in the CANONIC
study, are beyond the scope of this study. Lastly,
sample size was relatively small, requiring larger scale,
prospective study.
In conclusion, ACLF is a distinct syndrome that
can be defined as acute deteriorated liver function,
precipitated by either direct or indirect injury to the
liver, resulting in high short-term mortality with LT as
a curative option. The study showed that all spectrum
of chronic liver patients with acute deteriorated liver
function defined by jaundice (serum bilirubin ≥ 5 mg/dL)
and coagulopathy (PT INR ≥ 1.5) can be defined
as ACLF. The newly proposed ACLF classification
was clinically relevant because different insults and
response could be expected, which also suggest
different pathophysiology, different management
strategy, and different long-term outcome. This
suggest that classifying ACLF subtype according to
the severity of underlying liver disease is useful for
defining, clarifying and comparing ACLF.
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dysfunction of PS/NBC were estimated using competing
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biliary drainage were also evaluated for association with
the time to jaundice resolution and PS/NBC dysfunction
using competing risk regression analysis.
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Core tip: To determine the optimal method of
endoscopic preoperative biliary drainage for malignant
distal biliary obstruction, we conducted a multicenter
retrospective study in 419 patients who underwent
plastic stent (PS) or nasobiliary catheter (NBC) placement
for resectable malignant distal biliary obstruction
followed by surgery. The dysfunction rate for PS was
significantly higher than that for NBC. Since the current
limitations of nasobiliary catheter may not be overcome
by a plastic stent, further studies may need to focus on
the use of other stents that could remain patent for a
longer period of time.
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Abstract
AIM: To determine the optimal method of endoscopic
preoperative biliary drainage for malignant distal biliary
obstruction.

Sasahira N, Hamada T, Togawa O, Yamamoto R, Iwai T, Tamada
K, Kawaguchi Y, Shimura K, Koike T, Yoshida Y, Sugimori K,
Ryozawa S, Kakimoto T, Nishikawa K, Kitamura K, Imamura
T, Mizuide M, Toda N, Maetani I, Sakai Y, Itoi T, Nagahama M,
Nakai Y, Isayama H. Multicenter study of endoscopic preoperative
biliary drainage for malignant distal biliary obstruction. World J
Gastroenterol 2016; 22(14): 3793-3802 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3793.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3793

METHODS: Multicenter retrospective study was con
ducted in patients who underwent plastic stent (PS)
or nasobiliary catheter (NBC) placement for resectable
malignant distal biliary obstruction followed by surgery
between January 2010 and March 2012. Procedurerelated adverse events, stent/catheter dysfunction
(occlusion or migration of PS/NBC, development
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Definitions

INTRODUCTION

Distal biliary obstruction was defined as biliary
stricture located ≥ 2 cm downstream from the hilar
bifurcation. Performance status was determined using
the World Health Organization classification. Tumor
[12]
invasion to the duodenum
was diagnosed on the
basis of pathological findings of resected specimens.
Dysfunction of PS/NBC was defined as occlusion or
migration of PS/NBC, development of cholangitis, or
suspected insufficient drainage that required repeat
endoscopic biliary intervention. Occlusion or cholangitis
included jaundice or re-elevation of liver enzyme with
or without fever-up, and fever-up without other causes
even if no elevation of liver enzyme. Insufficient
drainage included persistent liver dysfunction or
limited improvement of the elevated liver enzyme
even though it is sometimes difficult to distinguish
from other causes of liver dysfunction. Designed PS
replacement was defined as NBC replacement with
PS in patients without NBC dysfunction. Diagnostic reendoscopic retrograde cholangiopancreatography (reERCP) was defined as further endoscopic examination
(e.g., confirmation of pathological diagnosis and reevaluation of biliary system) that was required without
PS/NBC dysfunction. The jaundice was defined as 3.0
mg/dL by using the application with modifications of
Child-Pugh classification for cirrhotic patients, which
was clinically used as one of the indications for surgery.
Jaundice resolution was defined as reduction of serum
total bilirubin from a pre-drainage level of ≥ 3.0 mg/dL
to < 3.0 mg/dL. The time to jaundice resolution and
dysfunction of PS/NBC was defined as the interval
between the initial EBD and each outcome. Procedurerelated adverse events were diagnosed and graded
according to the American Society of Gastrointestinal
[13]
Endoscopy lexicon’s severity grading system .

Surgical resection is the only treatment option for
cure in patients with periampullary cancers, including
pancreatic and biliary tract cancers. In such patients,
obstructive jaundice is often complicated. The efficacy
of preoperative biliary drainage on improving periand postoperative outcomes for jaundice due to
[1-6]
periampullary cancers is controversial ; however,
biliary drainage is widely incorporated into clinical
practice in many centers as a procedure following
diagnostic cholangiography combined with pathological
confirmation of malignancy or for the prevention of
jaundice progression when the waiting time to a major
[7,8]
surgery is prolonged, especially in tertiary centers .
Endoscopic biliary drainage (EBD) is preferred over
percutaneous transhepatic biliary drainage (PTBD)
for preoperative management of malignant distal
biliary obstruction, because PTBD is more invasive,
[9,10]
imposed considerable patient discomfort
, and more
importantly, is frequently susceptible to catheter tract
[11]
recurrence after surgery . Although EBD is usually
performed via plastic stent (PS) or nasobiliary catheter
(NBC), NBC is unacceptable, especially in western
countries, because of patient intolerance. However,
NBC is considered advantageous in preventing reflux
cholangitis and for early resolution of jaundice and is
often employed in Japan.
In this multicenter retrospective study entitled
endoscopic preoperative biliary drainage (E-POD)
study, we evaluated the outcomes of preoperative EBD
using both PS and NBC and analyzed the risk factors
for PS/NBC dysfunction.

MATERIALS AND METHODS
Patients

Statistical analysis

In this study, data from 33 referral centers in Japan
were consecutively collected. Patients who were
diagnosed with distal biliary obstruction due to
periampullary cancer and who underwent EBD via PS
or NBC followed by surgical resection with curative
intent between January 2010 and March 2012 were
included. Patients who underwent initial drainage by
PTBD or underwent surgery more than 100 d after
initial EBD were excluded. This study was approved
by the ethics committee at each hospital and was
registered with UMIN-CTR (clinical trial registration
number: UMIN000008492).

Results are expressed as numbers and percentages of
patients or as medians and interquartile ranges (IQRs).
Continuous variables were compared using Student’s t-test
or Wilcoxon’s rank-sum test, as appropriate. Categorical
2
variables were compared using the χ or Fisher exact
test, as appropriate. Cumulative incidence of jaundice
resolution and dysfunction of PS/NBC were estimated
[14]
using competing risk analysis
and were compared
[15]
using the Gray’s test . During the analysis of the
cumulative incidence of jaundice resolution, surgery prior
to jaundice resolution was considered as a competing
risk event. On the other hand, during the analysis of the
cumulative incidence of PS/NBC dysfunction, surgery
without PS/NBC dysfunction, PS/NBC removal at the
time of diagnostic re-ERCP, or designed PS replacement
was considered as a competing risk event. Patient
characteristics and preoperative biliary drainage were
evaluated for association with the time to jaundice
resolution and PS/NBC dysfunction using competing

Data collection

Data on baseline patient characteristics, procedures of
EBD, procedure-related adverse events, outcomes of
PS/NBC, types of surgery, and survival were collected
retrospectively. All data were made anonymous
and were collected from a collaborative web-based
database.
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Table 1 Characteristics of 419 patients who underwent endoscopic preoperative biliary drainage via plastic stent and nasobiliary
catheter n (%)

Sex, male
Age (yr)
Performance status, 0/1/2
Primary cancer, pancreas/biliary tract/ampullary
Primary tumor size (mm)
Length of biliary stricture (mm)
Diameter of proximal bile duct (mm)
Involvement of intrapancreatic bile duct
Tumor invasion into duodenum
Cholangitis on admission
Total bilirubin (mg/dL)

All patients (n = 419)

PS (n = 253)

NBC (n = 166)

P value

269 (64)
69 (63-75)
331/81/7 (79/19/2)
194/175/50 (46/42/12)
20 (15-30)
16 (11-22)
15 (12-18)
354 (84)
213 (51)1
64 (15)
7.8 (3.3-13.2)

163 (64)
69 (62-75)
201/50/2 (79/20/1)
133/91/29 (53/36/11)
20 (14-28)
15 (11-22)
15 (12-18)
221 (87)
132 (53)
34 (13)
7.5 (3.3-12.6)

106 (64)
70 (63-76)
130/31/5 (78/19/3)
61/84/21 (37/51/13)
22 (18-30)
17 (12-23)
14 (11-17)
133 (80)
81 (51)
30 (18)
8.6 (3.4-13.5)

0.905
0.274
0.781
0.003
0.008
0.154
0.050
0.048
0.823
0.200
0.536

1

Data were not obtained in nine patients. Data are expressed as numbers (%) or median (interquartile range). PS: plastic stent; NBC: nasobiliary catheter.

[16]

355 patients (38%) without acute cholangitis. The
procedure for initial EBD is shown in Table 2 (Those in
patients with pancreatic and biliary tract cancer was
shown separately in Supplementary table 2a and b).
The diameters of PSs were 5 Fr in 18 patients (7%),
7 Fr in 150 (59%), and 8.5 Fr or 10 Fr in 85 (34%),
whereas those of NBCs were 5 Fr or 6 Fr in 80 patients
(48%), 7 Fr in 80 (48%), and 7.5 Fr in 6 (4%). An
NBC with a diameter larger than ≥ 8.5 Fr was not
commercially available; thus, the mean diameter of
NBCs were significantly smaller than that of PSs (P <
0.001). Approximately two-thirds of PSs were straight
tipped, whereas almost the same proportion of
NBCs was pig-tail tipped. Endoscopic sphincterotomy
(39%) or endoscopic papillary balloon dilation (3%)
was performed before placement of PS/NBC. During
the initial EBD procedure, biliary biopsy or brushing
cytology examination was performed in 362 patients
(86.4%), and 250 of them (69.1%) were found
to be positive for cancer. There were no significant
differences in the initial EBD procedures between
pancreatic cancer and biliary tract cancer.
PEP was noted in 40 patients (9.5%). The PEP
rate was higher in patients with bile duct cancer than
in those with pancreatic or ampullary cancer (12.0%
vs 7.8%, P = 0.15), but it was not related to PS/NBC
(10.3% vs 8.4%, P = 0.53), the PS/NBC diameter
(9.7% in < 7.5 Fr vs 9.4% in > 7.5 Fr, P = 0.91), and
necessity for sphincterotomy (7.3% vs 11.3%, P =
0.17).

risk regression analysis . Factors with a P-value of <
0.20 in the univariate analysis were further analyzed in
multivariate models. Subdistribution hazard ratios (SHRs)
and 95%CIs were calculated for each factor. A P-value
of < 0.05 was considered statistically significant. All
analyses were performed using R software version 2.12.0
(R Development Core Team) and its cmprsk package.

RESULTS
Patients

In total, 425 consecutive patients who underwent
preoperative EBD for resectable periampullary cancers
were identified. Six patients with placement of metal
stent in this setting were excluded from the analyses.
The characteristics of 419 patients are summarized in
Table 1 (Those in patients with pancreatic and biliary
tract cancer were shown separately in Supplementary
table 1a and b). Primary cancers included pancreatic
cancer in 194 patients (46%), bile duct cancer in
172 (41%), gallbladder cancer in three (1%), and
ampullary cancer in 50 (12%). Eighty-four patients
(20%) had diabetes, three (1%) had liver cirrhosis,
and three (1%) had dementia. Sixty-four patients
(15%) had acute cholangitis at the initial drainage.
The median serum total bilirubin was 7.8 mg/dL and
324 patients (77%) had ≥ 3.0 mg/dL. Two patients
underwent neoadjuvant chemotherapy. The following
surgeries were performed: pancreatoduodenectomy in
166 patients (39.6%), pylorus-preserving pancreato
duodenectomy in 142 (33.9%), subtotal stomachpreserving pancreatoduodenectomy in 90 (21.5%),
choledochectomy in 10 (2.4%), total pancreatectomy
in four (1.0%), and other surgeries in seven (1.7%).
Cancer invasion of the duodenum was confirmed in the
resected specimens obtained from 213 patients (51%).

Outcomes of preoperative biliary drainage via PS and
NBC

The median time to surgery was 29 d (IQR, 30-39
d). Figure 1 demonstrates the clinical course of the
patients after the initial drainage. In the PS group,
111 of 253 patients (44%) underwent additional ERCP
(23 for diagnostic re-ERCP and 88 for PS dysfunction)
and NBC was replaced in 32 of them. In the NBC
group, 94 of 166 patients (57%) underwent designed
PS replacement after a median of 8.4 d (IQR, 6-10
d). There were 41 patients (25%) who underwent

Procedures and procedure-related adverse events after
initial EBD

PS and NBC were placed in 253 (60%) and 166 (40%)
patients, respectively. NBC was placed in 30 of 64
patients (47%) with acute cholangitis and in 136 of

WJG|www.wjgnet.com

3796

April 14, 2016|Volume 22|Issue 14|

Sasahira N et al . Endoscopic preoperative biliary drainage
Table 2 Procedures, adverse events, and causes of dysfunction in patients who underwent preoperative plastic stent and nasobiliary
catheter placement n (%)

Procedures of the initial ERCP
EST or EPBD
Biopsy or brushing of the bile duct
Positive for cancer
Biliary stents/catheters placed
Diameter 5-6/7-7.5/8.5-10 Fr
Pig-tailed tip/straight tip
Placement of pancreatic stent
Adverse events (other than cholangitis)
Pancreatitis
Mild/moderate/severe
Cholecystitis
Others
Stent/catheter dysfunction
Causes of PS/NBC dysfunction
Occlusion or cholangitis
Insufficient drainage
Migration
Inadvertent removal
Number of ERCPs

All patients (n = 419)

PS (n = 253)

NBC (n = 166)

P value

178 (43)
362 (86)
250 (60)

101 (40)
214 (85)
150 (59)

77 (46)
148 (89)
100 (60)

98/236/85 (23/56/20)
152/2241
41 (10)

18/150/85 (7/59/34)
74/177 (29/71)
25 (10)

80/86/0 (48/52/0)
78/47 (62/38)
16 (10)

40 (10)
30/10/0
4 (1)
4 (1)
118 (36)

26 (10)

14 (8)

0.612

2 (1)
2 (1)
88 (35)

2 (1)
2 (1)
30 (18)

0.650
0.650
< 0.001

85
19
10
4
2 (1-2)

69 (27)
14 (6)
5 (2)
NA
1 (1-1)

16 (10)
5 (3)
5 (3)
4 (2)
2 (1-2)

0.013
0.330
0.526
NA
< 0.0001

0.202
0.234

< 0.001
< 0.001
0.935

1

Data was not obtained in 43 patients. A part of data on tips of PS/NBC was missing. “Occlusion or cholangitis” included jaundice or re-elevation of liver
enzyme with or without fever-up, and fever-up without other causes even if no elevation of liver enzyme; “Insufficient drainage” included persistent liver
dysfunction or limited improvement of the elevated liver enzyme, which is sometimes difficult to distinguish from other causes of liver dysfunction. PS:
plastic stent; NBC: nasobiliary catheter; ERCP: endoscopic retrograde cholangiopancreatography; EST: endoscopic sphincterotomy; EPBD: endoscopic
papillary balloon dilation; NA: not applicable.

419 patients underwent endoscopic
preoperative biliary drainage

PS
(n = 253)

NBC
(n = 166)
Surgery
(n = 50)

Surgery
(n = 142)

Designed PS placement
(n = 94)
Surgery
(n = 75)

Diagnostic re-ERCP
(n = 23)

PS dysfunction
(n = 88)

PS
(n = 79)

NBC
(n = 32)

Diagnostic re-ERCP
(n = 8)

PS
(n = 9)

NBC dysfunction
(n = 14)

NBC
(n = 13)

Diagnostic re-ERCP
(n = 3)

PS
(n = 11)

PS dysfunction
(n = 16)

NBC
(n = 8)

Figure 1 Flowchart of the clinical course of 419 patients who underwent preoperative biliary drainage via plastic stent and nasobiliary catheter followed
by surgery. PS: plastic stent; NBC: nasobiliary catheter.

Risk factors for PS/NBC dysfunction

additional ERCP (11 for diagnostic re-ERCP, 14 for
initial NBC dysfunction, and 16 for designed PS
dysfunction).
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Table 3 Univariate and multivariate competing risks regression analyses to identify risk factors for dysfunction of plastic stent or
nasobiliary catheter in 419 patients who underwent endoscopic preoperative biliary drainage
Univariate analysis
Sex, male
Age > 70 yr
Performance status ≥ 1
Primary cancer
Biliary tract
Pancreas
Ampullary
Primary tumor size > 20 mm
Length of biliary stricture > 20 mm
Diameter of proximal bile duct > 15 mm
Tumor invasion into duodenum
Cholangitis on admission
Total bilirubin ≥ 8 mg/dL
Placement of PS
Diameter of biliary stent/catheter
5-6 Fr
7-7.5 Fr
8.5-10 Fr
Pig-tailed tip

Multivariate analysis

SHR (95%CI)

P value

SHR (95%CI)

P value

0.96 (0.64-1.44)
1.06 (0.72-1.56)
0.67 (0.39-1.14)

0.839
0.773
0.139

0.70 (0.39-1.24)

0.221

Reference
1.61 (1.06-2.44)
0.89 (0.43-1.84)
0.90 (0.61-1.33)
1.04 (0.71-1.53)
0.94 (0.64-1.38)
1.10 (0.75-1.63)
0.77 (0.44-1.37)
1.16 (0.79-1.71)
4.76 (2.63-8.33)

0.025
0.758
0.603
0.854
0.755
0.621
0.378
0.447
< 0.001

Reference
1.30 (0.84-2.03)
0.81 (0.40-1.65)

0.240
0.568

4.76 (2.44-10.0)

< 0.001

Reference
1.92 (1.07-3.43)
2.44 (1.28-4.66)
1.05 (0.71-1.57)

0.029
0.007
0.796

Reference
0.95 (0.50-1.83)
0.93 (0.44-1.99)

0.885
0.850

Cumulative incidence of PS/NBC dysfunction (%)

PS: plastic stent; NBC: nasobiliary catheter; SHR: subdistribution hazard ratio.

60

324 patients (84.9%). The other 49 patients (15.1%)
underwent surgery without resolution of jaundice
after a median of 21 d (IQR, 14-31 d) from the initial
EBD. The prognostic factors for jaundice resolution
are shown in Table 5. Placement of PS or NBC did not
result in earlier resolution of jaundice, and only a high
total bilirubin level (SHR = 0.43, 95%CI: 0.32-0.58, P
< 0.001) was identified as the significant risk factor for
jaundice resolution.

PS (n = 253)
NBC (n = 166)

40

20

DISCUSSION
0

0

10

Number at risk
PS
253
NBC 166

205
74

20
t /d
137
30

30

40

74
5

33
0

In this multicenter retrospective study of 419 patients
who underwent preoperative EBD for malignant distal
biliary obstruction, PS placement was a risk factor for
PS/NBC dysfunction, whereas NBC placement was
not, and the cumulative incidence of PS dysfunction
increased almost linearly with time after the initial
drainage.
Preoperative biliary drainage in patients with
distal biliary obstruction has been a major matter of
debate for decades. Although randomized controlled
trials and meta-analyses failed to demonstrate the
effectiveness of routine preoperative biliary drainage,
this procedure is still performed widely, particularly in
symptomatic patients with an expected long waiting
time who have complication such as cholangitis or
intense pruritus or because of some other reasons. In
the 33 hospitals that participated in the present study,
most patients with jaundice underwent preoperative
biliary drainage because a major surgery that lasts
for 5-10 h cannot always be scheduled immediately
[17]
after a diagnosis of cancer
and such drainage also
allows time for further staging of primary cancer,
physical work-up of comorbidities, and potentially, for

Figure 2 Cumulative incidences of plastic stent/nasobiliary catheter
dysfunction. PS: plastic stent; NBC: nasobiliary catheter.

placement (SHR = 4.76, 95%CI: 2.44-10.0, P < 0.001)
(Table 3). Figure 2 illustrates the cumulative incidences
of PS/NBC dysfunction. The cumulative incidences of
PS vs NBC was 13% vs 5% at 10 d, 22% vs 7% at 20 d,
and 30% vs 8% at 30 d.
Table 4 shows the results of the analyses for
identifying risk factors for PS dysfunction. Only the
pig-tailed tip stent was an independent risk factor for
PS dysfunction (SHR = 1.72, 95%CI: 1.13-2.64, P =
0.012); a larger diameter of PS did not decrease the
risk for PS dysfunction.

Jaundice resolution after preoperative biliary drainage

Jaundice was resolved at the time of surgery in 275 of
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Table 4 Univariate and multivariate competing risk regression analyses to identify risk factors for plastic stent dysfunction in 253
patients who underwent endoscopic preoperative plastic stent placement
Univariate analysis
Sex, male
Age > 70 yr
Performance status ≥ 1
Primary cancer
Biliary tract
Pancreas
Ampullary
Primary tumor size > 20 mm
Length of biliary stricture > 20 mm
Diameter of proximal bile duct > 15 mm
Tumor invasion into duodenum
Cholangitis on admission
Total bilirubin ≥ 8 mg/dL
Diameter of biliary stent/catheter
5-6 Fr
7-7.5 Fr
8.5-10 Fr
Pig-tailed tip

Multivariate analysis

SHR (95%CI)

P value

SHR (95%CI)

1.00 (0.65-1.55)
1.15 (0.76-1.74)
0.84 (0.49-1.45)

0.993
0.509
0.534

P value

Reference
1.27 (0.81-1.99)
0.83 (0.39-1.79)
1.10 (0.72-1.69)
1.01 (0.66-1.54)
0.85 (0.56-1.28)
1.10 (0.72-1.67)
0.79 (0.41-1.52)
1.32 (0.87-2.00)

0.303
0.637
0.657
0.957
0.432
0.659
0.479
0.192

1.43 (0.94-2.18)

0.096

Reference
0.76 (0.37-1.56)
0.67 (0.31-1.46)
1.73 (1.14-2.63)

0.446
0.314
0.010

1.72 (1.13-2.64)

0.012

PS: plastic stent; SHR: subdistribution hazard ratio.

Table 5 Univariate and multivariate competing risks regression analyses to identify prognostic factors for jaundice resolution after
endoscopic preoperative biliary drainage in 325 patients
Univariate analysis
Sex, male
Age ≥ 69 yr
Performance status ≥ 1
Primary cancer
Biliary tract
Pancreas
Ampullary
Primary tumor size > 20 mm
Length of biliary stricture > 20 mm
Diameter of proximal bile duct > 15 mm
Tumor invasion to duodenum
Cholangitis on admission
Total bilirubin ≥ 8 mg/dL
EST or EPBD
Diameter of biliary stent/catheter
5-6 Fr
7-7.5 Fr
8.5-10 Fr
Pig-tailed tip
Placement of NBC

Multivariate analysis

SHR (95%CI)

P value

0.90 (0.71-1.14)
1.01 (0.80-1.27)
1.00 (0.73-1.39)

0.387
0.932
0.979

Reference
1.07 (0.84-1.36)
1.19 (0.80-1.77)
0.81 (0.63-1.04)
0.80 (0.63-1.01)
0.78 (0.62-0.98)
0.96 (0.76-1.21)
1.11 (0.80-1.54)
0.41 (0.31-0.55)
1.02 (0.81-1.28)

0.602
0.389
0.094
0.059
0.033
0.721
0.528
< 0.001
0.897

Reference
0.96 (0.73-1.25)
0.97 (0.70-1.34)
1.05 (0.83-1.34)
0.83 (0.66-1.06)

0.738
0.859
0.681
0.129

SHR (95%CI)

P value

0.91 (0.69-1.20)
0.82 (0.63-1.06)
0.81 (0.63-1.05)

0.524
0.134
0.107

0.43 (0.32-0.58)

< 0.001

0.92 (0.71-1.19)

0.520

In these competing risks regression analyses, jaundice resolution was set as the outcome and thus, a higher SHR indicated a higher probability of early
resolution of jaundice. SHR: subdistribution hazard ratio; CI: confidence interval; EST: endoscopic sphincterotomy; EPBD: endoscopic papillary balloon
dilation; NBC: nasobiliary catheter.

neoadjuvant chemotherapy, which is increasingly utilized
for pancreatic cancer.
EBD is preferred over PTBD for preoperative drainage
because it is less invasive and insusceptible to tumor
seeding. During EBD, PSs are preferred over NBCs with
regard to comfort, but the rate of PS dysfunction before
[18-20]
surgery is reported to be as high as 34%-70%
.
[20]
Although Sugiyama et al
demonstrated that the
time to dysfunction of PS and NBC did not differ
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significantly in a retrospective study of 76 patients,
the rate of PS dysfunction was significantly higher
than that of NBC dysfunction in the present study. In
the PS group, a pig-tailed PS was the only risk factor
for stent dysfunction and PS with a larger diameter
failed to prolong the time to stent dysfunction. Interes
tingly, although the cumulative incidences of PS/NBC
dysfunction were quite similar within a week of the
initial biliary drainage, the cumulative incidence of PS
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dysfunction linearly increased thereafter, whereas that
of NBC dysfunction almost plateaued. At 30 d after
the initial EBD, which was almost the median time
to surgery in the present cohort, the cumulative inci
dence of dysfunction reached as high as 30% in the PS
group, whereas that in the NBC group remained at 8%.
In this study, the PS dysfunction rate and median time
to dysfunction of 14 d were similar to those reported in
[4]
a prospective study by van der Gaag et al (30% and
13 d, respectively).
NBC has other advantages such as repetitions of
[21]
bile cytology to confirm malignancy
and contrast
medium injection for cholangiography to evaluate
longitudinal tumor spreading, especially in patients
with bile duct cancer. However, there are several
obvious disadvantages. For example, external bile
drainage by NBC may impair enterohepatic circulation
of bile, potentially leading to deterioration of intestinal
immunity and coagulopathy, and prolonged placement
of NBC may impose discomfort in the pharynx. NBC
followed by the replacement of PS is another option for
preoperative drainage, although it requires additional
ERCP.
Longer patency of self-expandable metal stent
(SEMS) compared with PS has been well-established in
[22,23]
unresectable distal biliary obstruction
and recently,
SEMS in the preoperative setting has been reported to
be effective because of its longer patency and lower
[24-27]
dysfunction rate (< 20%)
. Therefore, despite
some potential disadvantages of SEMS, including
[28]
[29]
cholecystitis , pancreatitis , and cost, SEMS is a
promising device for preoperative biliary drainage
and deserves further investigation. Considering that
the ultimate endpoint of endoscopic preoperative
biliary drainage for malignant distal biliary obstruction
is overall survival rather than outcomes, the most
appropriate method should be determined by a
randomized controlled trial that compares PS, NBC,
and SEMS, with the survival time set as the primary
endpoint.
We acknowledge some limitations of this study.
First, it was based on a non-randomized retrospective
design and did not evaluate surgical outcomes.
A randomized controlled trial is required to draw
a definite conclusion of the optimal endoscopic
preoperative biliary drainage procedure for malignant
distal biliary obstruction, surgical outcomes (R0
resection rate, rate of surgical adverse events, and
ultimately, overall survival), length of hospitalization,
and cost-effectiveness. Second, we included only
patients who underwent EBD and subsequent sur
gery; some patients in whom surgery could not be
performed because of unsuccessful biliary drainage
may have been excluded. Third, various types of PSs
and NBCs were used in the present study.
In conclusion, PS was associated with a higher
rate of cholangitis or occlusion compared with NBC.
Because internal bile drainage is not susceptible to
inherent disadvantages of external bile drainage,
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internal bile drainage via SEMS should be evaluated in
a preoperative setting.
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Background

Although the efficacy of preoperative biliary drainage on improving periand postoperative outcomes for jaundice due to periampullary cancers is
controversial, biliary drainage is widely incorporated into clinical practice in
many centers as a procedure following diagnostic cholangiography combined
with pathological confirmation of malignancy or for the prevention of jaundice
progression when the waiting time to a major surgery is prolonged, especially
in tertiary centers. Endoscopic biliary drainage is usually performed via plastic
stent (PS) or nasobiliary catheter (NBC). NBC is unacceptable, especially in
western countries, because of patient intolerance. However, NBC is considered
advantageous in preventing reflux cholangitis and for early resolution of
jaundice and is often employed in Japan.

Research frontiers

The results of this study contribute to clarifying the outcomes of preoperative
EBD using both PS and NBC and the risk factors for PS/NBC dysfunction in the
largest cohort.

Innovations and breakthroughs

At 30 d after the initial EBD, which was almost the median time to surgery in
the present cohort, the cumulative incidence of dysfunction reached as high as
30% in the PS group, whereas that in the NBC group remained at 8%. The PS
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dysfunction rate and median time to dysfunction of 14 d were similar to those
reported in a prospective randomized study by van der Gaag et al (30% and 13
d, respectively).

10

Applications

As the NBC has an obvious disadvantages of imposing discomfort in the
pharynx, NBC followed by the replacement of PS is one of the options for
preoperative drainage, although it requires additional ERCP. Preoperative
placement of self-expandable metal stent should be investigated instead of
plastic stent.

11

Terminology

12

Endoscopic naso-biliary drainage: Naso-biliary drainage has some advantages
such as repetitions of bile cytology to confirm malignancy and contrast medium
injection for cholangiography to evaluate longitudinal tumor spreading,
especially in patients with bile duct cancer. However, it has several obvious
disadvantages; external bile drainage by NBC may impair enterohepatic
circulation of bile, potentially leading to deterioration of intestinal immunity and
coagulopathy, and prolonged placement of NBC may impose discomfort in the
pharynx.

13

Peer-review

Authors studied superiority between PS and NBC for preoperative drainage in
a retrospective setting. This attempt is clinically valuable and the study is wellorganized. Their results and conclusions are simple and reasonable.
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Abstract
AIM: To investigate the impact of high-dose hepatitis
B immunoglobulin (HBIG) on hepatocellular carcinoma
(HCC) and hepatitis B virus (HBV) recurrence and
overall survival after living donor liver transplantation
(LDLT).

Informed consent statement: We obtained a waiver of
informed consent with the Institutional Review Board of our
center.
Conflict-of-interest statement: No conflicts of interest were
declared for all authors.

METHODS: We investigated 168 patients who under
went LDLT due to HCC, and who were HBV-DNA/
hepatitis B e antigen (HBeAg) -positive, from January
2008 to December 2013. After assessing whether the
patients met the Milan criteria, they were assigned to
the low-dose HBIG group and high-dose HBIG group.
Using the propensity score 1:1 matching method,
38 and 18 pairs were defined as adhering to and
not adhering to the Milan criteria. For each pair, HCC
recurrence, HBV recurrence and overall survival were
analyzed by the Kaplan-Meier method and the log rank
test according to the HBIG dose.

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at kshlj@
ncc.re.kr. 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: Among those who met the Milan criteria,
the 6-mo, 1-year, and 3-year HCC recurrence-free
survival rates were 88.9%, 83.2%, and 83.2% in the
low-dose HBIG group and 97.2%, 97.2%, and 97.2%
in the high-dose HBIG group, respectively (P = 0.042).
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In contrast, among those who did not meet the Milan
criteria, HCC recurrence did not differ according to the
HBIG dose (P = 0.937). Moreover, HBV recurrence and
overall survival did not differ according to the HBIG
dose among those who met (P = 0.317 and 0.190,
respectively) and did not meet (P = 0.350 and 0.987,
respectively) the Milan criteria.

recurrence rate after orthotopic liver transplantation
(OLT) reportedly ranges from 15% to 20%, whereas
the survival rate among patients with recurrent HCC is
[3-5]
reportedly 22% within 5 years .
The results of liver transplantation have markedly
improved as a result of the rapid evolution of hepatitis
B treatment strategies over the past decades. In 1991,
[6]
Samuel et al reported a HBV recurrence prevention
rate of approximately 80% with hepatitis B immune
globulin (HBIG) after liver transplantation. Since
then, HBIG has become an important component of
the prevention strategy for HBV. Despite the use of
nucleos(t)ide analogues (NAs) such as lamivudine that
have a superior efficacy, an increase in the hepatitis B
recurrence rate was observed due to the emergence
[7]
of HBV-DNA mutants in the long-term follow-up .
Subsequently, combination prophylaxis with HBIG and
NAs became the standard method for HBV after OLT.
[8,9]
It is well known that HBV induces HCC . Some
researchers have indicated that the viral replication
[10,11]
status is a predictor of relapse after HCC surgery
.
However, the relationship between the HBIG dose
and HCC recurrence or overall survival rate after OLT
has not yet been established. In the present study,
we aimed to determine the effect of high-dose HBIG
therapy on HCC recurrence, HBV recurrence, and
overall survival in HBV-DNA/hepatitis B e antigen
(HBeAg)-positive patients after living donor liver
transplantation (LDLT).

CONCLUSION: High-dose HBIG therapy can reduce
HCC recurrence in HBV-DNA/HBeAg-positive patients
after LDLT.
Key words: Hepatitis B immune globulin; Hepatocellular
carcinoma; Hepatitis B virus-DNA; Liver transplantation;
Hepatitis B e antigen
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a single center analysis of the effects
of high-dose hepatitis B immunoglobulin (HBIG)
therapy on the recurrence of hepatocellular carcinoma
and hepatitis B in hepatitis B virus (HBV)-DNA/hepatitis
B e antigen (HBeAg)-positive patients after LDLT.
High-dose HBIG therapy can be helpful in improving
hepatocellular carcinoma recurrence-free survival in
HBV-DNA/HBeAg-positive recipients who met the Milan
criteria. In contrast, high-dose HBIG therapy was not
effective in improving HCC recurrence-free survival in
HBV-DNA/HBeAg-positive recipients who did not meet
the Milan criteria. Recurrence of hepatitis B and overall
survival were not affected by the HBIG dose in HBVDNA/HBeAg-positive recipients regardless of the Milan
status.

MATERIALS AND METHODS
Patients

From January 2008 to December 2013, 168 patients
with HCC who were HBV-DNA/HBeAg-positive
underwent LDLT at the National Cancer Center in
the Republic of Korea. Those who have extrahepatic
metastasis or obvious cases of major vascular
incidents, such as portal vein or hepatic veins, have
been excluded from the research. Patients with any
other types of cancers in addition to HCC, severe
cardiopulmonary comorbidity, active drug or alcohol
abuse or active septic infections have also been
excluded. The clinicopathologic variables of such
patients, including age, sex, Child-Pugh score, alphafetoprotein (AFP) level, tumor number, largest tumor
size, Edmondson-Steiner grade, major vessel (major
branch of the hepatic vein/portal vein) invasion,
microvascular invasion, bile duct invasion, and satellite
nodule were analyzed. This study was approved by our
Institutional Review Board.

Lee EC, Kim SH, Lee SD, Park H, Lee SA, Park SJ. High-dose
hepatitis B immunoglobulin therapy in hepatocellular carcinoma
with hepatitis B virus-DNA/hepatitis B e antigen-positive patients
after living donor liver transplantation. World J Gastroenterol
2016; 22(14): 3803-3812 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i14/3803.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i14.3803

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancer. Approximately 700000
people are annually diagnosed with HCC worldwide.
This condition usually develops in patients with
cirrhosis, and is common in areas with a high
prevalence of infection with hepatitis B virus (HBV)
[1]
and hepatitis C virus, such as Africa and East Asia .
In South Korea, HCC is the fifth most common cancer,
and the HBV is its most important risk factor for
HCC, accounting for approximately 70% of all HCC
[2]
cases . Despite the available therapeutic treatment
of HCC, such as liver transplantation and resection,
tumor recurrence remains problematic. The HCC

WJG|www.wjgnet.com

HBV prophylaxis

Prior to May 2011, HBIG was administered to patients
with HCC who were HBV-DNA/HBeAg-positive before
OLT, as follows: 10000 IU of HBIG (Green Cross Corp.,
Seoul, South Korea) was administered daily for the first
week, after which it was administrated weekly for 1
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mo. Thereafter, 10000 IU/L of HBIG was administered
according to the serum hepatitis B surface antibody
(anti-HBs) titer to maintain a titer of greater than 500
IU/L during the first year, and greater than 200 IU/L
thereafter.
After May 2011, 20000 IU of HBIG was admini
stered daily for the first week, after which it was admini
stered weekly for the rest of the month. Thereafter,
20000 IU of HBIG was administered monthly for 1
year, followed by administrations at varying doses to
maintain a serum anti-HBs titer of > 200 IU/L.
For patients who were taking an anti-viral agent
before OLT, the same drug was administered. In other
cases, entecavir (ETV) was administered following
LDLT.

computed tomography (CT), were also conducted every
3 or 6 mo. If HCC recurrence was suspected based
on the results of these imaging tests, additional liver
magnetic resonance imaging and positron-emissiontomographic-(PET)-CT imaging were performed. In
case it was difficult to diagnose HCC recurrence through
imaging tests, a biopsy was performed for confirmation.
The maximum follow-up period was 5 years, and
the censored data were observed until April 2015. In
HCC patients who met the Milan criteria, the median
follow-up periods of the low- and high-dose groups
were 55.5 mo (range, 0.6-60 mo) and 29.0 mo (range,
1.9-47.2 mo), respectively. In the HCC patients who
did not meet the Milan criteria, the median follow-up
periods of the low- and high-dose groups were 18.4
mo (range, 1.5-60 mo) and 11.4 mo (range, 1.7-41.2
mo), respectively.

Immunosuppression

For induction therapy, 20 mg of basiliximab was admini
stered on the operation day and on postoperative
day 4. The immunosuppressive regimens consisted
of a combination of tacrolimus, mycophenolate
mofetil and corticosteroids after high-dose steroid
administration during the operation. The initial target
levels of tacrolimus ranged from 8 to 12 ng/mL, and
mycophenolate mofetil was started with a dose of 1.5
g/d. The corticosteroid doses were reduced until they
were discontinued over 6 mo after LDLT.

Statistical analysis

The baseline clinicopathologic variables were analyzed
2
using the χ test or Fisher's exact test for the
categorical variables, and the Student's t-test or MannWhitney U test for the continuous variables, depending
on the normality of the distribution. The patients were
randomly matched into 1:1 pairs using calipers of
width equal to 0.1 of the standard deviation of the
logit of the propensity score, without replacement.
The following served as contributors to the propensity
score: age, sex, Child-Pugh score, AFP level, tumor
number, largest tumor size, Edmondson-Steiner grade,
major vessel (major branch of the hepatic vein/portal
vein) invasion, microvascular invasion, bile duct
[17-21]
invasion, and satellite nodule
.
Overall, 38 and 18 pairs were identified as adhering
to the Milan criteria and not adhering to these criteria,
respectively. The pairs were compared using the
McNemar test for the binominal categorical variables,
and the paired t-test or Wilcoxon signed rank test for
the continuous variables, depending on the normality
of the distribution.
HCC recurrence and overall survival were analyzed
in accordance with the HBIG dose using the KaplanMeier method, and the survival curves were compared
using the log-rank test. A P value of less than 0.05 was
considered statistically significant. All calculations were
made using the SPSS 22.0 statistical software package
and R 2.15.2 (IBM, Inc., Chicago, IL). The statistical
methods of this study were reviewed by the Biometric
Research Branch, Research Institute and Hospital,
National Cancer Center, Republic of Korea.

Surveillance for HCC recurrence, HBV recurrence, and
overall survival

In each patient, post-transplantation follow-up was
initially performed weekly after hospital discharge, and
was then conducted bi-weekly or monthly, as clinically
indicated. Biochemical tests were performed for
assessing liver function, AFP levels, HBsAg levels, and
anti-HBs titers at each visit. The serum HBV-DNA titer
was also monitored regularly in all the patients for 1
year after LDLT. Thereafter, the patients were followed
up for recurrence approximately every 2 or 3 mo for 1
year, and every 6 mo for the next 3 years.
The definition of HBV recurrence was detectable
HBsAg or HBV-DNA. HBsAg and HBeAg were measured
via chemiluminescent microparticle immunoassay. The
quantitative measurement of HBV-DNA was performed
as follows. From January to April 2008, the serum
HBV-DNA titers were monitored using the antibody
capture solution hybridization HBV-DNA quantitative
assay (Digene Hybrid Capture II Assay; Digene Corp.,
Beltsville, Md., United States), which had a lower
[12]
detection limit of 100000 copies/mL . Between May
2008 and April 2011, the COBAS AMPLICOR HBV
MONITOR test (Roche Molecular Systems, Pleasanton,
Calif., United States) was used, which had a lower
[12]
detection limit of 2000 copies/mL . After May 2011,
the Abbott RealTime assays (Abbott Laboratories,
Des Plaines, IL, United States) was used, which had a
[13-16]
lower quantification limit of 70 copies/mL
.
And imaging studies, including abdomen and chest
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RESULTS
Baseline characteristics

A total of 168 patients with HCC who were HBV-DNA/
HBeAg-positive underwent LDLT at the National Cancer
Center in the Republic of Korea between January
2008 and December 2013. Of these patients, 109
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Table 1 Baseline characteristics of all patients
Characteristic

Age (yr)
Sex (male/female)
Child-Pugh score
AFP (ng/mL)
Number of tumors
Largest tumor size (cm)
Edmond-Steiner grade (Ⅰ,Ⅱ/Ⅲ,Ⅳ)
Major vessel invasion
(absent/present)
Microvascular invasion
(absent/present)
Bile duct invasion (absent/present)
Satellite nodule (absent/present)

Met the Milan criteria (n = 109)
Low-dose HBIG

High-dose HBIG

(n = 62)

(n = 47)

53.8 ± 6.4
49/13
7 (5-13)
18.8 (2.0-8891.8)
1 (1-3)
2.2 (0.6-4.5)
26/36
62/0

53.6 ± 7.6
35/12
5 (5-12)
13.3 (1.8-3811.2)
1 (1-3)
2.2 (0.8-4.0)
21/26
47/0

Did not meet the Milan criteria (n = 59)

P value
0.854
0.575
0.002
0.407
0.857
0.504
0.774
N/A

Low-dose HBIG

High-dose HBIG

(n = 33)

(n = 26)

54.1 ± 7.4
30/3
7 (5-13)
30.7 (3.5-31142.9)
1 (1-8)
5.4 (0.9-13.0)
8/25
26/7

53.0 ± 8.7
21/5
6 (5-13)
235.3 (2.9-57348.8)
1 (1-5)
4.9 (1.1-25.0)
2/24
17/9

P value
0.608
0.284
0.226
0.049
0.743
0.976
0.161
0.250

42/17[3]

30/17

0.420

11/22

6/20

0.388

61/1
46/15[1]

42/2
37/10

0.577
0.686

31/2
14/19

23/3
11/15

0.646
0.993

Values are presented as number/number, mean ± SD or median (range). Numbers in parentheses are missing value. AFP: Alpha-fetoprotein; N/A: Not
applicable.

HCC patients met the Milan criteria, whereas 59 HCC
patients did not meet the Milan criteria. Of the HCC
patients who met the Milan criteria (n = 109), 62 were
included in the low-dose HBIG group, whereas 47
were included in the high-dose HBIG group. Although
a significant difference in the Child-Pugh score (P =
0.002) was observed between the groups, none of
the other clinicopathologic factors showed significant
differences. Of the HCC patients who did not meet
the Milan criteria (n = 59), 33 were included in the
low-dose HBIG group, whereas 26 were included
in the high-dose HBIG group. Except for AFP (P =
0.049), none of the other variables showed significant
differences between the groups (Table 1).

were 76.9%, 53.8%, and 42.0%, respectively (P =
0.436; Figure 1B). The 6-mo, 1-year, and 3-year HBV
recurrence-free survival rates in the low-dose HBIG
group (n = 33) were 96.6%, 92.7%, and 82.6%,
whereas those in the high-dose HBIG group (n = 26)
were 92.3%, 82.0%, and 75.2%, respectively (P =
0.334; Figure 1D). No significant difference in overall
survival was noted between the groups (P = 0.965;
Figure 2B).

HCC recurrence, HBV recurrence, and overall survival of
the propensity-matched groups
Using propensity matching, 38 pairs were found to
have met the Milan criteria, whereas 18 pairs were
found to have not met the Milan criteria. None of
the variables in any of these pairs were found to
significantly differ between the low- and high-dose
HBIG groups (Table 2).
Among the patients who met the Milan criteria (n
= 38), the 6-mo, 1-year, and 3-year HCC recurrencefree survival rates in the low-dose HBIG group (n =
38) were 88.9%, 83.2%, and 83.2%, whereas those
in the high-dose HBIG group (n = 38) were 97.2%,
97.2%, and 97.2%, respectively (P = 0.042; Figure
3A). There was no significant difference between the
groups in terms of HBV recurrence-free survival rates
(P = 0.317; Figure 3C). The 6-mo, 1-year, and 3-year
overall survival rates of the low-dose HBIG group (n =
38) were 94.4%, 79.3%, and 76.2%, whereas those
in the high-dose HBIG group (n = 38) were 94.7%,
94.7%, and 90.6%, respectively (P = 0.190; Figure
4A).
Among the 18 pairs of patients who did not meet
the Milan criteria, no significant differences in the HCC
recurrence-free survival rates (P = 0.937; Figure 3B),
HBV recurrence-free survival rates (P = 0.350; Figure
3D), and overall survival rate (P = 0.987; Figure 4B)

HCC recurrence, HBV recurrence, and overall survival
before propensity matching

Among the HCC patients who met the Milan criteria (n
= 109), the 6-mo, 1-year, and 3-year HCC recurrencefree survival rates in the low-dose HBIG group (n =
62) were 96.6%, 87.9%, and 82.2%, whereas those
in the high-dose HBIG group (n = 47) were 95.6%
for all (P = 0.038; Figure 1A). The 6-mo, 1-year, and
3-year HBV recurrence-free rates in the low-dose HBIG
group (n = 62) were 100.0%, 98.1%, and 95.8%,
whereas those in the high-dose HBIG group (n = 47)
were 95.6% for all (P = 0.622; Figure 1C). The 6-mo,
1-year, and 3-year overall survival rates in the lowdose HBIG group (n = 62) were 96.8%, 91.4%, and
76.7%, whereas those in the high-dose HBIG group (n
= 47) were 95.7%, 95.7%, and 92.1%, respectively (P
= 0.048; Figure 2A).
Among the HCC patients who did not meet the
Milan criteria (n = 59), the 6-mo, 1-year, and 3-year
HCC recurrence-free survival rates in the low-dose
HBIG group (n = 33) were 87.3%, 67.9%, and 45.0%,
whereas those in the high-dose HBIG group (n = 26)
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Figure 1 Hepatocellular carcinoma recurrence-free survival rate of the low-dose hepatitis B immunoglobulin group and high-dose hepatitis B
immunoglobulin group before adjustment with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (A) and did not
meet the Milan criteria (B); hepatitis B recurrence-free survival rate of the low-dose hepatitis B immunoglobulin group group and high-dose hepatitis B
immunoglobulin group group before adjustment with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (C) and did
not meet the Milan criteria (D). HBIG: Hepatitis B Immunoglobulin; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.
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Figure 2 Overall survival rate of the low-dose hepatitis B immunoglobulin group and high-dose hepatitis B Immunoglobulin group before adjustment
with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (A) and did not meet the Milan criteria (B). HBIG: Hepatitis B
Immunoglobulin.
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Table 2 Baseline characteristics of propensity-matched patients with low- and high-dose hepatitis B Immunoglobulin who met and
did not meet the Milan criteria
Characteristic

Met the Milan criteria (38 pairs)

Age (yr)
Sex (male/female)
Child-Pugh score
AFP (ng/mL)
Number of tumors
Largest tumor size (cm)
Edmond-Steiner grade (Ⅰ, Ⅱ/Ⅲ, Ⅳ)
Major vessel invasion (absent/present)
Microvascular invasion (absent/present)
Bile duct invasion (absent/present)
Satellite nodule (absent/present)

Low-dose HBIG

High-dose HBIG

(n = 38)

(n = 38)

52.7 ± 5.5
32/6
6 (5-12)
22.6 (2.0-8891.8)
1 (1-3)
2.2 (0.8-4.5)
17/21
38/0
23/15
37/1
26/12

53.4 ± 8.1
29/9
6 (5-12)
15.3 (1.8-3811.2)
1 (1-3)
2.1 (0.8-4.0)
17/21
38/0
26/12
37/1
29/9

Did not meet the Milan criteria (18 pairs)

P value
0.643
0.453
0.710
0.658
0.963
0.994
1.000
N/A
0.664
1.000
0.648

Low-dose HBIG

High-dose HBIG

(n = 18)

(n = 18)

52.9 ± 8.0
16/2
6 (5-13)
34.6 (3.5-31142.9)
1 (1-5)
5.75 (1.6-13.0)
4/14
12/6
5/13
16/2
6/12

53.3 ± 8.6
16/2
6 (5-13)
112.5 (2.9-57348.8)
1 (1-5)
4.9 (1.1-25.0)
2/16
13/5
4/14
16/2
5/13

P value
0.917
1.000
0.932
0.500
0.811
0.393
0.500
1.000
1.000
1.000
1.000

Values are presented as number/number, mean ± SD or median (range). AFP: Alpha-fetoprotein; N/A: Not applicable.
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Figure 3 Hepatocellular carcinoma recurrence-free survival rate of the low-dose hepatitis B immunoglobulin group and high-dose hepatitis B
immunoglobulin group after adjustment with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (A) and did not
meet the Milan criteria (B); hepatitis B recurrence-free survival rate of the low-dose hepatitis B immunoglobulin group group and high-dose hepatitis B
immunoglobulin group group after adjustment with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (C) and did not
meet the Milan criteria (D). HBIG: Hepatitis B Immunoglobulin; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.
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Figure 4 Overall survival rate of the low-dose hepatocellular carcinoma group and high-dose hepatocellular carcinoma group after adjustment with
propensity scores among hepatocellular carcinoma patients who met the Milan criteria (A) and did not meet the Milan criteria (B). HBIG: Hepatitis B
Immunoglobulin.

were noted between the groups.

quantification methods. Accordingly, HCC recurrence
may develop not only in the OBI cases but also in
subclinical HBV infection cases wherein the HBV-DNA
is undetectable at the present time, as only a small
[9,26,27]
amount of material (e.g., the X protein of HBV
)
produced by the virus may be needed to mediate or
re-trigger the cancer. Therefore, in this study, HCC
recurrence may have reduced as high-dose HBIG was
more efficient for inhibiting the course induced by HBV,
as compared to low-dose HBIG.
However, only minimal information is available on
the manner in which HBIG protects the transplanted
liver against HBV reinfection. Virus reproduction begins
when the virion comes in contact with a suitable host
cell. HBIG may protect naive hepatocytes against
infection by the HBV virion by blocking a putative
[28]
HBV receptor . Alternatively, HBIG may neutralize
the circulating virions through immune precipitation
and immune complex formation, or may trigger
an antibody-dependent cell-mediated cytotoxicity
[28,29]
response, resulting in target cell lysis
. Furthermore,
HBIG has been reported to bind to hepatocytes and
[30]
to interact with HBsAg within cells . Regardless of
the mechanism, clear evidence has been obtained for
[31-33]
a dose-dependent response to HBIG treatment
.
However, further studies may be required to clarify
the several proposed mechanisms and to support the
outcomes of this study.
Another interesting aspect was that no significant
difference was observed in HCC recurrence according
to the HBIG dose among the HCC patients who did
not meet the Milan criteria (P = 0.937; Figure 3B).
In these patients, HCC recurrence may have been
[34]
caused by circulating tumor cells
instead of being
mediated or promoted by HBV, as is frequently noted
in the recurrence of cancer in other organs. This trend
may be associated with the fact that the Milan criteria

DISCUSSION
The presence of HBV-DNA in the serum is a reliable
marker of active HBV replication, and the presence of
HBeAg and the absence of the HBe antibody usually
indicate active HBV replication and high infectiousness.
Some studies indicated that the pre-OLT viral
replicative status of the study subjects was a predictor
[10,11]
of postoperative HCC recurrence
. Considering
[8,9,22]
that HBV has been known to induce HCC
, if the
HBV recurrence rate decreased in the high-dose HBIG
group, the reason for the HCC recurrence decrease
might be clearly explained in our study. However,
the outcome of the present study indicated that HBV
recurrence did not significantly differ according to the
HBIG dose among both HCC patients who met and
did not meet the Milan criteria (P = 0.317 and 0.350,
respectively).
Meanwhile, there were some reports that occult
[23-25]
hepatitis B infection (OBI) could induce HCC
. OBI
is defined as the presence of low levels of HBV-DNA
in the serum, the cells of the lymphatic (immune)
system, and/or the hepatic tissue in patients with
serological markers of a previous infection [hepatitis
B core antibody (anti-HBc)- and/or anti-HBs-positive]
and without any serum HBsAg. Real-time polymerase
chain reaction (RT-PCR), which is a currently used HBVDNA quantification method, has a lower quantification
[13-16]
limit of 70 copies/mL
. In comparison, the pre
vious-generation HBV-DNA quantification methods
for measuring HBV-DNA, such as the hybrid capture
assay and branched-DNA (bDNA) assay, have much
[12]
lower sensitivity . In other words, the HBV-DNA titer
level was undetectable in the past, it is now enough to
define it as OBI as the development of the HBV-DNA
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includes major vessel invasion, along with tumor size
and number, as indications for OLT.
In this study, we did not observe any difference
in the HBV recurrence according to the HBIG dose in
those who met (P = 0.317; Figure 3C) and did not
meet (P = 0.350; Figure 3D) the Milan criteria. Most of
the patients were taking NAs before LDLT, whereas the
other patients received ETV after LDLT. Combination
therapy of low-dose HBIG and NAs is efficient and
successful for preventing HBV recurrence after OLT,
[35-37]
which has been proved several times
. As seen
from our results, we believe that high-dose HBIG may
not be essential for suppressing the HBV recurrence
itself, but rather there may be a risk for HBsAg escape
[38-41]
mutations, as reported in previous studies
.
This study has certain limitations that are inherent
to a non-randomized and retrospective study. Another
limitation is that the effect of the pre-OLT HBV-DNA titer
on patient matching was not sufficiently clarified. As
reported in previous studies, the pre-OLT HBV-DNA titer
is one of the risk factor for HCC and HBV recurrence
[10,22,42]
after liver transplantation or liver resection
. In
the present study, the effect of the pre-OLT HBV-DNA
titer on group matching was not directly reflected as
three different quantification methods were used during
the study period, including the hybrid capture assay,
HBV bDNA signal amplification assay, and RT-PCR.
Among these methods, RT-PCR is the most sensitive,
[12-14]
and has the lowest detection limit
. Accordingly, if
the measurement were done via RT-PCR in the patients
who were HBeAg- and hybrid-capture-assay- or bDNAassay-negative, HBV-DNA-positive results might have
been observed. However, RT-PCR was not used in our
institution before May 2011.
The follow-up period of the high-dose HBIG group
was shorter than that of the low-dose HBIG group.
Among the patients who met the Milan criteria, the
median follow-up periods of the low- and high-HBIGdose groups were 55.5 mo (range, 0.6-60 mo) and
29.0 mo (range, 1.9-47.2 mo), respectively. Among
those who did not meet the Milan criteria, the median
follow-up periods of the low- and high-HBIG-dose
groups were 18.4 mo (range, 1.5-60 mo) and 11.4 mo
(range, 1.7-41.2 mo), respectively. High-dose HBIG was
administered to the HCC patients with HBV-DNA/HBeAgpositive since May 2011; hence, the follow-up period
of the high-dose HBIG group might not be sufficient to
completely support the findings of this study.
In conclusion, high-dose HBIG therapy was con
firmed to reduce HCC recurrence in patients who met
the Milan criteria and who were HBV-DNA/HBeAgpositive after LDLT; to our knowledge, this is the first
time such a finding has been reported. However,
further prospective studies are required to confirm
these results, and the optimal dose of HBIG therapy
after LDLT should be reconsidered.
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Background

In Asia, hepatocellular carcinoma (HCC) is one of the most common cancer.
The hepatitis B virus (HBV) infection is endemic in most parts of Asia and
chronic HBV infection was classified as group 1 carcinogens of HCC by the
World Health Organization. The major prognostic factors in HBV-related
HCC patients after orthotropic liver transplantation (OLT) are HBV and HCC
recurrence.

Research frontiers

For HBV prophylaxis following OLT, combination therapy of hepatitis B
immunoglobulin (HBIG) and nucleos(t)ide analogues were used in most
centers. In HCC patients who showed high infectiousness with HBV-DNA/
hepatitis B e antigen (HBeAg) -positive, a protocol that applies a higher dose of
HBIG after OLT is commonly used for HBV prophylaxis. However, no previous
studies regarding the effect of HBIG doses on HCC recurrence and overall
survival in patients with high infectiousness after OLT was reported.

Innovations and breakthroughs

The results showed that high-dose HBIG therapy can improve HCC recurrencefree survival of patients with HCC who were HBV-DNA/HBeAg-positive after
OLT.

Applications

Authors suggest that high-dose HBIG can be effective therapy in HCC with
HBV-DNA/HBeAg-positive patients after OLT.

Terminology

HBIG is a sterile solution of purified gamma globulin containing anti-HBs. It is
prepared from plasma donated by healthy, screened donors with high titers of
anti-HBs. It is used to prevent hepatitis B from occurring again in hepatitis B
surface antigen-positive patients who have had OLT.

Peer-review

The strength of this study is that it is the first study regarding the effect of
HBIG doses on HCC recurrence and overall survival in patients with high
infectiousness after OLT. They conclude that a high-dose HBIG reduce HCC
recurrence in patients with HCC who were HBV-DNA/HBeAg-positive after OLT.
The paper is well written and of highly clinical implications.
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Abstract
AIM: To compare the short- and long-term outcomes
of vascularizing lymph node dissection (VLND) and nonvascularizing lymph node dissection (NVLND) from a
single institution.

Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of Sun Yat-sen Memorial
Hospital.

METHODS: Data of 315 patients with advanced gastric
cancer who underwent standard D2 lymphadenectomy
with curative intent was collected between January
1994 and December 2006. One hundred and fifty-two
patients received VLND while 163 patients received
NVLND. Short- and long-term clinical outcomes were
compared between the two groups.

Informed consent statement: All study participants, or their
legal guardian, provided verbal informed consent.
Conflict-of-interest statement: The authors declare no conflict
of interest.
Data sharing statement: No additional data are available.

RESULTS: The median followed-up time was 82 mo.
The rate of postoperative complications in the VLND
group was 13.2%, while that in the NVLND group was
11.7% (P = 0.686). The overall 5-year survival rate was
64% in the VLND group and 59% in the NVLND group
(P = 0.047). When subgroup analyses were performed
according to Bormann type, type of differentiation and
lymph node status, survival benefit was demonstrated
in patients with Bormann type Ⅲ or Ⅳ (59% vs 50%,
P = 0.032), undifferentiated type (63% vs 49%, P =
0.021) or presence of lymph node metastasis (53% vs
38%, P = 0.010) in the VLND group.
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CONCLUSION: D2 VLND in advanced gastric cancer
treatment allows survival benefit with acceptable
morbidity and mortality. VLND for patients with
potentially curable advanced gastric cancer is feasible
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and safe when performed by a well-trained surgical
team.

dissection) cannot provide survival benefit in curable
gastric cancer patients when compared with D2 lymph
node dissection alone. Nowadays in China, the majority
(about 90%) of gastric cancer patients are diagnosed
in advanced stages. Hence, D2 dissection has
become the standard procedure for advanced gastric
cancer. Numerous studies have shown that surgical
specialization and experience as well as surgery
volume may contribute to differences in outcomes; the
morbidity and mortality vary among different surgeons
[9-11]
and in different hospitals
. However, it has not been
reported whether different lymph node dissection
techniques would affect the outcome of gastric
cancer. Two methods have been applied to dissect the
lymph nodes around the artery; one was classified
as vascularizing lymph node dissection (VLND) where
the dissection is carried out along the plane between
the artery adventitia and the vascular sheath, and
the other is non-vascularizing lymph node dissection
(NVLND) in which the lymph nodes are retrieved
outside the vascular sheath with the vascular sheath
preserved. So far no randomized controlled trial has
been found on the comparison of the two methods.
VLND has been performed in our department since the
early 1990s. Data of all the patients were collected in
the gastric cancer database of our department. The
postoperative follow-up data were also included. The
present study therefore investigated the long- and
short-term clinical outcomes of VLND and NVLND from
a single institution.

Key words: Gastric cancer; Vascularizing lymph node
dissection; Non-vascularizing lymph node dissection;
Clinical outcome
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigates the short- and longterm outcomes of vascularizing lymph node dissection
(VLND) and non-vascularizing lymph node dissection
(NVLND) from a single institution. The overall 5-year
survival rate was 64% in the VLND group and 59% in
the NVLND group (P = 0.047). We draw a conclusion
that VLND with D2 lymphadenectomy has overall
survival benefit for patients with advanced gastric
cancer without significant operative complications
and mortality if performed by a well-trained and
experienced surgical team. If undifferentiated adenocar
cinoma is confirmed by endoscopic biopsy preopera
tively or macroscopically enlarged regional lymph nodes
are found intraoperatively in advanced gastric cancer,
VLND with D2 lymphadenectomy may be a considerable
alternative.
Han FH, Zhou SN, Li HM, He YL, Zhan WH. Vascularizing
lymph node dissection for advanced gastric cancer: A singleinstitution experience. World J Gastroenterol 2016; 22(14):
3813-3820 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i14/3813.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i14.3813

MATERIALS AND METHODS
This study was approved by Ethics Committee of Sun
Yat-sen Memorial Hospital, Sun Yat-sen University.
All patients provided verbal informed consent prior to
study enrollment, because all study participants were
out of hospital and we contacted them by telephone,
message, email, etc.

INTRODUCTION
Gastric cancer (GC) is the third leading cause of
[1]
cancer-related deaths in China . Although current
therapeutic practice includes neoadjuvant and
adjuvant chemotherapy or radiotherapy into the
[2]
treatment protocol , curative gastrectomy with
radical lymphadenectomy is the only curative therapy
for gastric cancer. An Italian multicenter randomized
[3,4]
controlled trial
showed that subtotal and total
gastrectomies, with second-level lymphadenectomy,
had similar postoperative complication rate and
survival probability, provided that the surgical margin
of the resection fell in healthy tissue. The 10-year
and the 15-year survival outcomes of Dutch gastric
cancer trial showed that D2 dissection may be of
[5,6]
benefit, especially for patients with N2 disease . A
Taiwanese single-institution trial (No. ClinicalTrials.gov
[7]
NCT00260884) showed that D3 dissection showed
better survival outcome for gastric cancer patients
compared with D1 lymphadenectomy if performed by
[8]
experienced surgeons. Japanese MRCT showed that
more extended resection (D2+ para-aortic lymph node

WJG|www.wjgnet.com

Patients

Three hundred and fifteen patients with primary GC
who underwent radical gastrectomy with D2 lymph
node dissection in the Department of Gastrointestinal
Surgery, the Affiliated Hospital of Sun Yat-sen University
between 1994 and 2006 were studied. Among these
patients, 152 received VLND, and 163 received NVLND.

Eligibility

In this study, the inclusion criteria before surgical
procedure were as follows: (1) histologically proven
primary gastric cancer; (2) potentially curable by radial
gastrectomy with D2 lymphadenectomy [Japanese
Gastric Cancer Association (JGCA) guidelines]; (3)
physical tolerance to radical operation; (4) age younger
than 75 years; (5) no neoadjuvant chemotherapy or
radiotherapy before surgery; (6) no concomitant other
cancer; and (7) no previous gastrectomy.
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A

367 patients were eligible

B

367 had elective gastrectomy

52 were excluded according to
intraoperative findings
41 early cancer
4 esophageal involvement
5 para-aortic lymph node
enlargement
2 liver metastatic nodules

Figure 2 Vascularizing (A) and non-vascularizing lymph node dissection
(B). Yellow lines indicate the dissection planes around the vessels.

315 patients were analyzed

152 in VLND group

Union for International Cancer Control (UICC). When
the cases underwent VLND, the vascular sheath of
the artery and the dense fibrous tissue were peeled to
expose the tunica adventitia. The loose layer between
the vascular sheath and the tunica adventitia was
accessed, and the lymph nodes around the artery
together with the vascular sheath could be dissected
promptly and easily (Figure 2A). In this way, all the
anatomic structures in the upper abdominal floor were
skeletonized, so that at the end of the procedure the
surgical field resembled that seen in an anatomic atlas
(Figure 3). As for NVLND, however, dissection was
performed outside the vascular sheath, leaving the
vascular sheath unopened (Figure 2B).

163 in NVLND group

Figure 1 Eligibility and exclusion. VLND: Vascularizing lymph node
dissection; NVLND: Non-vascularizing lymph node dissection.

Exclusion criteria

Exclusion criteria were as follows (intraoperative
findings): (1) early gastric cancer (T0 or T1); (2)
enlarged lymph nodes were found around paraaortic or the hepatoduodenal ligament regions; (3)
esophageal involvement; and (4) distant metastasis.
Three hundred and sixty-seven patients met the
inclusion criteria, and 52 of them were excluded
because they did not meet the exclusion criteria as
Figure 1 shows: 41 cases were found with early gastric
cancer, 4 cases were found with esophageal involve
ment, 5 cases were found with para-aortic lymph
nodes enlargement and 2 cases were found with liver
metastatic nodules intraoperatively. Finally, data of 315
cases underwent statistic analysis (152 cases in the
VLND group and 163 cases in the NVLND group).

Quality control

The standard procedure was set up by Zhan WH.
All surgeons had completed at least 20 gastrec
tomies with VLND and 20 gastrectomies with NVLND
independently before the beginning of this study
(Before January 1994).
[13]
The UICC TNM staging system was used .

Follow-up and statistical analysis

Surgery

The median followed-up time was 82 mo (83 mo in
the VLND group and 80 mo in the NVLND group, P
= 0.475). Assessments were performed in a followup program every 3 mo during the first 3 years after
surgery, then every 6 mo during the next 2 years, and
annually thereafter until the patient’s death. Statistical
analyses were performed with software SPSS 16.0 G
for Windows. The clinical and pathological variables
were compared using the Fisher’s exact test and
Wilcoxon test, and P < 0.05 was considered statistically
significant. The primary endpoints were recurrence
free survival and overall survival. Comparisons were
made by the log-rank test when using the KaplanMeier method.

Lymph node dissection was standardized according
[12]
to the JGCA Guidelines . All patients underwent
radical gastrectomy with D2 lymph node resection for
curative intent. The stomach, lesser omentum, greater
omentum, anterior leaf of transverse mesocolon,
capsula pancreatis and lymph nodes were included
in the resection. When proximal gastrectomies were
performed, Nos. 1, 2, 3a, 4sa, 4sb, 7, 8a, 9, and 11p
lymph nodes were removed. A total gastrectomy
included the dissection of Nos. 1, 2, 3, 4, 5, 6, 7,
8a, 9, 10, 11p, 11d, and 12a lymph nodes. For
distal gastrectomy, Nos. 1, 3, 4sb, 4d, 5, 6, 7, 8a,
9, 10, 11p and 12a lymph nodes were removed. At
least 15 lymph nodes were retrieved and examined.
After the surgery, perigastric lymph nodes were
dissected immediately and sent for histopathological
examination. Tumors were staged according to the
latest version of the pathologic classification of the

WJG|www.wjgnet.com

RESULTS
Three hundred and sixty-seven patients met the
inclusion criteria, and 52 of them were excluded.
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A

Table 1 Clinicopathological characteristics of patients
Op. date: 3 July 2002
0605819, F, 30 y

Group
No. of cases
Sex
Male
Female
Age (yr), mean ± SD
Tumor location
Upper stomach
Middle stomach
Lower stomach
Whole stomach
Tumor size (cm), mean ± SD
Bormann type
Ⅰ or Ⅱ
Ⅲ or Ⅳ
Postoperative stay (d)
Blood transfusion
Absent
Present
Mean operation time
Gastrectomy
Total
Subtotal
Type of reconstruction
Roux-en-Y
Billroth Ⅰ
Billroth Ⅱ
Pathological classification
and differentiation
Differentiated
Undifferentiated
Retrieved nodes, mean ± SD
Metastatic nodes, mean ± SD
pT stage
T1
T2
T3
T4
pN stage
N0
N1
N2
N3

16a1
CA
16a2

SMA

B

No16b1

No16b2

C

Figure 3 Surgical field of a case that underwent partial D2 gastrectomy with
vascularizing lymph node dissection.

NVLND

152

163

101
51
55.72 ± 11.73

101
62
56.97 ± 12.19

0.414

38
36
75
3
4.59 ± 2.84

46
42
70
5
4.38 ± 3.29

0.679

40
112
13.24

57
106
13.96

0.063

94
58
271.91 ± 65.58

101
62
272.52 ± 57.57

58
94

76
87

58
7
87

76
9
78

0.163

0.456

0.473
0.982

0.931
0.129

0.466
53
99
29.94 ± 11.70
4.41 ± 7.54

47
115
27.85 ± 12.05
5.30 ± 7.33

25
21
70
36

22
14
84
43

61
57
22
12

53
66
28
16

0.307
0.717
0.406

0.546

VLND: Vascularizing lymph node dissection; NVLND: Non-vascularizing
lymph node dissection.

Finally, data of 315 cases were analyzed (152 cases in
the VLND group and 163 cases in the NVLND group).
Among the 315 patients with gastric cancer who
underwent standard D2 lymphadenectomy, 64.1% were
male (202/315) and 35.9% were female (113/315).
The mean ages of the VLND and NVLND groups
were 55.72 ± 11.73 years and 56.97 ± 12.19 years,
respectively. The clinicopathological characteristics of all
patients are showed in Table 1. No statistical difference
was found between the two groups in terms of sex, age,
macroscopic histological type, tumor site or size. No
significant differences were demonstrated in operative
procedures or postoperative pathological parameters
either. The number of harvested lymph nodes was
29.94 ± 11.70 in the VLND group and 27.85 ± 12.05 in
the NVLND group (P = 0.307). The number of involved
lymph nodes in the VLND and NVLND groups were 4.41
and 5.30, respectively (P = 0.717). Total gastrectomy

WJG|www.wjgnet.com

P value

VLND

was performed in 58 patients who underwent VLND
and in 76 patients who underwent NVLND. The median
operation time was 271.91 ± 65.58 min in the VLND
group and 272.52 ± 57.57 min in the NVLND group,
and there was no significant difference between the two
groups (P = 0.931).

Morbidity and mortality

No significant difference was observed in postoperative
complications between the VLND and NVLND groups
(13.2% vs 11.7%, P = 0.686). Table 2 lists all
the postoperative complications. As shown, intraabdominal infection, pulmonary complications, ileus,
catheter-related infection and abdominal hemorrhage
were the most common complications. There were no
deaths during hospital stay.
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differ if the patient is old, obese, or with co-morbid
conditions such as diabetes and cardiovascular illness.
The knowledge, skill and experience of the surgical
team, the extent of lymph node dissection, pathological
sampling and pathological diagnosis all affect the
[17-20]
pathological staging
. The extent as well as the
technique of nodal clearance is of significant influence
[21-24]
on surgical quality of lymph node dissection
.
However, the prognostic impact of different lymph
node dissection techniques has not been reported in
the literature.
In our study, the impact of different lymph node
dissection techniques on the short- and long-term clinical
outcomes in patients with advanced gastric cancer who
underwent radical operation was investigated on the
basis of strict surgical quality control. In this setting, the
application of VLND to advanced gastric cancer requires
a surgical team who has rich experience in radical
gastrectomy, familiarity with vascular surgery technique
and a good understanding of anatomical structure. The
surgical learning period for VLND extends to at least 20
cases. When NVLND was employed, the lymph nodes
in the upper abdominal ﬂoor were removed leaving the
vascular sheath intact and unopened.
Our hospital has a high volume of GC surgery in
China. Radical gastrectomy with D2 lymphadenectomy
has commonly been carried out here. All involved
surgeons in our department were experienced and had
accomplished at least 20 gastrectomies with VLND and
20 gastrectomies with NVLND independently before
the study. The standard procedure was set up and all
surgeons did both VLND and NVLND. Hence, there
were no deaths for postoperative complications in both
groups, although the overall morbidity rate was slightly
higher in the VLND group than in the NVLND group
(13.2% vs 11.7%, P = 0.686). When complications
were considered independently, no complication could
reach a statistically significant difference between the
two groups.
The limitation of this study may be as follows:
(1) the vascular sheath and the soft tissue between
the vascular sheath and the tunica adventitia may be
involved in some patients with advanced gastric cancer,
thus VLND could reach better regional control. However,
the lack of pathological data which can provide
evidence of metastasis makes it less compelling; and (2)
all the surgical procedures in our study were performed
by several experienced surgeons in a single institution.
Some more prospective randomized controlled trials
are needed to support our results.
In conclusion, the short- and long-term clinical out
comes of VLND and NVLND were studied and reported
in a single institution. Data from our study demonstrated
that VLND with D2 lymphadenectomy has overall
survival benefit for patients with advanced gastric
cancer without significant operative complications and
mortality if performed by a well-trained and experienced
surgical team. If undifferentiated adenocarcinoma

Table 2 Postoperative complications after gastrectomy
Complication
Anastomotic leakage
Duodenal stump leak
Biliary fistula
Pancreatic fistula
Ileus
Lymphorrhea
Abdominal hemorrhage
Intra-abdominal infection
Pulmonary complications
Catheter-related infection
Total

VLND

NVLND

P value

1
1
2
1
2
2
3
3
3
2
20

1
2
0
0
4
0
1
5
4
2
19

0.686

VLND: Vascularizing lymph node dissection; NVLND: Non-vascularizing
lymph node dissection.

Overall survival

The overall 5-year survival rate was 64% in the VLND
group and 59% in the NVLND group (log-rank test P =
0.047; Figure 4A).

Survival by Bormann type

Among patients with Bormann type Ⅰ or Ⅱ cancer,
the overall 5-year survival rate was 81% in the VLND
group and 79% in the NVLND group (log-rank test, P
= 0.902). However, a significant difference was found
between the two groups among patients with Bormann
type Ⅲ or Ⅳ cancer. The overall 5-year survival rates
of the VLND and NVLND groups were 59% and 50%,
respectively (log-rank test, P = 0.032; Figure 4B).

Survival by type of differentiation

For differentiated GC, the overall 5-year survival rate
was 81% for the VLND group and 79% for the NVLND
group (log-rank test, P = 0.282). For patients with
undifferentiated GC, however, VLND could improve the
overall 5-year survival rate by more than 10% (63%
for the VLND group vs 49% for the NVLND group, logrank test, P = 0.021; Figure 4C).

Survival by status of lymph node metastasis

Among patients without lymph node metastasis, no
significant difference was found between the two
groups. The overall 5-year survival rate was 86% in
the VLND group and 82% in the NVLND group (log-rank
test, P = 0.222). However, the overall 5-year survival
rate was 53% in the VLND group and 38% in the
VLND group among patients with regional lymph node
metastasis, thus a significant difference was observed
(log-rank test, P = 0.010; Figure 4D).

DISCUSSION
Long-term clinical outcomes of GC were variable
[14-16]
according to several published studies
, which can
be affected by the physical condition, tumor growth,
treatment protocol, and the scrutiny of pathological
assessment. The results of the surgical treatment will
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Figure 4 Survival analysis. A: Overall survival of VLND and NVLND groups; B: Survival according to Bormann type; C: Survival according to type of differentiation; D:
Survival according to lymph node status. VLND: Vascularizing lymph node dissection; NVLND: Non-vascularizing lymph node dissection.
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is confirmed by endoscopic biopsy preoperatively or
macroscopically enlarged regional lymph nodes are
found intraoperatively in advanced gastric cancer, VLND
with D2 lymphadenectomy may be a considerable
alternative.

4
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Background

Gastric cancer is the third leading cause of cancer-related deaths in China.
Nowadays in China, the majority (about 90%) of gastric cancer patients
are diagnosed in advanced stages. Hence, D2 dissection has become the
standard procedure for advanced gastric cancer. However, it has not been
reported whether different lymph node dissection techniques would affect the
outcome of gastric cancer. Two methods have been applied to dissect the
lymph nodes around the artery, and one was classified as vascularizing lymph
node dissection (VLND) where the dissection is carried out along the plane
between the artery adventitia and the vascular sheath. Non-vascularizing
lymph node dissection (NVLND) is a technique in which the lymph nodes are
retrieved outside the vascular sheath with the vascular sheath preserved. So
far no randomized controlled trial has been found on the comparison of the two
methods from a single institution.
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The appropriate degree of curative lymph node dissection remains controversial
between Western and Eastern countries. There is still ambiguity in comparison
between laparoscopic and open operation for gastric cancer.
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It has not been reported whether different lymph node dissection techniques
would affect the outcome of gastric cancer. This study found that D2 VLND
in advanced gastric cancer treatment allows survival benefit and acceptable
mortality and morbidity.
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VLND with D2 lymphadenectomy has overall survival benefit for patients
with advanced gastric cancer if performed by a well-trained and experienced
surgical team. In radical operation for advanced gastric cancer, VLND with D2
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VLND: Lymph nodes around the vessels, as well as the vascular sheath of the
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intraoperatively in advanced gastric cancer, VLND with D2 lymphadenectomy
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the future treatment of advanced gastric cancer.
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Abstract
AIM: To analyze and compare postoperative morbidity
between patients receiving total parenteral nutrition
(TPN) and early enteral nutrition supplemented with
parenteral nutrition (EEN + PN).

Informed consent statement: Informed written consent was
provided by each participant or the participant’s legal guardian
prior to enrollment in the study.
Conflict-of-interest statement: The authors have declared that
no competing interests exist.

METHODS: three hundred and forty patients receiving
pancreaticoduodenectomy (PD) from 2009 to 2013 at
our center were enrolled retrospectively. Patients were
divided into two groups depending on postoperative
nutrition support scheme: an EEN + PN group (n
= 87) and a TPN group (n = 253). Demographic
characteristics, comorbidities, preoperative biochemical

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at the
following email address: xfzhang125@126.com. The participants
gave informed consent for data sharing. No additional data are
available.
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parameters, pathological diagnosis, intraoperative
information, and postoperative complications of the two
groups were analyzed.

operatively, many candidates for PD are in a state
of disease/comorbidities-associated malnutrition;
aggravating this situation, surgery causes disorga
nization of the digestive arrhythmic and absorptive
functions, leading to worsening postoperative indigestion
and malabsorption, which accounts for the high
[2]
morbidity rate of PD-related complications , and
this is combined with the difficulty of the nil per os
period during the first days after surgery. Hence,
appropriate nutritional therapy is of great significance
for postoperative rehabilitation following PD.
Nutrition support strategies have undergone
tremendous evolution in the decades following the
first application of total parenteral nutrition (TPN)
[3]
in postoperative patients . Recent studies have
elaborated that early enteral nutrition (EEN) could
improve immune capability, maintain intestinal
barrier function, and potentially moderate metabolic
stress reactions caused by surgical intervention,
thereby reducing the incidence of postoperative
[4-8]
complications . Moreover, EEN is thought to be a
more reliable and economic solution for postoperative
nutritional support compared with parenteral nutrition
[6,7]
(PN) . Currently, this is the mainstream view. Some
studies, however, have claimed that EEN is insignificant
or even negative in decreasing complication morbidity
[9-17]
rates after abdominal surgery
; thus, the role
of EN remains debatable. On the other hand, with
improvements in central venous catheter care and
progress in energy supply (isocaloric or hypocaloric
formulas), PN-associated morbidity has significantly
decreased in high-volume centers. Because decided
evidence in respect of the first-rank nutrition strategy
following PD remains absent, feeding route decision
relies prevailingly on the surgeon’s subjective per
spective. The objective of our research was to com
pare the incidence of postoperative complications
between patients undergoing TPN and EEN by placing
a nasojejunal catheter combined with additional PN
[considering the universally recognized adverse effects
of total enteral nutrition (TEN) such as diarrhoea,
abdominal tympany, and abdominalgia].

RESULTS: The two groups did not differ in demo
graphic characteristics, preoperative comorbidities,
preoperative biochemical parameters or pathological
findings (p > 0.05 for all). However, patients with
EEN + PN following PD had a higher incidence of
delayed gastric emptying (16.1% vs 6.7%, p = 0.016),
pulmonary infection (10.3% vs 3.6%, p = 0.024), and
probably intraperitoneal infection (18.4% vs 10.3%,
p = 0.059), which might account for their longer
nasogastric tube retention time (9 d vs 5 d, p = 0.006),
postoperative hospital stay (25 d vs 20 d, p = 0.055)
and higher hospitalization expenses (USD10397 vs
USD8663.9, p = 0.008), compared to those with TPN.
CONCLUSION: Our study suggests that TPN might
be safe and sufficient for patient recovery after PD.
Postoperative EEN should only be performed scrupulously
and selectively.
Key words: Pancreaticoduodenectomy; Postoperative
complications; Enteral nutrition; Parenteral nutrition;
Delayed gastric emptying
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although most studies have shown that early
enteral nutrition (EEN) seems to be superior to total
parenteral nutrition (TPN) in postoperative outcomes,
the optimal nutritional support route choice after
pancreaticoduodenectomy (PD) remains debatable. In
this retrospective study, we investigated postoperative
outcomes between patients undergoing TPN and EEN
+ PN after PD. The results demonstrated that the EEN
+ PN group had an increased morbidity of delayed
gastric emptying and pulmonary infection, which might
account for longer nasogastric tube retention time,
postoperative hospital stay and higher hospitalization
expenses. In our opinion, EEN should only be per
formed cautiously and selectively.

MATERIALS AND METHODS

Lu JW, Liu C, Du ZQ, Liu XM, Lv Y, Zhang XF. Early
enteral nutrition vs parenteral nutrition following pancreati
coduodenectomy: Experience from a single center. World J
Gastroenterol 2016; 22(14): 3821-3828 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3821.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3821

Patient selection

From February 2009 to January 2013, patients
receiving classic PD and Child’s reconstruction were
retrospectively enrolled in this study at Xi’an Jiaotong
University First Affiliated Hospital. Exclusion criteria
included preoperative ongoing infection, inflammatory
bowel disease, severe renal insufficiency and history of
previous gastrointestinal surgery. In order to avoid the
interference of variable PD patterns, patients subjected
to pylorus-preserving PD, total PD, or Roux-en-Y
choledochojejunostomy were also excluded. Finally,
340 patients undergoing PD were enrolled in this study.
Data including patients’ demographic characteristics,

INTRODUCTION
Since its introduction by Whipple in 1935, pancreati
coduodenectomy (PD) has been considered an
irreplaceable treatment choice for carcinoma of the
[1]
periampullary region and some benign lesions . Pre
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laboratory results, pathological diagnosis of resected
lesions, intraoperative information and postoperative
complications were registered on specific forms.
The study was reviewed and approved by the First
Affiliated Hospital of Xi’an Jiaotong University ethics
committee.

or TPN was gradually decreased once the patient
could tolerate oral intake, and was finally discontinued
once the patient could eat regularly, followed by
removal of the nasogastric tube and NJT. If the patient
experienced abdominal distension, nausea or vomiting,
the nasogastric tube was re-aspirated and the feeding
was slowed or stopped temporarily.
The character and volume of the abdominal
drainage fluid were observed twice a day, and the
drainage fluid amylase was examined if a pancreatic
fistula was suspected. Routine ultrasound was used
to detect any fluids in the abdominal cavity before
removal of the drainage tubes.

Surgical procedures

All operations were performed by six experienced
senior surgeons. 87 and 253 cases received EEN
+ PN and only TPN, respectively. Preoperatively,
nurses introduced a nasojejunal nutrition tube (NJT)
[10/F, Nutricia Pharmaceutical (Wuxi) Co., China]
through the nasal cavity, together with a nasogastric
tube (NGT) [10/F, Nutricia Pharmaceutical (Wuxi)
Co., China]. The decision to place an intraoperative
jejunum feeding tube was more frequently determined
by the surgeon’s discretion rather than the patient’s pre
operative status. Child’s procedures were standar
dized, with pancreatojejunostomy performed initially,
and pancreatic duct stent was used as occasion
demands. Interrupted jejunal muscularis serosapancreas sutures were made at the outer layer. Endto-side cholangioenterostomy was performed 15–
20 cm distal to the pancreatojejunal anastomotic
stoma, and gastrojejunostomy 45-55 cm distal to
the cholangioenteral anastomosis. The NJT was then
positioned 25-30 cm distal to the gastrointestinal
anastomosis by surgeons, and attached to the nose
wing with surgical silk thread (4-0) and tape. Before
abdominal closure, two rubber drainage tubes were
routinely placed into the abdominal cavity (behind the
pancreatojejunal and cholangioenteral anastomosis,
respectively), with their external openings linked to
anti-reflux negative-pressure drainage bags.

The definition and classification of delayed gastric
emptying (DGE) were based on International Study
Group of Pancreatic Surgery (ISGPS) recommendations
as follows: Grade A, demanding an NGT intubation or
reinsertion between postoperative day (POD) 4 and
POD 7 or intolerance to a solid diet by POD 7; Grade B,
demanding an NGT intubation or reinsertion between
POD 8 and POD 14 or intolerance to a solid diet by
POD 14; and Grade C, demanding an NGT intubation
or reinsertion after POD 14 or intolerance to a solid diet
[18]
by POD 21 . The definition of pancreatic fistula was
based on ISGPS criteria as calculable intraperitoneal
drainage volume on or after POD3 with concentration
of amylase at least 3 times the serum normal upper
[19,20]
limit
. Definition of bile leakage was based on
the International Study Group of Liver Surgery as
a bilirubin content of the drainage fluid 3 times or
greater than the serum content on or after POD3 or
requiring imaging or surgical treatment arising from
[21]
choleperitonitis or bile collections .

Postoperative management

Statistical analysis

Postoperative morbidity

Barring special circumstances (such as serious
complications or comorbidities in need of strict
monitoring), patients remained in the ICU for the first
postoperative 24-48 h. Unless sustained antibiotic
treatment was necessary (like for severe sepsis,
etc.), prophylactic antibiotics were discontinued after
the first 24-48 h. Both groups began parenteral
nutrition through a central venous catheter on the
first postoperative day. Then, the EEN + PN group
was administered enteral nutrition through the NJT
from the second day after surgery, with an initial
volume of 500 ml (1 Kcal/ml, protein 4.5 g/100 ml,
carbohydrate 14.3 g/100 ml, lipid 2.8 g/100 ml).
The total calories and protein intake for both groups
were maintained at 25-30 Kcal/(kg·d) and 1.2-1.5
g/(kg·d), respectively. The initial delivery rate was 30
ml/h, increasing gradually to normal intake in 48 h
depending on patients’ condition. Once the patient had
passed flatus, the nasogastric tube was clipped and
an oral liquid diet was gradually started, beginning
with small volumes. The volume of liquid diet via NJT
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Quantitative variables are presented as the mean ± SE
or median, and percentages for qualitative variables.
The Mann-Whitney U test or Student’s t-test was
2
applied for quantitative variables, and the χ test or
Fisher’s exact test for qualitative variables. Statistical
analyses were completed with SPSS 21.0 software
(Chicago, IL, United States). P-values less than 0.05
were defined statistically significant.

RESULTS
Patient characteristics

Table 1 shows the comparison of patients’ demographic
characteristics, comorbidities, and preoperative serum
biochemical levels between the two groups. There
were no significant differences in all the baseline
characteristics between the two groups.

Pathological variables

The postoperative pathological diagnosis results of the
two groups are shown in Table 2. Pancreatic adenocar
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Table 2 Pathological diagnosis of the primary disease n (%)

Table 1 General characteristics, comorbidities, and preoperative
lab tests n (%)

Pathology

Sex (male)
Age (yr)
Smoking pack-years (≥ 20)
Alcoholic abuse
BMI
Body weight loss (n)
> 10%
Comorbidities
CAD
Hypertension
Diabetes mellitus
COPD
ASA classification ≥ 3
Hemoglobin (g/L)
Leukocytes (× 109/L)
Platelet (× 109/L)
Total bilirubin (μmol/L)
Alanine aminotransferase
(U/L)
Aspartate aminotransferase
(U/L)
Albumin (ng/mL)
Prothrombin time (s)
Fibronectin
Carcinoembryonic antigen
(U/mL)
CA-125 (U/mL)
CA19-9 (U/mL)

EEN + PN
(n = 87)

TPN
(n = 253)

P value

43 (49.4)
58 ± 1.5
11 (12.6)
8 (9.2)
25.8 ± 4.9

155 (61.3)
58 ± 0.7
27 (10.7)
41 (16.2)
25.5 ± 5.3

0.053
0.757
0.724
0.273
0.845

27 (31.0)

86 (34.0)

0.426

5 (5.7)
16 (18.4)
9 (10.3)
3 (7.0)
53 (60.9)
118.3 ± 1.8
7.0 ± 0.3
217.8 ± 7.9
147.1 ± 16.3
144.8 ± 14.7

14 (5.5)
43 (17.0)
25 (9.9)
14 (5.5)
149 (58.9)
121.0 ± 1.0
6.6 ± 0.2
206.1 ± 5.0
144.6 ± 8.6
151.5 ± 10.8

0.975
0.745
0.838
0.247
0.461
0.194
0.227
0.224
0.882
0.741

122.2 ± 12.6

130.7 ± 10.8

0.622

43.7 ± 7.3
12.6 ± 0.1
4.5 ± 0.1
12.8 ± 1.9

39.0 ± 1.6
12.8 ± 0.1
4.3 ± 0.1
3.7 ± 0.2

0.345
0.274
0.253
0.960

22.6 ± 2.2
657.4 ± 197.8

26.5 ± 3.7
844.3 ± 236.3

0.516
0.645

Pancreatic
adenocarcinoma
Bile duct adenocarcinoma
Duodenal/ampullary
adenocarcinoma
Neuroendocrine tumor
Pancreatic
pseudopapillary tumor
Cystic pancreatic tumor
Chronic pancreatitis/
pancreatolithiasis

TPN
(n = 253)

P value

24 (27.6)

82 (32.4)

0.472

29 (33.3)
27 (31.0)

76 (30.0)
64 (25.3)

0.695
0.391

2 (2.3)
1 (1.1)

4 (1.6)
5 (2.0)

0.583
0.209

1 (1.1)
3 (3.4)

3 (1.2)
19 (7.5)

0.754
0.151

EEN: Early postoperative enteral nutrition; PN: Parenteral nutrition; TPN:
Total parenteral nutrition.

Table 3 Intraoperative findings and postoperative presentation

n (%)

EEN + PN
(n = 87)

TPN
(n = 253)

Diameter of pancreatic duct
0.7 ± 0.1
0.6 ± 0.0
(cm)
Diameter of bile duct (cm)
1.8 ± 0.1
1.7 ± 0.0
Tumor max-diameter (cm)
3.7 ± 0.3
3.7 ± 0.2
Retrocolic
85 (97.7)
227 (89.7)
choledochojejunostomy
Combined vascular resection
2 (2.3)
10 (4.3)
Intraoperative bleeding
753 ± 47.2
681 ± 59.4
volume (mL)
Intraoperative blood
15 (17.2)
69 (27.3)
transfusion
Duration of surgery (min)
329.5 ± 53.7
335.1 ± 61.3
Nasogastric tube retention (d)
9 ± 0.2
5 ± 0.1
Hospital stay (d)
32 ± 2
27 ± 1
Postoperative hospital stay
25 ± 2
20 ± 1
(d)
Total cost (US dollars)
10397.0 ± 861.2 8663.9 ± 239.2

BMI: Body mass index; EEN: Early postoperative enteral nutrition; PN:
Parenteral nutrition; TPN: Total parenteral nutrition; CAD: Coronary
atherosclerotic heart disease; COPD: Chronic obstructive pulmonary
diseases; ASA: The American Society of Anesthesiologists.

cinoma, bile duct adenocarcinoma and duodenal/ampu
llary adenocarcinoma were the top three common
pathological patterns, accounting for 91.9% in the
EEN + PN group and 88.7% in the TPN group. No
significant differences existed in pathological types
between the two groups (P > 0.05 for all).

P value
0.483
0.188
0.964
0.212
0.738
0.426
0.063
0.461
0.006
0.074
0.055
0.008

EEN: Early postoperative enteral nutrition; PN: Parenteral nutrition; TPN:
Total parenteral nutrition.

Postoperative complications

Operation details and postoperative recovery

Table 4 presents postoperative complications. The
morbidity of pulmonary infection and DGE was
significantly higher in the EEN + PN group (10.3%
vs 3.6%, P = 0.024 and 16.1% vs 6.7%, P = 0.016,
respectively). In addition, the incidence of abdominal
cavity infection seemed to be higher in the EEN + PN
group (18.4% vs 10.3%, P = 0.059). No significant
differences were shown in other surgery-related
complications, involving bile leakage, pancreatic fistula,
intraperitoneal bleeding, gastrointestinal bleeding,
pulmonary embolism, chylous leakage or wound
infection (P > 0.05 for all). Four of 87 (4.6%) patients
in the EEN + PN group underwent unplanned second
operation for intraperitoneal hemorrhage (1 case),
severe choleperitonitis (2 cases) and intraperitoneal
bleeding combined with severe bile leakage (1 case),

Table 3 shows the details of intraoperative information
and postoperative recovery. There were no differences
between the two groups in maximum tumor diameter,
pancreatic/bile duct diameter, intraoperative bleeding
volume, proportion of retrocolic choledochojejunostomy
or combined vascular resection. However, the
nasogastric tube retention time in the EEN + PN group
was significantly longer (9 ± 0.2 d vs 5 ± 0.1 d, P =
0.006). The overall and postoperative hospitalization
time in the EEN + PN group tended to be longer than
those of the TPN group, although these were not
significantly different (32 ± 2 d vs 27 ± 1 d, p = 0.074;
and 25 ± 2 d vs 20 ± 1 d, p = 0.055). Finally, the
results showed that the total costs were significantly
higher in the EEN + PN group (USD10397.0 ± 861.2
vs USD8663.9 ± 239.2, P = 0.008).
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preferred, was replaced by enteral feeding in the
early 1990s. Hyperalimentation evolved into iso- or
even hypoalimentation, and standard formulas were
superseded by individually optimized ones, such as
immunonutrition. Nutritional feeding strategies have
switched from having a role as a primary provider
of basic substrates into a sustainer of optimal post
[24]
operative metabolic and immune status . Never
theless, there remains no agreement in studies
concerning the optimal postoperative PD feeding
strategy, so the ideal nutrition support mode remains
controversial. Enteral feeding after PD is proposed
[25]
applied routinely by European nutritional guidelines ,
[26]
however not for American guidelines .
Few research studies have evaluated the efficacy
and complications related to the nutrition pathway
(EEN + PN vs TPN) of the feeding strategies on
postoperative recovery following standard PD proce
dures. In the present study, nasojejunal feeding tube
placement was performed as the best enteral nutrition
pathway, because any unnecessary enterotomy is
a potential source of cumbersome complications.
Whether to implement EEN + PN or TPN depended
on the surgeon’s preference instead of the patient’s
condition. There was no difference in patients’ general
features, preoperative comorbidities existing before
surgery, or general conditions between the EEN + PN
and TPN groups, thus making the potential selection
bias negligible. Moreover, the current series results
suggested a homogeneous histological pattern,
lesion condition, surgical technique, postoperative
management, and most complications. Based on
our study, patients with EEN + PN following PD had
a higher incidence of DGE, pulmonary infection, and
probably intraperitoneal infection, which might account
for longer nasogastric tube retention time, longer
hospital stay and higher hospitalization expenses,
compared to administration of TPN.
DGE was originally described as “gastroparesis”
following pylorus-preserving PD. DGE is not lethal,
but invariably prolongs the hospital stay duration
significantly and increases hospital costs. According to
the ISGPS classification, grade A DGE was not taken
into account in our study due to our postoperative
protocol for preserving NGT for 3-7 d until NGT became
uncomfortable and the patient tolerated a liquid diet
intake. Our results indicated that postoperative grades
B and C DGE occurrence rate was 9.1%. Whether
added EEN would consequentially lower postoperative
DGE following PD remains unascertained. In our
study, patients dealt with EEN + PN had an increased
DGE incidence than those in the TPN group (16.1%
vs 6.7%, P = 0.016). Some studies have stated that
EEN (solely or combined with PN) was related to a
less DGE occurrence, lower cost and shorter length
[4,5,7,24,25,27-31]
of hospital stay compared with TPN
. One
theoretical explanation for lower DGE morbidity is
that NJT or feeding liquids stimulates gastrointestinal
[32,33]
peristalsis
. However, some other studies, including

Table 4 Postoperative complications n (%)

Bile leakage
Pancreatic fistulas
Intraperitoneal infection
Intraperitoneal bleeding
Gastrointestinal bleeding
Pulmonary infection
Pulmonary embolism
Chylous leakage
Wound infection
Delayed gastric emptying
Grade B
Grade C
Unplanned reoperation
In-hospital death
EN-related complications
Abdominal distention
Abdominal cramps
Vomiting
Diarrhea

EEN + PN
(n = 87)

TPN
(n = 253)

P value

7 (8.0)
13 (14.9)
16 (18.4)
1 (1.1)
4 (4.6)
9 (10.3)
0
1 (1.1)
8 (9.2)
14 (16.1)
9 (10.3)
5 (5.7)
4 (4.6)
2 (2.3)
28 (32.2)
17 (19.5)
15 (17.2)
10 (11.5)
9 (10.3)

12 (4.7)
27 (10.7)
26 (10.3)
10 (4.0)
11 (4.3)
9 (3.6)
1 (0.4)
3 (1.2)
23 (9.1)
17 (6.7)
11 (4.3)
6 (2.4)
7 (2.8)
4 (1.6)
-

0.280
0.334
0.059
0.301
1.000
0.024
1.000
1.000
1.000
0.016

0.482
0.204

EEN: Early postoperative enteral nutrition; PN: Parenteral nutrition; TPN:
Total parenteral nutrition.

and eventually, 2 of these patients died of multiple
organ dysfunction syndrome (MODS). Seven of
253 (2.8%) patients in the TPN group underwent
unexpected reoperation due to intraperitoneal bleeding
(3 cases), severe bile leakage (2 cases), complicated
anastomotic failure (1 case) and wound dehiscence (1
case), and 4 of these patients died from MODS and
serious systemic infection. There were no significant
differences in the incidence of unplanned reoperation
or in-hospital mortality (P = 0.482 and P = 0.204,
respectively).
Moreover, 28 (32.2%) patients in the EEN + PN
group developed EN-related complications, including
abdominal distention (17 cases), abdominal cramps
(15 cases), vomiting (10 cases) and diarrhea (9
cases), most of which were attenuated by decreasing
the enteral feeding infusion speed or by administering
prokinetic agents, and no discontinued enteral feeding
occurred in these patients.

DISCUSSION
Despite the fact that mortality following PD at many
pancreatic centers has decreased to less than 4%, the
incidence rate of postoperative complications remains
[12,22]
high, ranging from 34% to 50%
. Considering
the fact that preoperatively most patients undergoing
PD have significant weight loss or even cachexia due
to anorexia and malabsorption, and considering the
postoperative deficient oral intake duration as long as
[23]
10 d , nutritional debilitation might greatly contribute
to the high rate of complications, making perioperative
appropriate nutrition therapy necessary.
Nutritional therapy has evolved over decades.
Parenteral nutrition, which initially prevailed and was
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ours, have yielded opposite results. The proper
mechanisms might be that intraduodenal (or enteral)
transfusion of enteral nutrition solution inhibits gastric
motility through numerous enterogastric feedback
pathways including increased cholecystokinin release,
which suppresses gastric emptying in a dose[34-41]
dependent manner
. This theory was further
demonstrated by a later clinical research study of
EN-DGE. Several studies have elucidated the theory
of the gut adaptation to nutritional ingestion and
[42-44]
reduced negative feedback on gastric peristalsis
,
making early oral intake encouragement after surgery
indispensable, especially for patients suffering
[45,46]
from anorexia nervosa
. Furthermore, from our
perspective, the lack of universally validated EN
normalization for the indication, the optimal timing,
even the components, dose and concentration of
enteral nutrient solution corresponding with different
postoperative recovery periods made the EEN + PN
feeding strategies in our center unsuitable for many
patients.
Another interesting result was a more frequent
occurrence of pulmonary infection in the EEN +
PN group than the TPN group (10.3% vs 3.6%,
respectively, P = 0.024). Seven of nine patients
diagnosed with pneumonia in the EEN + PN group
had a prior history of vomiting, which could be
exacerbated by DGE-vomiting or NJT placement[47]
related presumed pulmonary aspiration . Moreover,
impaired respiratory mechanics and postoperative
mobility attributed to immediate postoperative jejunal
[48]
feeding
might also play a significant role in the
incidence of pneumonia following PD.
Many clinicians have favored changes in nutritional
strategies due to the insufficiency of evidence-based
data. Some scholars have expressed their dissent
concerning enteral feeding, arguing that compared
with TPN, immediate postoperative EN failed to lower
[9-11,34,48,49]
the postoperative morbidity rate
. In contrast,
it might be associated with an increased incidence
[34]
[13]
of DGE
and the development of chyle leakage ,
impaired respiratory mechanics and postoperative
[48]
mobility . Worse still, a number of cases of small
bowel necrosis have occurred during enteral feeding
[14,17]
after PD
. Furthermore, it was acknowledged that
postoperative EEN tended to trigger complications such
as diarrhoea, abdominal tympany, and abdominalgia,
[6,7]
which were named “EN-related complications” . In
the present study, 28 of 87 (32.2%) patients with
EEN + PN developed these complications. These
complications were principally due to edema induced
by digestive inadaptation to the colloid osmotic
pressure between the adtevak and the gut cavity, and
decreased motility of the gastrointestinal system after
[9,10,24,50]
surgery
.

EEN + PN following PD was associated with an
increased incidence of DGE and pneumonia, prolonged
nasogastric tube retention and increased hospitalization
expenses. Regardless of the mainstream view that
postoperative EN has many desirable effects, clinical
practitioners should be highly vigilant and aware of its
harmful impacts, such as DGE and aspiration-related
pneumonia. Discreet catheter care combined with an
isocaloric nutrition supply of the TPN might neutralize
the superiority of EN. Postoperative EN should only be
performed scrupulously and selectively (such as for
patients with a severe malnourished status). However,
due to the restriction of this single center retrospective
study, a sequence of RCTs should be implemented
to evaluate the impact of EN on the postoperative
morbidity rate and the optimal timing and dose
according to a variable postoperative recovery period.
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Background

Complications-related morbidity remains high after pancreaticoduodenectomy
(PD), and this could be partly attributed to nutritional debilitation. An ideal
nutrition support strategy remains controversial, and research evaluating the
efficacy of early enteral nutrition accompanied by parenteral nutrition (EEN +
PN) vs total parenteral nutrition (TPN) on postoperative recovery after PD is
lacking.

Research frontiers

Although most studies have shown that EEN seems to be superior to TPN in
enhancing immunocompetence, preserving intestinal structure and function,
and attenuating dissimilatory stress reactions, some studies have demonstrated
that EEN failed to lower the postoperative morbidity rate, and was even
associated with an increased incidence of delayed gastric emptying (DGE) and
chyle leakage, and impaired respiratory mechanics and postoperative mobility.
Moreover, EN-related digestive symptoms (such as diarrhoea, abdominal
tympany, and abdominalgia) could have a bad impact on caloric intake and
might cause interrupted EN.

Innovations and breakthroughs

This study investigated the postoperative outcomes between patients
undergoing TPN and EEN + PN after PD. The results suggest that EEN + PN is
associated with a higher incidence of DGE and pulmonary infection morbidity,
which might account for the longer nasogastric tube retention time, longer
postoperative hospital stay and higher hospitalization expenses. In authors’
opinion, EEN should only be performed cautiously and selectively.

Applications

The results show that EEN + PN was associated with higher DGE and
pulmonary infection morbidity, which might account for longer nasogastric tube
retention time, longer postoperative hospital stay and higher hospitalization
expenses. The conclusion is a wake-up call for surgeons to apply EEN
cautiously and selectively following PD.

CONCLUSION

Peer-review

Well prepared and conducted retrospective study of postoperative nutrition and

In this retrospective controlled series, postoperative
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energy management. Although it is controversial, this study well demonstrates
that EEN + PN may have more postoperative complications compared with
TPN after PD. Almost certainly, this effort will initiate controversy and launch
prospective studies to evaluate the conclusions. This study is a good start to
remind surgeons to pay more attention to postoperative management.
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Abstract
AIM: To investigate member 3a of Wingless-type
MMTV integration site family (Wnt3a) expression in
cancerous and surrounding tissues and the relationship
between clinicopathologic features of hepatocellular
carcinoma (HCC) and Wnt3a expression.
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METHODS: Wnt3a expression and cellular distribution
and clinicopathologic characteristics in cancerous
tissue and matched surrounding tissues were analyzed
in 80 HCC patients from January 2006 to August 2008
by tissue microarrays and immunohistochemistry. The
overall and disease-free survival rates were estimated
using the Kaplan-Meier method and compared with
the log-rank test. The prognostic analysis was carried
out with univariate and multivariate Cox regressions
models.
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RESULTS: T h e i n c i d e n c e o f o n c o g e n i c W n t 3 a
expression in the cancerous group was up to 96.25%
2
(77 of 80), which was significantly higher (χ = 48.818,
P < 0.001) than that in the surrounding group (46.25%,
37 of 80). Brown Wnt3a staining gradually increased
with clinical staging that showed very strong staining
in advanced HCC. The clinicopathologic features of
high Wnt3a expression in HCC were related to poorly2
differentiated grade (χ = 20.211, P < 0.001), liver
2
cirrhosis (χ = 8.467, P < 0.004), hepatitis B virus (HBV)
2
infection (χ = 12.957, P < 0.001), higher tumor-node2
metastasis stage (χ = 22.960, P < 0.001), and 5-year
2
survival rate (χ = 15.469, P < 0.001).
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ciated with HBV infection and cirrhotic liver might be
an independent prognostic factor for HCC.

in many kinds of tumors was correlated with a worse
[15-17]
outcome
. However, limited data are available
on the relationship between Wnt3a and HCC, and its
prognostic value remains to be explored. The objective
of the current study, therefore, was to investigate
alterations in the expression of oncogenic Wnt3a in
cancerous tissues and to explore its clinical utility as a
novel molecular marker for HCC prognosis.

Key words: Hepatocellular carcinoma; Prognosis;
Wnt3a; Wnt/β-catenin signal; Tissue microarrays;
Immunohistochemistry
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Protein expression of member 3a of Winglesstype MMTV integration site family (Wnt3a) was shown
to be increased progressively in hepatocarcinogenesis.
Oncogenic Wnt3a expression associated with HBV
infection and cirrhotic liver might be an independent
prognostic factor for hepatocellular carcinoma (HCC).
Survival analysis showed that HCC patients with high
Wnt3a expression had a significantly shorter survival
time compared with those low or no Wnt3a expression.

Liver specimen

Human liver cancer and surrounding tissues in this
study were obtained from 80 HCC patients who
underwent operations between January 2006 and
August 2008 at the Affiliated Hospital of Nantong
University, Jiangsu Province, China. The tissues
were immediately frozen in liquid nitrogen and
kept at -80 ℃ until required. The patient cohort
inclusion and exclusion criteria included: (1) accurate
pathologic diagnosis of primary HCC; (2) complete
clinicopathologic and follow-up data; and (3) previously
untreated, with surgery as the first treatment. Thus,
analysis of the data would reflect the actual impact of
tumor biology on the clinical outcome. This study was
approved by the Ethics Committee permission (No.
TDFY2013008) of the Affiliated Hospital of Nantong
University, and all patients signed informed consent.
The related important clinical information of each
patient was collected from their medical records.

Pan LH, Yao M, Cai Y, Gu JJ, Yang XL, Wang L, Yao DF.
Oncogenic Wnt3a expression as an estimable prognostic marker
for hepatocellular carcinoma. World J Gastroenterol 2016;
22(14): 3829-3836 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i14/3829.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i14.3829

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
[1,2]
common and rapidly fatal malignancies worldwide .
It develops mostly in cirrhotic livers, and risk factors
include chronic persistent infection by the hepatitis
B viruses (HBV) and C viruses (HCV) as well as non[3,4]
viral liver diseases . HCC is a highly chemo-resistant
cancer with no effective systemic or well-established
adjuvant therapies, and prognosis remains poor
[5,6]
because of its high recurrence . Hepatic resection or
transplantation is the only potential curative treatment
[7,8]
for HCC patients
. Unfortunately, the molecular
mechanisms of hepatocarcinogenesis remain poorly
understood. Recently, abnormal expression of some
key molecules in the Wingless (Wnt)/β-Catenin
pathway was associated with the development and
[9,10]
progression of HCC
. The Wnt proteins are secreted
glycoproteins that regulate multiple cellular events,
such as cell proliferation, differentiation, and apoptosis
through β-catenin- dependent canonical and β-cateninindependent non-canonical pathways, and play an
[11,12]
important role in HCC prognosis
.
The member 3a of Wnt-type MMTV integration site
[13,14]
family (Wnt3a) is a canonical Wnt ligand
. Its gene
is located on human 17 chromosome (17q21) and has
been regarded as an activator of the canonical Wnt
signaling pathway, inducing β-catenin accumulation
[13]
and activating the canonical Wnt signaling pathway .
Studies on human Wnt3a have focused primarily on its
key role in human malignancy, and its high expression

WJG|www.wjgnet.com

Clinical data of HCC patients

The patient characteristics are listed in Table 1. The
patient population consisted of 62 males and 18
females, with a median age of 51 years (range:
35-74). The sizes of tumors were 44 cases with > 5
cm and 36 with < 5 cm. α-fetoprotein (AFP) levels
were 28 cases with ≥ 400 ng/mL and 52 with <
400 ng/mL. The tumor number was 64 cases with
single and 16 with multiple. Tumor differentiation was
[18]
graded using the Edmondson grading system with 5
well-, 41 middle-, and 34 poor- differentiation. Tumor
staging was 36 cases (45%, 36 of 80) at Ⅰ and Ⅱ
and 44 cases (55%, 44 of 80) at Ⅲ and Ⅳ based on
th
the 6 edition of the tumor-node-metastasis (TNM)
classification of the International Union against Cancer
(IUAC). The incidence of hepatitis B surface antigen
(HBsAg) was 81.25% (65 of 80) in these HCC tissues,
and 63.75% (51 of 80) had a history of liver cirrhosis.
All patients had regular follow-up. The follow-up period
was defined as the duration from the date of the
operation to the date of either death or the last followup. The last follow-up was October 2013. Overall
survival (OS) was evaluated by the duration between
the dates of surgery and death. During the follow-up
period, a total of 48 patients died.

Pathologic examination and HCC diagnosis

Histopathologic examination of the livers with

3830

April 14, 2016|Volume 22|Issue 14|

Pan LH et al . Wnt3a in HCC
horseradish peroxidase conjugated goat anti-mouse
IgG (A21010; Abcam, Cambridge, United Kingdom)
for 15 min at 1:5000 dilution and washed again with
PBS. The sections were incubated in diaminobenzidine
solution, counterstained with hematoxylin, dehydrated
in ethanol, cleared in xylene, and cover-slipped. For
the negative control reactions, PBS was used instead
of the primary antibody.

Table 1 Clinical characteristics of hepatocellular carcinoma
patients
n

Parameter
Age (yr)
median (range)
Gender
Male
Female
Differentiation
Poor
Moderate
Well
Tumor number
Single
Multiple
Liver cirrhosis
Absent
Present
HBV infection
Absent
Present
Periportal embolus
Absent
Present
AFP (ng/mL)
< 400
≥ 400
TNM staging
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Five-year survival
Yes
No

51 (35-74)
62
18

Evaluation of the IHC findings

34
41
5

The results of IHC staining were assessed by two
independent pathologists without knowledge of
the clinicopathologic features. The percentages for
Wnt3a-positive cells were scored as follows: 0 (0%),
1 (1%-33%), 2 (34%-66%), and 3 (67%-100%).
Staining intensity was stratified into four categories: 0
(negative), 1 (weakly), 2 (moderate), and 3 (strongly).
The sum of the percentage and intensity score was
defined as the IHC staining score. According to above
criterion, the HCC tissues with Wnt3a expression were
divided into two groups: low with 0-2 scores and high
3-6 scores. The higher score for positive percentages
and staining intensity was taken as the final score
when there was a difference between duplicate tissue
scores.

64
16
29
51
15
65
9
71
52
28
36
44

Statistical analysis

32
48

Statistical analysis was carried out by using SPSS
software (version 20.0, Armonk, NY, United States).
The difference between HCC and para-cancerous
2
groups was analyzed by χ test. Quantitative
variables were analyzed by Mann-Whitney U test
(Z). The relationship between Wnt3a expression and
2
clinicopathological factors was analyzed by χ test.
Survival curves were calculated using the KaplanMeier method and compared by the log-rank test.
Factors shown to be of prognostic significance in the
univariate models were evaluated in a multivariable
Cox regression model. For all tests, the significance
level for statistical analysis was set at P < 0.05.

HBV: Hepatitis B virus; AFP: α-fetoprotein; TNM: Tumor-node-metastasis.

hematoxylin and eosin (HE) staining showed that all
cancerous tissues were accurate pathologic diagnosis
of HCC according to the World Health Organization
criteria. HCC diagnosis was confirmed according to
the criteria set by the Chinese National Collaborative
[18]
Cancer Research Group .

Tissue microarrays

All HCC tissues were stained by HE staining and
reviewed by two histopathologists. Representative
areas free from necrotic and hemorrhagic materials
were marked in paraffin blocks. Tissue cores (2.0 mm)
were taken from each representative tumor tissue and
peritumoral tissue to construct the tissue microarray
(TMA) slides.

RESULTS
Hepatic Wnt3a expression in cancerous and
surrounding tissues

The over-expression of hepatic Wnt3a and its cellular
distribution in cancerous or surrounding tissues
analyzed by immunohistochemistry with human antiWnt3a antibodies are shown in Figure 1. Positive Wnt3a
staining, identified as brown particles, was distributed
in the cytosol and the membrane of hepatocytes or
only a few cell nuclei. The incidence of hepatic Wnt3a
expression in cancerous tissues (96.25%, 77 of 80)
2
was significantly higher (χ = 48.818, P < 0.001)
than that in surrounding tissues (46.25%, 37 of 80).
Liver Wnt3a staining and its expression frequency in
cancerous or surrounding tissues are shown in Table
2. The liver Wnt3a staining scores were significantly

Immunohistochemistry

The TMA slides used for immunohistochemistry (IHC)
were deparaffinized, and peroxidase was quenched
with methanol and 3% H2O2 for 15 min. For antigen
retrieval, the sections were boiled under pressure in
citrate buffer (pH 6.0) for 3 min. After that, the tissues
were incubated for 120 min with primary mouse antiWnt3a (ab81614; Abcam, United Kingdom) at 1:50
dilution. Following washing with phosphate buffered
saline (PBS), the sections were incubated with

WJG|www.wjgnet.com
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A

B

C

D

HCC

Para-HCC

Figure 1 Analysis of hepatic Wnt3a expression and its cellular distribution by immunohistochemistry. The expression of hepatic Wnt3a was analyzed on
tissue microarrays by immunohistochemistry with the primary mouse anti-human Wnt3a antibody. The positive Wnt3a expression with brown staining particles was
distributed in the cytosol and membrane of hepatocytes and only a few cell nuclei. A and B: Strong straining of Wnt3a in hepatocellular carcinoma (HCC) tissues; C
and D: Light staining of Wnt3a in surrounding tissue. A and C: Original magnification × 400; B and D: Original magnification × 400.

Table 2 Incidence of liver Wnt3a expression and its scores with staining strength in cancerous and surrounding tissues
Group

n

HCC
Para-can

80
80

Wnt3a
Neg.

Pos.

3
43

77
37

χ2

P value

48.818

< 0.0011

Wnt3a strength
0

1-2

3-4

5-6

3
41

20
28

34
11

23
0

Z value

P value

8.274

< 0.0011

1

Compared with the para-cancerous group. HCC: Hepatocellular carcinoma; Para-can: Para-cancerous tissues; Neg.: Negative Wnt3a expression; Pos.:
Positive Wnt3a expression.

different (Z = 8.144, P < 0.001) between cancerous
tissues and surrounding tissues, with strong expression
(3-6 scores) in 71.25% (57 of 80) of cancerous tissues
and low or no expression (0-2 scores) in 86.25% (69
of 80) of surrounding tissues.

or 5.3% (two of 38) at Ⅲ staging, and 83.3% (five of
six) or 16.7% (one of six) at Ⅳ staging, respectively.
Brown Wnt3a expression was gradually increased in
different clinical stages, with very strong staining at
the advanced stage.

Relationship between Wnt3a expression and HCC
staging

Clinicopathologic characteristic of Wnt3a expression

The correlation between Wnt3a levels and the
clinicopathological parameters of 80 HCC patients
is shown in Table 3. High Wnt3a expression was
associated with poorly-differentiated grade (P < 0.001),
liver cirrhosis (P = 0.004), HBV infection (P < 0.001),
and higher TNM stage (P < 0.001). By contrast, there
were no significant associations between hepatic
Wnt3a expression and other clinicopathological
features, such as HCC patients’ gender or age, tumor
number, circulating AFP level, and periportal cancer
embolus.

The relationship between hepatic Wnt3a expression
and clinical staging of HCC is shown in Figure 2.
According to the IUAC clinical staging criteria of HCC
patients, there were nine cases at staging Ⅰ (11.25%,
9 of 80), 27 at Ⅱ (33.75%, 27 of 80), 38 at Ⅲ (47.5%,
38 of 80), and six at Ⅳ (7.5%, 6 of 80) among 80
cancerous tissues. The incidences of high or low Wnt3a
expression in HCC tissues were 22.2% (two of nine) or
77.8% (seven of nine) at Ⅰ staging, 51.9% (14 of 27)
or 48.1% (13 of 27) at Ⅱ staging, 94.7% (36 of 38)
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Clinical stage
Para-HCC

Ⅰ

Ⅱ

Ⅲ

Ⅳ

A1

A2

A3

A4

A5

B1

B2

B3

B4

B5

× 200

× 400

Figure 2 Expression of hepatic Wnt3a at different hepatocellular carcinoma stages. A1 and B1: Low or no Wnt3a expression in the para-cancerous tissues.
A2-A5 and B2-B5: The brown staining of Wnt3a gradually increases in cancerous tissues from stage Ⅰ to Ⅳ. A1-A5: Original magnification × 200; B1-B5: Original
magnification × 400.

Table 3 Clinicopathological characteristics of high Wnt3a expression in 80 hepatocellular carcinoma patients
Patients, n

Groups
Differentiation
Poor
Moderate
Well
Tumor number
Single
Multiple
Liver cirrhosis
Absent
Present
HBV infection
Absent
Present
Periportal embolus
Absent
Present
AFP (ng/mL)
< 400
≥ 400
TNM staging
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Five-year survival
Yes
No

% of total

Wnt3a high expression, n

% of total

34
41
5

42.50
51.25
6.25

31
26
0

91.18
63.41
0.00

64
16

80.00
20.00

44
13

68.75
81.25

29
51

36.25
63.75

15
42

51.72
82.35

15
65

18.75
81.25

5
52

33.33
80.00

9
71

11.25
88.75

4
53

44.44
74.65

52
28

65.00
35.00

39
18

75.00
64.28

36
44

45.00
55.00

16
41

44.44
93.18

32
48

40.00
60.00

15
42

46.88
87.50

χ2

P value

20.211

< 0.001

0.976

0.323

8.467

0.004

12.957

< 0.001

3.557

0.059

1.020

0.313

22.960

< 0.001

15.469

< 0.001

HBV: Hepatitis B virus; AFP: α-fetoprotein; TNM: Tumor-node-metastasis.

High Wnt3a expression with shorter survival in HCC

= 0.035) and HBV infection (P = 0.029), also showed
a statistically significant correlation with 5-year survival
rate based on Cox regression univariate analysis (Table
4). All these factors were enrolled in a multivariable
analysis. High Wnt3a expression (P < 0.001), liver

As expected, the overexpression of hepatic Wnt3a
showed a significant relationship with 5-year survival
of the 80 HCC patients (P < 0.001). Meanwhile, certain
HCC clinical prognostic factors, such as liver cirrhosis (P
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Table 4 Univariate and multivariable analysis of prognostic factors in hepatocellular carcinoma for 5-year survival
Variable

Univariate analysis

Age (yr)
≤ 60 vs > 60
Gender
Male vs female
Differentiation
Low vs high
Tumor number
Single vs multiple
Liver cirrhosis
Absent vs present
HBV infection
Absent vs present
Periportal embolus
Absent vs present
AFP (ng/mL)
< 400 vs ≥ 400
TNM staging
Ⅰ-Ⅱ vs Ⅲ-Ⅳ
Wnt3a expression
Low vs high

Multivariable analysis

HR

P >|z|

95%CI

HR

P > |z|

95%CI

0.828

0.662

0.355-1.930

1.005

0.990

0.440-2.296

1.037

0.914

0.539-1.993

0.867

0.720

0.397-1.893

2.101

0.035

1.053-4.195

2.021

0.033

1.057-3.864

0.327

0.029

0.120-0.892

0.325

0.010

0.138-0.765

0.499

0.360

0.113-2.210

0.938

0.725

0.655-1.342

0.686

0.318

0.328-1.436

5.656

< 0.001

2.682-11.926

3.651

< 0.001

1.973-6.757

HBV: Hepatitis B virus; AFP: α-fetoprotein; TNM: Tumor-node-metastasis.

Kaplan-Meier survival estimates, by WNT3a
1.0

DISCUSSION
HCC is one of the most frequently occurring tumors
[19]
worldwide
. Accumulating data have indicated that
the Wnt/β-catenin pathway is associated with tumor
progression by interacting with microenvironment
[20,21]
and oncogenesis
, and high expression of Wnt3a
in different kinds of tumors was related to worse
[12]
outcome . Wnt3a is an important regulator of HCC
cell growth in vitro, and induction of Wnt3a activates
the canonical Wnt pathway after binding with sulfatase
2 and glypican-3 and increases cell proliferation in
[22,23]
nude mouse xenografts in vivo
. However, limited
data was available until now on the relationship
between Wnt3a expression and HCC prognosis.
In this present study, therefore, the alterations of
oncogenic Wnt3a expression in cancerous tissues were
investigated, and it was confirmed that Wnt3a may be
a useful biomarker for HCC prognosis
Recent advances have shown that, apart from
autocrine stimulation by growth factors and the
dysregulation of different growth regulatory pathways,
the Wnt/β-catenin pathway is frequently involved in
[24,25]
hepatocarcinogenesis
. Growing evidence has
highlighted the key molecules of the Wnt/β-catenin
pathway in the control of HCC suppressors, growth,
[26-28]
invasiveness, and curability
. Wnt3a expression in
a large array of HCC tissues demonstrated that HCC
tissues exhibited unique immunostaining patterns
and that the staining was positively correlated with
the clinical stage. The incidence of oncogenic Wnt3a
expression in the cancerous group was significantly
higher than that in the surrounding tissue group. Brown

Low and no expression of WNT3a

0.8

0.6

0.4

High expression of WNT3a

0.2

0.0
0

20.0

40.0

60.0

Analysis time (mo)

Figure 3 Overall survival curves of 80 hepatocellular carcinoma patients.
The Wnt3a expression curves were calculated by the Kaplan-Meier method.
Survival curves of 80 hepatocellular carcinoma patients were made according
to cancerous tissues expressing a low or high level of Wnt3a (log-rank test, P <
0.001). The green line is the high Wnt3a group; and the blue line is the low or
without Wnt3a group.

cirrhosis (P = 0.033), and HBV infection (P = 0.010)
were all identified as independent predictive factors
for poor HCC outcome. The Kaplan-Meier survival
curves (Figure 3) demonstrated that HCC patients
with high Wnt3a expression had a significantly shorter
survival time compared to those with low or no Wnt3a
expression.
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malignancies worldwide. The oncogene member 3a of Wingless-type MMTV
integration site family (Wnt3a) is located on chromosome 17q21 and has been
regarded as an activator of the canonical Wnt signaling pathway. Some studies
on human Wnt3a have focused primarily on its key role in human malignancy
and its high expression in many kinds of tumors. However, little data is available
regarding HCC, and the prognostic value of Wnt3a remains to be explored.

Wnt3a staining was gradually increased with clinical
staging and showed very strong staining in advanced
HCC, indicating that hepatic Wnt3a expression might
be related to HCC progression.
The management of advanced HCC is entering a
new era of molecular targeting therapy, which is of
particular significance for HCC because of the lack of
effective systemic therapies for HCC. Although the
clinical significance of Wnt3a expression in tissue
has been demonstrated in different human malig
[13,14,16]
nancies
, little data until now was available on the
relationship between Wnt3a expression and HCC. In
this study, the clinicopathologic features of high Wnt3a
expression in HCC were reported and associated with
the poorly-differentiated grade, liver cirrhosis, HBV
infection, higher TNM stage, and a relatively shorter
survival time. Furthermore, univariate and multivariate
analyses suggested that high Wnt3a expression in HCC
patients might be an independent prognostic indicator,
[29,30]
like the factors liver cirrhosis and HBV infection
.
There are some possible limitations associated with
this study. We evaluated a relatively small number
of patients, and the study design was retrospective.
In addition, this study is limited by the inclusion of
only patients with resectable tumors. It is possible
that these findings pertain only to those patients who
have undergone resection. A larger prospective study
examining Wnt3a expression is necessary to validate
further the usefulness of this system. Inhibiting Wnt3a
overexpression may prevent invasive progression
and metastatic relapse, which would improve the
prognosis and quality of life for HCC patients after
hepatic resection. Targeting the Wnt3a pathway may
be a therapeutic strategy for HCC that could be used
in combination with conventional chemotherapy or
radiotherapy. Wnt3a may play an important role in
promoting HCC progression and metastasis.
In conclusion, to the best of our knowledge, this
is the first report to investigate cancerous Wnt3a
expression and to indicate that it may be a novel
prognostic marker for HCC. Multiple key factors along
the Wnt/β-catenin signaling cascade likely represent
potential diagnosis, prognosis, or therapeutic targets
[31,32]
as well
. Here, the findings are promising, and the
initial evidence confirmed that Wnt3a is one of the
key molecules in the Wnt/β-catenin pathway. Future
studies should clarify the molecular mechanisms of the
upregulation of oncogenic Wnt3a expression and its
[33,34]
important role in hepatocarcinogenesis
.

Research frontiers

Recently, Pan et al found that higher levels of circulating Wnt3a expression
(over 800 ng/L) were present in 92.5% HCC patients, and this elevation was
significantly related to α-fetoprotein (AFP) level, liver cirrhosis, hepatitis B virus
(HBV) infection, poor differentiation, tumor node metastasis, and extra-hepatic
metastasis. Wnt3a level in HCC was obviously higher than that in any other
group of benign liver diseases, except for 5.67% cirrhosis cases, suggesting
that Wnt3a expression was associated with tumor progression and that it may
be a novel specific biomarker for diagnosis and differentiation of HCC.

Innovations and breakthroughs

Some studies on human Wnt3a have focused primarily on its key role in human
malignancy, and its high expression in many kinds of tumors was correlated
with a worse outcome. The present data showed that the clinicopathologic
features of high Wnt3a expression in HCC were related to poorly-differentiated
grade, liver cirrhosis, HBV infection, higher tumor-node-metastasis (TNM)
stage, and 5-year survival rate, indicating that oncogenic Wnt3a expression
associated with HBV infection and cirrhotic liver might be an independent
prognostic factor for HCC.

Applications

The authors report for the first time that Wnt3a expression is a novel prognostic
marker for HCC. Multiple key factors along the Wnt/β-catenin signaling cascade
may also represent potential diagnosis, prognosis, or therapeutic targets. The
present findings are promising, and the initial evidence confirmed that Wnt3a is
a key molecule in the Wnt/β-catenin pathway and further studies should clarify
the molecular mechanisms of the upregulation of oncogenic Wnt3a expression
and its important role in hepatocarcinogenesis.

Terminology

Key molecules in the Wnt/β-catenin signaling pathway have been recognized
to play an important role in HCC. These molecules regulate multiple cellular
events through the β-catenin-dependent canonical pathway, such as Wnt1,
Wnt2, Wnt3, Wnt3a, Wnt8a, Wnt8b, Wnt10a, and Wnt10b, characterized by
the stabilization and subsequent nuclear transport of β-catenin, which result in
the activation of transcriptional responses; and the β-catenin-independent noncanonical pathway, including Wnt4, Wnt5a, Wnt5b, Wnt6, ont7a, Wnt7b, and
Wnt11, with more diverse and several different signaling modes that regulate
cell behavior.

Peer-review

This research study is well presented, and the reviewers enjoyed reading the
article, despite its limitations as a retrospective study. The main discovery
by the authors will likely generate further interest in the use of Wnt3a as a
molecular biomarker in HCC.
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Abstract

Clinical trial registration statement: Medical Information
Network Clinical Trial Registry (ID: UMIN000005112).

AIM: to determine the safety and efficacy of endo
scopic duodenal stent placement in patients with
malignant gastric outlet obstruction.

Informed consent statement: All the treatment procedures
were performed after obtaining the informed consent in writing
from the patients.

METHODS: This prospective, observational, multicenter
study included 39 consecutive patients with malignant
gastric outlet obstruction. All patients underwent
endoscopic placement of a nitinol, uncovered, selfexpandable metal stent. The primary outcome was
clinical success at 2 wk after stent placement that was
defined as improvement in the Gastric Outlet Obstruction
Scoring System score relative to the baseline.
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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

WJG|www.wjgnet.com

RESULTS: Technical success was achieved in all
duodenal stent procedures. Procedure-related compli
cations occurred in 4 patients (10.3%) in the form of
mild pneumonitis. No other morbidities or mortalities
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were observed. The clinical success rate was 92.3%.
The mean survival period after stent placement was
103 d. The mean period of stent patency was 149 d
and the patency remained acceptable for the survival
period. Stent dysfunction occurred in 3 patients (7.7%)
on account of tumor growth.

technique. The former technique takes much longer to
perform, and the placement procedure is complicated
[13]
and difficult .
The objective of this prospective single-arm
observation study was to determine the safety and
efficacy of endoscopic duodenal stent placement in
patients with malignant GOO, including postoperative
recurrence.

CONCLUSION: Endoscopic management using duodenal
stents for patients with incurable malignant gastric
outlet obstruction is safe and improved patients’ quality
of life.

MATERIALS AND METHODS
Patients

Key words: Duodenal stenosis; Gastrointestinal stent;
Gastric stenosis; Malignant tumors; Metallic stent

This was a prospective, observational, multicenter
study of consecutive patients with malignant GOO,
including postoperative recurrence, who were referred
to 3 hospitals in Japan (1 university hospital and 2
referral hospitals) for palliative treatment from April
2011 to June 2013. Surgery was contraindicated in
these patients, either because the lesion was not
resectable or because the patients had advanced
metastatic disease. Patients who had symptoms of
GOO and a Gastric Outlet Obstruction Scoring System
[14]
(GOOSS) score (0 = no oral intake, 1 = liquid diet, 2
= soft solid diet, 3 = low residue or normal diet) of ≤
2 were considered for inclusion in this study. Exclusion
criteria included age < 20 years; obstruction in the
proximal stomach, distal small intestine, or colon;
previous treatment with metal stent for the same
site; and contraindications for endoscopic therapy.
The study protocol was approved by the Institutional
Review Boards of the Ethics Committees at each
hospital and registered with the University Hospital
Medical Information Network Clinical Trials Registry
(ID: UMIN000005112). Written informed consent was
obtained from all patients.

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

Core tip: Endoscopic management using duodenal
stents for patients with incurable malignant gastric
outlet obstruction is safe and improved patients’ quality
of life.
Sasaki R, Sakai Y, Tsuyuguchi T, Nishikawa T, Fujimoto T,
Mikami S, Sugiyama H, Yokosuka O. Endoscopic management of
unresectable malignant gastroduodenal obstruction with a nitinol
uncovered metal stent: A prospective Japanese multicenter study.
World J Gastroenterol 2016; 22(14): 3837-3844 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i14/3837.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i14.3837

INTRODUCTION
Approximately 15%-20% of patients with various types
of gastrointestinal malignancies, such as gastric cancer
or pancreatic cancer, develop gastric outlet obstruction
[1]
(GOO) during the end stage of their disease . GOO
causes nausea, vomiting, and abdominal discomfort,
[2]
which diminish quality of life . The primary aim of
palliation for these patients is relief of obstructionrelated symptoms. Traditionally, GOO was treated using
open surgical bypass; however this procedure has been
reported to be associated with considerable morbidity
[3]
and mortality .
Recently, endoscopic placement of self-expandable
metal stents has emerged as an alternative, minimally
invasive treatment in cases of malignant GOO. The
reported technical success rates have ranged from 94%
to 100%, and the clinical success rates have ranged
[4-10]
from 84% to 97%
. Furthermore, stent placement
allows faster resumption of food intake, usually
tolerated the day after stent placement, and involves a
shorter hospital stay than surgical gastrojejunostomy
[4,11,12]
(GJ)
. Previously stent placement involved use
of an over-the-wire technique under fluoroscopy.
However, recent advances in devices technology have
led to stent placement using a through-the-scope

WJG|www.wjgnet.com

Procedures

The WallFlex duodenal stent (Boston Scientific Japan,
Tokyo, Japan) was used to treat all patients in this
study. A nitinol, uncovered, self-expandable metal
stent, available in lengths of 6, 9, and 12 cm, with a
body diameter of 22 mm and a flare diameter of 27
mm at the proximal and distal ends, was used. The
stent delivery system had a diameter of 10 Fr and
allowed stent placement through the scope.
If patients were suspected of having biliary
obstruction, biliary drainage by insertion of a selfexpandable metal stent was endoscopically performed in
advance or concurrent with duodenal stent placement.
Duodenal stent placement was performed with the
patient under conscious sedation. A forward-viewing
gastrointestinal endoscope (Olympus CF-H260AI;
Olympus Medical Systems, Tokyo, Japan) or a lateralviewing duodenoscope (Olympus TJF-260V; Olympus
Medical Systems) with a working channel diameter of ≥
3.7 mm was used depending on the site of the stricture.
The oral side of the stricture was confirmed by direct
endoscopic observation, and the length and shape of
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Figure 1 Case of hepatocellular carcinoma. A: Cholangiogram showing a biliary stricture caused by primary tumor and lymph node metastasis in the right hepatic
duct and middle bile duct (arrow heads); B: A self-expandable metal stent was inserted endoscopically; C, D: Coronal sections of contrast-enhanced computed
tomography images show duodenal invasion of lymph node metastasis (arrow heads); E: Endoscopic view showing the oral side of the stricture at the superior
duodenal angle; F: Injection of contrast material demonstrates a stricture in the second duodenal segment (arrow heads); G, H: A nitinol metal stent was placed in the
shape of the character “C” from the stomach pylorus to the third duodenal segment (G: Endoscopic view; H: X-ray); I: X-ray image taken 1 wk later shows sufficient
expansion and stability of the duodenal stent.

the stricture was assessed fluoroscopically (Figure 1).
A catheter and a guidewire were passed through the
stricture and the guidewire was used to position the
stent delivery system into the stricture. A stent length
of ≥ 2 cm longer than the stricture was selected. The
stent was deployed under continuous endoscopic and
fluoroscopic control. All procedures were performed by
therapeutic endoscopists who performed more than 100
endoscopic procedures per year.

included technical success, improvement in the World
Health Organization (WHO) performance score,
procedure-related complications, overall survival, and
stent patency, which was defined as the time period
between stent placement and stent dysfunction.
Technical success was defined as successful stent
placement and deployment at the site of stricture. The
2010 American Society for Gastrointestinal Endoscopy
consensus criteria were used to define and grade
[15]
complications .

Outcome and definitions

Data collection

The primary outcome measure of this study was clinical
success at 2 wk after stent placement. Clinical success
was defined as improvement in the GOOSS score
relative to the baseline score. Secondary outcomes

WJG|www.wjgnet.com

The following data were collected before stent
placement: age, sex, medical history, malignant GOO
type, clinical stage of cancer according to the TNM
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interval of 95%, a power of 80%, and a margin of
error of 10%. Furthermore, we estimated that as
many as 40 patients would be required to account for
possible loss of patients during follow-up.
Continuous variables were expressed as the mean,
median, standard deviation, standard error, and
interquartile range, whereas categorical variables were
expressed as counts and percentages. The Wilcoxon
signed-rank test was used to assess improvements in
the GOOSS score and WHO performance score relative
to the baseline scores. Kaplan-Meier analysis was used
to calculate overall survival and stent patency. SAS
version 9.3 (SAS Institute, Cary, NC, United States)
was used to perform all statistical analyses. The
significance level was set to P < 0.05.

Table 1 Baseline patients and stricture characteristics n (%)
Age, yr, mean ± SD (range)
Sex (M/F)
Primary malignancy,
Gastric cancer
Pancreatic cancer
Duodenal carcinoma
Extrahepatic cholangiocarcinoma
Intrahepatic cholangiocarcinoma
Ampullary carcinoma
Hepatocellular carcinoma (lymph node metastasis)
Clinical stage of cancer1
Stage Ⅲ2
Stage Ⅳ3
Altered gastrointestinal anatomy
Gastroduodenostomy after Billroth Ⅰ gastrectomy
Gastrojejunostomy after Billroth Ⅱ gastrectomy
Gastrojejunostomy after pancreatoduodenectomy
Gastrojejunostomy for surgical bypass
Location of stricture
Distal stomach
Duodenal bulb
Second duodenal segment
Second/third duodenal segment
Third duodenal segment
Anastmosis site (gastrostomy)
Stricture length, mm, mean ± SD (range)
GOOSS score before stent placement
0-no oral intake
1-liquid diet
2-soft solid diet
3-low residue or normal diet
WHO perfomance score
0-fully active
1-cannot carry out heavy physical work
2-up and about > 50% of the day
3-up and about < 50% of the day
4-bed or chair bound all day

69.2 ± 13.3 (35-90)
25/14
1 (43.6)
1 (41.0)
2 (5.1)
1 (2.6)
1 (2.6)
1 (2.6)
1 (2.6)
16 (41.0)
23 (59.0)
3 (7.7)
1 (2.6)
1 (2.6)
1 (2.6)

RESULTS

16 (41.0)
4 (10.3)
4 (10.3)
4 (10.3)
5 (12.8)
6 (15.4)
42.6 ± 19.8 (15-93)

Baseline characteristics

A total of 39 patients [25 men, 14 women; age (mean
± SD): 69.2 ± 13.3 years] underwent duodenal
stent placement between April 2011 and June
2013. The patient characteristics are summarized in
Table 1. Of the included patients, 17 (43.6%) were
diagnosed as having gastric cancer. The remaining
patients had pancreatic cancer (16 patients, 41.0%),
duodenal cancer (2 patients, 5.1%), extrahepatic
cholangiocarcinoma (1 patient, 2.6%), intrahepatic
cholangiocarcinoma (1 patient, 2.6%), ampullary
carcinoma (1 patient, 2.6%), and hepatocellular
carcinoma (1 patient, 2.6%). A pathological diagnosis
of malignancy was made for 31 patients (79.5%). Six
patients (15.4%) with altered gastrointestinal anatomy
had strictures in the surgical anastomosis. Sixteen
patients (41.0%) had stricture in the distal stomach,
whereas 17 patients (43.6%) had strictures in the
duodenum. Before stent placement, 16 (41.0%), 18
(46.2%), 5 (12.8%), and 0 (0%) patients had GOOSS
scores of 0, 1, 2, and 3, respectively.

16 (41.0)
18 (46.2)
5 (12.8)
0
7 (17.9)
8 (20.5)
13 (33.3)
9 (23.1)
2 (5.1)

1

TNM classification system (ref.); 2Including stage ⅢB and ⅢC of gastric
cancer; 3Including stage ⅣA of intrahepatic cholangiocarcinoma and
hepatocellular carcinoma. GOOSS: Gastric outlet obstruction scoring
system; WHO: World Health Organization.

[16]

classification system , obstruction site, GOOSS score,
and WHO performance score. After stent placement,
follow-up data were obtained during inpatient clinic
visits when the patient was still hospitalized or during
outpatient clinic visits. GOOSS scores and WHO
performance scores were collected at 2 wk. The
following data were collected until patient death or 18
mo postprocedure: procedure-related complications,
additional therapy (chemotherapy, radiotherapy), and
stent dysfunction. We confirmed stent dysfunction in a
gastrointestinal contrast study and by endoscopy when
GOO symptoms recurred.

Procedural details

Technical success was achieved in 39 patients (100%).
The duodenal stent was placed at the oral side of the
papilla in 23 patients (59.0%), on the papilla in 6
patients (15.4%), and at the anal side of the papilla in
10 patients (25.6%). Procedure-related complications
occurred in 4 patients (10.3%) in the form of mild
pneumonitis. No other morbidities or mortalities were
observed.

Clinical success

Statistical analysis

Clinical success was achieved in 36 of the 39 patients
(92.3%). There was no increase/decrease in the
GOOSS score for 3 patients (Figure 2A). The GOOSS
scores for these patients were 0, 1, and 2, respectively.
Oral intake inability in a patient whose GOOSS score
remained 0 was caused by progression of a peritoneal
carcinomatosis. At inclusion, the mean GOOSS score

The sample size was calculated on the basis of clinical
success after stent placement. Previous reported
data indicated that the clinical success rate was
[4-10]
approximately 90%
. Consequently, we estimated
that 35 patients would be required to assess the
duodenal stent clinical success rate with a confidence
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A

18

Table 2 Procedure details and study outcomes n (%)

16

Technical success
Relationship of the papilla and stent placement site
Oral side of the papilla
On the papilla
Anal side of the papilla
Procedure related complication
Aspiration pneumonitis
Bleeding 0
Perforation 0
Cholangitis 0
Motality disorder 0
Clinical success
Additional treatment of malignancy after stent
placement
Chemotherapy
Chemoradiation
Survival after stent placement, d
Median (IQR)
mean ± SE
Stent patency, d
Median
mean ± SE
Stent dysfunction
Stent ingrowth
Stent overgrowth
Stent compression
Stent migration
Food impaction

14

Frequency

12
10
8
6
4
2
0

-2

-1

±0

+1

+2

+3

Difference in GOOSS score from baseline

B

3.0

Mean GOOSS score ± 2 SE

2.5
2.0
1.5
1.0
0.5

39 (100)
23 (59.0)
6 (15.4)
10 (25.6)
4 (10.3)
0
0
0
0
36 (92.3)

15 (38.5)
1 (2.6)
50.0 (25.0-152.0)
102.9 ± 18.2
Not available
149.6 (7.2)
2 (5.1)
1 (2.6)
0
0
0

IQR: Interquartile range.

0.0
Baseline

After 14 d

was 149 d (Figure 3). Stent patency was > 200 d in 2
patients, > 300 d in 2 patients, > 400 d in 1 patient,
and > 500 d in 1 patient. All 6 patients with altered
gastrointestinal anatomy died without recurrence of
GOO symptoms, and the maximum period of stent
patency was 77 d. All 3 patients with stent dysfunction
underwent reintervention involving stent-in-stent
placement of the duodenal stent, and all of them died
without experiencing recurrent stent dysfunction. The
stent patency periods after reintervention were 41, 73,
and 88 d, respectively.

Figure 2 Differences between the Gastric Outlet Obstruction Scoring
System score at baseline and at 14 d after stent placement are shown
(A) and the mean Gastric Outlet Obstruction Scoring System scores at
baseline and after 14 d are shown (B). P-value of the Wilcoxon signed-rank
test comparison was < 0.0001. GOOSS: Gastric Outlet Obstruction Scoring
System.

was 0.69 (Figure 2B). After 14 d of duodenal stent
placement, the mean GOOSS score significantly
improved to 2.21 (P < 0.0001). On the other hand,
there was no significant difference in the WHO
performance score before and after duodenal stenting
(mean, 1.77 vs 1.95, P = 0.57).

DISCUSSION

Survival

We prospectively evaluated outcomes of endoscopic
management using a nitinol metal stent in patients
with malignant GOO. In this study, the clinical success
rate was 92.3%. Recent prospective multicenter
studies have reported similar clinical success rates
[17-21]
ranging from 85% to 91%
. Our study showed that
the stent patency period was acceptable for the patient
survival period.
Endoscopic stent placement or surgical GJ are
commonly used palliative treatments for malignant
GOO. It has been reported that patients who have
undergone stent placement require a shorter time
to achieve oral intake and a shorter hospital stay
[4,11,12]
than those who have undergone surgical GJ
.
In a previous study, better physical health scores
were obtained 1 mo after stent placement than

After duodenal stenting, 15 patients (38.5%) received
chemotherapy as an additional treatment of mali
gnancy, and 1 patient (2.6%) received chemoradiation.
Thirty-eight patients died during and 1 was alive at the
end of the follow-up period. The median survival period
of the 39 patients was 50 d, and the mean period was
103 d (Table 2). Four patients survived > 200 d, 2
survived > 300 d, 1 survived > 400 d, and 1 survived
> 500 d.

Stent patency

During the follow-up period, 3 patients (7.7%)
experienced stent dysfunction, which was caused by
tumor growth in all 3 patients. No patient had stent
migration (Table 2). The mean period of stent patency
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observed.
The currently available duodenal stents are the
[8,17,18,20]
braided nitinol metal type
. Some studies have
examined radial force as an expanding force and axial
force as a force for recovery to a straight position
[28]
for various structures and materials in biliary
and
[29]
esophageal metal stents but not in duodenal stents.
In esophageal stents, braided nitinol metal stents were
reported to have a lower radial force and a higher axial
[29]
force than non-braided stents . Because the axial
[28]
force decreases with an increase in stent length ,
kinking and intestinal damage may be prevented by
selecting a long stent in the duodenum (Figure 1).
Duodenal stents of various structures and materials
should be examined to reduce stent dysfunction.
There were some limitations in the present
study because we did not conduct a comparative
investigation. First, we did not compare metal stent
types, such as covered vs uncovered metal stents,
the structure and material used, or the stent length.
Second, stent placement techniques, such as the
over-the-wire technique under fluoroscopy and the
through-the-scope technique, were not compared.
Third, we did not compare endoscopic stenting for
malignant GOO with other endoscopic management
approaches, such as endoscopic GJ. Van Hooft et
[30]
al
reported a prospective multicenter study of
endoscopic GJ that used a magnetic anastomotic
device and transanastomotic deployment of stents. In
[31]
an animal study, Itoi et al
reported an endoscopic
ultrasonography-guided GJ technique using a doubleballoon enteric tube and a bilateral reflected metal
stent. Stent dysfunction may be less likely to occur in
routes that avoid the malignant obstruction section
than in routes that include the malignant obstruction
section. A randomized controlled trial of endoscopic
duodenal stenting vs endoscopic GJ for malignant GOO
is required.
In conclusion, this prospective multicenter study
showed that placement of a nitinol, uncovered, selfexpandable metal stent in patients with incurable
malignant GOO was safe and improved their quality of
life.

1.0

Stent patency

0.8

0.6

0.4

0.2

0.0
0

100

200

300

400

500

t /d

Figure 3 Kaplan-Meier curve showing stent patency.
[22]

after laparoscopic GJ , whereas fewer recurrent
obstructive symptoms were associated with surgical
GJ than with stent placement. The SUSTENT study
results suggest that GJ should be primarily considered
for patients with an expected survival of ≥ 2 mo and
that stent placement should be primarily considered
[23]
for patients with a shorter anticipated survival .
However, in this study, some patients, even those
with unresectable malignancies, survived longer after
chemotherapy. Moreover, long-term stent patencies
were also observed. Further investigation to determine
if duodenal stenting should be performed in patients
with prognoses expected to be ≥ 2 mo is necessary.
The major late complication associated with duodenal
stents was obstruction, which was caused by tumor
ingrowth or overgrowth. However, reintervention
for obstructed duodenal stents is noninvasive and
[24]
effective . In addition, in this study, reintervention to
correct an obstructed duodenal stent was technically
and clinically successful. Patients at the end stage
of cancer do not tolerate invasive procedures, and
their life expectancy is relatively short; thus, stent
placement is preferred for such patients.
In a previous report of uncovered stents for mali
gnant GOO, approximately 19% of patients had tumor
[25]
ingrowths . If the origin of obstructive malignancies
was intraluminal, such as gastric cancer and duodenal
cancer, then tumor ingrowth was often induced by
uncovered stents. Extraluminal malignancies have a low
[26,27]
risk of causing tumor ingrowth
. In a prospective
[9]
[10]
cohort study and a randomized controlled trial
of
covered vs uncovered metal stents for malignant GOO,
there were no differences in the clinical success rate
and stent patency but there was a difference in the
pattern of late stent failure. In addition, stent migration
occurred more frequently for covered stents than for
uncovered stents, and restenosis caused by tumor
ingrowth occurred more frequently for uncovered
[9,10]
stents
. Similarly, in the present study using
uncovered metal stents, there was no stent migration,
and only stent dysfunction due to tumor growth was
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Abstract

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

AIM: To investigate whether autofluorescence imaging
(AFI) endoscopy can distinguish non-erosive reflux
disease (NERD) from functional heartburn (FH).

Clinical trial registration statement: This study is registered at
https://clinicaltrials.gov/ct2/results?term=NCT01504971&Search
=Search. The registration identification number is NCT01504971.

METHODS: In this prospective observational trial, 127
patients presenting with typical reflux symptoms for
> 6 mo were screened. All the participants underwent
endoscopy, during which white light imaging (WLI)
was followed by AFI. Finally 84 patients with normal
esophageal appearance on WLI were enrolled. It was
defined as being suggestive of NERD if one or more
longitudinal purple lines longer than one centimeter
were visualized in the distal part of the esophagus
during AFI endoscopy. Ambulatory 24-h multichannel
intraluminal impedance and pH monitoring was also
performed. After standard proton-pump inhibitor (PPI)
tests, subjects were divided into an NERD group and
an FH group and the diagnostic performance of AFI
endoscopy to differentiate NERD from FH was evaluated.
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RESULTS: Of 84 endoscopy-negative patients, 36
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[1,2]

(42.9%) had a normal pH/impedance test. Of these,
26 patients with favorable responses to PPI tests
were classified as having NERD. Finally 10 patients
were diagnosed with FH and the others with NERD.
Altogether, 68 (81.0%) of the 84 patients were positive
on AFI endoscopy. In the NERD group, there were 67
(90.5%) patients with abnormal esophageal findings on
AFI endoscopy while only 1 (10%) patient was positive
on AFI endoscopy in the FH group. The sensitivity and
specificity of AFI in differentiating NERD from FH were
90.5% (95%CI: 81.5%-96.1%) and 90.0% (95%CI:
55.5%-99.7%), respectively. Meanwhile, the accuracy,
positive predictive value and negative predictive value
of AFI in differentiating between NERD and FH were
90.5% (95%CI: 84.2%-96.8%), 98.5% (95%CI:
92.1%-99.9%) and 56.3% (95%CI: 30.0%-80.2%),
respectively.

invasive diagnostic tests . Autofluorescence imaging
(AFI) is capable of identifying indistinct mucosal
[3,4]
lesions
invisible on conventional endoscopy. Trimodal endoscopy, which combines AFI with white
light imaging (WLI) and narrow band imaging, has
been used to screen for early stage gastrointestinal
cancer. Recently, AFI endoscopy was shown to be
[5]
useful in predicting acid reflux . As is known to all,
NERD is characterized etiologically by pathologic
reflux, whereas FH is not. Whether AFI endoscopy is
capable of differentiating NERD from FH has not yet
been determined. This study aimed to investigate the
diagnostic performance of AFI video endoscopy to
distinguish NERD from FH in patients with typical reflux
symptoms but no mucosal breaks in the esophagus on
WLI.

CONCLUSION: Autofluorescence imaging may serve
as a complementary method in evaluating patients with
NERD and FH.

MATERIALS AND METHODS
Study subjects

The study protocol was approved by the Ethics
Committee of Chinese PLA General Hospital and
conformed to the principles of the Declaration of
Helsinki. This trial has been registered at ClinicalTrials.
gov (ID: NCT01504971). Written informed consent
was obtained before each participant was enrolled.
In this prospective observational trial, consecutive
patients with typical heartburn and/or regurgitation
for > 6 mo were screened in Chinese PLA General
Hospital between 2012 and 2014 (Figure 1). All
patients underwent gastroscopy with both WLI and AFI
functioning. Ambulatory impedance and pH monitoring
was also performed. All participants were subsequently
assessed by standard proton-pump inhibitor (PPI) tests.
Patients with any symptom suggestive of esophageal
motility disorders other than gastroesophageal
reflux disease (GERD) were assessed by esophageal
manometry.
Patients aged 18-75 years and with negative
esophageal findings on WLI were eligible for this study.
Patients would not be included if they had any known
esophageal disease, including esophagitis or Barrett’s
esophagus; gastric or duodenal ulcer (except scarring);
a previous history of thoracic or upper gastrointestinal
(GI) surgery; clinically significant heart, lung, liver, or
kidney disease; or pregnancy.

Key words: Gastroesophageal reflux disease; White
light imaging; Non-erosive reflux disease; Functional
heartburn; Autofluorescence imaging; Ambulatory 24-h
pH/impedance monitoring; Endoscopy; Esophagitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To date, few efforts have been put on
the application of autofluorescence imaging (AFI)
endoscopy in patients with non-malignant conditions
such as gastrointestinal reflux disease (GERD). Our
data showed that endoscopic features on AFI can
distinguish non-erosive reflux disease (NERD) from
functional heartburn (FH). Its real-time characteristics
and simple endoscopic criteria may enhance the use
of AFI as a complementary tool in the differentiation
of NERD and FH. We believe that these findings have
important implications for future research on the
application of AFI endoscopy in patients with GERD.
Luo X, Guo XX, Wang WF, Peng LH, Yang YS, Uedo N.
Autofluorescence imaging endoscopy can distinguish non-erosive
reflux disease from functional heartburn: A pilot study. World J
Gastroenterol 2016; 22(14): 3845-3851 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3845.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3845

Esophagogastroduodenoscopy

Before endoscopic examination, antisecretory therapy,
including PPIs and histamine-2 receptor antagonists,
was discontinued for no less than 1 mo. Oral antacid
was allowed as rescue medication during wash-out
period. Gastroscopy was performed using a FQ260Z
endoscope (Olympus Inc., Tokyo, Japan), equipped
with multiple charged coupled devices for both highdefinition WLI and AFI. During endoscopic examination,
the upper GI tract was carefully visualized using WLI,
with the presence of a normal or abnormal esophagus

INTRODUCTION
Functional heartburn (FH) and non-erosive reflux
disease (NERD) share common manifestations,
including the presence of reflux symptoms and the
absence of esophageal abnormalities on conventional
endoscopy. These common manifestations make it
difficult to distinguish between FH and NERD without
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Assessed for eligibility (n = 127)

Table 1 Demographics and clinical features
Patients (n = 84)

Characteristic

Excluded (n = 13) for a previous
history of upper gastrointestinal
surgery, chronic liver or renal disease,
refusal to pH-metry

Mean age (yr)
Gender (male:female)
BMI (kg/m2)

49.0 ± 12.6
39:45
24.1 ± 3.7

Data are expressed as mean ± SD. BMI: Body mass index.
Endoscopy (AFI + WLI)
[6,7]

50%

Excluded (n = 27) for erosive
esophagitis, Barrett’s esophagus,
peptic ulcer, upper gastrointestinal
neoplasm

.

Diagnosis of NERD and FH

A diagnosis of NERD was reached when the endoscopynegative patients presented a positive pH/impedance
[8,9]
[8]
or PPI test . Consistent with Rome Ⅲ criteria ,
patients with normal esophageal findings on WLI were
diagnosed with FH if they had normal pH/impedance
monitoring results and negative PPI tests.

pH/impedance monitoring

Excluded (n = 3) for intolerance to
pH-metry

Statistical analysis

Data are expressed as mean and standard deviation.
The subjects were divided into an NERD group and
an FH group. The diagnostic performance of AFI for
differentiating NERD from FH was calculated, using
the sensitivity, specificity, accuracy, positive predictive
value and negative predictive value with 95%CI.
SPSS software (SPSS version 11.5, Chicago, IL,
United States) was applied for statistical analyses.
The diagnostic performance of different measures was
evaluated using the McNemar test.

Inclusion (n = 84)

Figure 1 Flow diagram illustrating patients enrolled in the present study.
AFI: Autofluorescence imaging; WLI: White light imaging.

documented. The video endoscope was subsequently
switched to AFI mode and the esophagus again
examined. It was defined as being suggestive of NERD
if one or more longitudinal purple lines longer than
one centimeter were visualized in the distal part of the
esophagus during AFI endoscopy.

RESULTS

Ambulatory pH and impedance monitoring

Demographic features

Ambulatory 24-h multichannel intraluminal impedance
and pH monitoring was performed using the routine
[5]
protocol of our department . Briefly, a catheter (Sierra
Scientific Instruments Inc., Los Angeles, CA, United
States) was inserted transnasally and the pH sensor
was sited 5 cm above the lower esophageal sphincter
(LES) with the impedance recording segments
positioned at 3, 5, 7, 9, 15 and 17 cm above the upper
border of the LES. The catheter was connected to a
data storage device programmed by an AccuTrac pH-Z
System (Sierra Scientific Instruments Inc, Los Angeles,
CA, United States). Patients were asked to record a
diary of their symptoms and activity, including the time
of rising in the morning, times in the supine position
and meal times, as well as the onset of symptoms.
AccuView analysis software (Sierra Scientific Instru
ments Inc, Los Angeles, CA, United States) was used
to identify acid and non-acid episodes. Symptom
association probability (SAP) and symptom index
(SI) were assessed to determine the relationship of
symptoms with acid, weakly acid or weakly alkaline
reflux during monitoring. A positive pH/impedance
test was defined as (1) acid exposure time more than
4.2% of monitoring time; (2) SAP ≥ 95%; or (3) SI >

WJG|www.wjgnet.com

Of the 127 consecutive patients with typical reflux
symptoms screened for this study, 43 were excluded
due to a previous history of upper gastrointestinal
surgery, erosive esophagitis, Barrett’s esophagus,
peptic ulcer, upper gastrointestinal neoplasm, chronic
liver or renal disease, or intolerance to pH-metry.
Finally, 84 patients with negative esophageal findings
on WLI were enrolled; their demographic and clinical
characteristics are shown in Table 1.

Yield of pH/impedance monitoring and PPI test

Of 84 eligible participants, 48 (57.1%) were positive on
pH/impedance tests (Figure 2), suggesting a diagnosis
of NERD. Of 36 patients (42.9%) with normal pH/
impedance results, 26 benefitted from PPI tests and
were classified as having NERD and the remaining 10
patients were classified as having FH.

Diagnostic value of AFI endoscopy

Altogether, 68 (81.0%) of the 84 patients were
positive on AFI endoscopy (Figure 3) and the others
were negative (Figure 4). Of 74 patients diagnosed
with NERD, 67 had abnormal AFI findings (Table
2), giving this test a sensitivity of 90.5% (95%CI:
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A

FH
11.9%

57.1%

31.0%

NERD

B

pH/impedance test+
pH//impedance test- and PPI+
pH//impedance test- and PPI-

Figure 2 Categorization of patients by means of pH/impedance and
proton-pump inhibitor test. PPI: Proton-pump inhibitor; FH: Functional
heartburn; NERD: Non-erosive reflux disease.

A

Figure 4 Images in a patient with functional heartburn. A: A normal
appearance of esophageal mucosa on WLI; B: A normal esophagus on AFI.
AFI: Autofluorescence imaging; WLI: White light imaging.

Table 2 Results of autofluorescence imaging endoscopy in
the differential diagnosis between non-erosive reflux disease
and functional heartburn

B

AFI
Positive
Negative
Total

NERD

FH

Total

67
7
74

1
9
10

68
16
84

McNemar test, P = 0.07. AFI: Autofluorescence imaging; NERD: Nonerosive reflux disease; FH: Functional heartburn.

DISCUSSION
In the present study, patients with typical reflux
symptoms were investigated using AFI endoscopy
as well as 24-h pH and impedance tests. Our results
showed that AFI was able to identify differences in
endoscopic features between NERD and FH. Thus,
AFI endoscopy may have potential in distinguishing
between these two diseases.
AFI, which was incorporated into a Tri-modal
Imaging Endoscope system, has been increasingly
[10-12]
used in the assessment of Barrett’s esophagus
and
the appearance of purple areas on a green background
indicates the neoplastic changes that occur in Barrett’s
esophagus. Changes in coloration of the gastrointestinal
tract revealed by AFI, however, do not represent

Figure 3 Images in a patient with non-erosive reflux disease. A: A normal
appearance of esophageal mucosa on WLI; B: Longitudinal purple lines on AFI.
AFI: Autofluorescence imaging; WLI: White light imaging.

81.5%-96.1%) and a specificity of 90.0% (95%CI:
55.5%-99.7%). Meanwhile, the accuracy, positive
predictive value and negative predictive value of
AFI in differentiating between NERD and FH were
90.5% (95%CI: 84.2%-96.8%), 98.5% (95%CI:
92.1%-99.9%) and 56.3% (95%CI: 30.0%-80.2%),
respectively.
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one type of neoplasia-specific manifestations, as AFI
cannot identify the direct features of gastrointestinal
neoplasms, such as loss of micro-architecture regularity
and/or disruption of normal capillary patterns in the
superficial layer of lesions. It was found that changes
in tissue components, regardless of whether they
are caused by neoplasia or inflammation, alter the
[13-15]
density of autofluorescence emitted from lesions
.
These findings suggest that AFI may also be useful to
evaluate diseases caused by inflammation, such as
[5]
esophagitis .
Differentiating NERD from FH remains challen
[8]
ging , as both disorders share similar clinical mani
festations, such as reflux symptoms and normal
esophageal appearance on traditional endoscopy.
The responsiveness to PPI tests is diagnostic of GERD
and excludes the possibility of FH, but the converse
is not necessarily true because the response rate of
NERD to PPI therapy was reported to be low, around
[16-18]
37%-73%
. These findings indicate that more than
one quarter of patients with NERD are refractory to
PPIs, making it difficult to distinguish between NERD
and FH. Routine methods of evaluating patients with
persistent reflux symptoms after PPI tests include
esophagogastroduodenoscopy and esophageal pH
monitoring. Various new techniques have been
introduced, including esophageal histopathological
analysis and esophageal impedance monitoring, in
order to improve the clinical management of patients
suspicious for NERD and FH. This study describes a new
method using AFI to differentiate between NERD and
FH. The presence of purple lines in the distal esophagus
on AFI, which are indistinct on standard endoscopy,
is considered diagnostic of GERD, including erosive
esophagitis and NERD. Moreover, the endoscopic
features identified by AFI were found to correlate with
[5]
pathologic reflux . GERD is characteristic of reflux from
the stomach to the esophagus, but no reflux underlies
FH. Therefore positive findings on AFI may help
distinguish NERD from FH.
Our results showed the diagnostic value of AFI in
distinguishing between NERD and FH was promising,
with a sensitivity of 90.5% and a specificity of 90%.
These findings were comparable to results obtained with
other new diagnostic modalities, such as identification
of microscopic esophagitis and analysis of esophageal
[19,20]
baseline impedance
. Microscopic esophagitis, which
is considered a histological marker of both erosive
[21,22]
esophagitis and NERD
, can be observed in the
distal esophagus of almost all patients with erosive
[21,23]
esophagitis and in 70%-76% of those with NERD
.
Recently, it was reported that histological evaluation of
biopsy specimens from the distal esophagus of patients
with reflux symptoms to show the presence or absence
of microscopic esophagitis was capable of differentiating
NERD from FH, with a sensitivity of 74% and an
[19]
accuracy of 79% . Also, change in baseline impedance
was found to be a marker of pathological reflux, which

WJG|www.wjgnet.com

can distinguish NERD from FH with a sensitivity of 78%
[20]
and a specificity of 71% . In addition, prolonged
wireless esophageal pH monitoring was found to have
a higher sensitivity in identifying NERD than 24-h pH
monitoring. Nearly one-third of patients who fulfilled the
Rome Ⅲ criteria for FH were found to have NERD after
[24]
esophageal pH monitoring for > 48 h .
Although symptom-based approaches are favored in
the initial diagnosis of GERD, endoscopic examination is
always recommended for patients who do not respond
to PPI tests, and patients suspicious for Barrett’s eso
[9,25]
phagus
. AFI may improve the diagnostic yield of
dysplasia or early stage malignancy in the esophagus.
Recent studies showed both second and third generation
AFI systems were more effective than first generation
[26-29]
systems in detecting early neoplastic lesions
. Our
findings suggest that, in addition to neoplastic disease,
AFI may also be helpful in the diagnosis of NERD. Its
advantages, including real-time evaluation and simple
diagnostic criteria, imply that AFI may serve as a
complementary method in differentiating NERD from
FH. As stated above, other new diagnostic methods,
[24]
such as prolonged wireless esophageal pH monitoring
[22]
and identification of microscopic esophagitis , may
also be useful in distinguishing between NERD and
FH. However, esophageal impedance and wireless pH
[24]
monitoring cannot be performed simultaneously ,
[30]
reducing the ability to diagnose non-acid reflux . In
addition, microscopic esophagitis has shown limitations
in identifying NERD, as nearly 20% of patients with
[22]
NERD showed no evidence of microscopic esophagitis .
As none of the above diagnostic modalities is perfect,
how to choose these methods is needed to be optimized
for patients with suspicion of NERD or FH.
One limitation of this study is the lack of esophageal
biopsies. Microscopic esophagitis in the distal esophagus
due to reflux may change tissue components, such
[31]
as collagen and other fluorescent substances ,
attenuating AFI. However, we had no histopathological
evidence to support this hypothesis, suggesting the
need for further studies combining endoscopic and
histopathological methods. Another limitation was that
repeated AFI was not performed after PPI treatment in
patients positive on AFI. It is unclear whether standard
PPI treatment reverses abnormal findings on AFI.
Previous data showed that treatment with omeprazole
for 6 mo completely restored dilated intercellular
[32]
spaces , which are considered characteristic of micro
[22]
scopic esophagitis in NERD . It implied that positive
AFI findings are likely to diminish after PPI therapy.
Further studies are needed to clarify the duration of PPI
treatment required to reverse positive AFI findings.
In summary, this prospective observational
study showed that endoscopic features on AFI can
distinguish NERD from FH. Its real-time characteristics
and simple endoscopic criteria may enhance the use
of AFI as a complementary tool in the differentiation of
NERD and FH.
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Background

It is difficult to differentiate between functional heartburn (FH) and non-erosive
reflux disease (NERD) endoscopically. Autofluorescence imaging (AFI) was
recently shown to reveal indistinct mucosal lesions invisible on conventional
endoscopy. Moreover, endoscopy with AFI was shown to predict acid reflux in
patients with gastroesophageal reflux disease (GERD). NERD is characterized
etiologically by the presence of pathologic reflux, while FH is not. This study
aimed to assess whether AFI endoscopy could distinguish NERD from FH.
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Research frontiers

Reflux symptoms are common in the general population. GERD (including
NERD) and FH may underlie these symptoms. In order to differentiate NERD
from FH, esophagogastroduodenoscopy, esophageal pH monitoring and protonpump inhibitor (PPI) test are often needed. Presently, various new techniques
have been introduced, including esophageal histopathological analysis and
esophageal impedance monitoring, in order to improve the clinical management
of patients suspicious for NERD and FH.
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9

Innovations and breakthroughs

To date, few efforts have been put on the application of AFI endoscopy in
patients with GERD. In this pilot study, the authors found that endoscopic
features on AFI can distinguish NERD from FH.

10

Applications

This study suggested that AFI may serve as a complementary tool in the
differentiation of NERD from FH. It provided a new method to improve the
clinical management of patients with reflux symptoms.

11

Terminology

AFI is a kind of digital imaging technique that detects autofluorescence that
is emitted in response to light by endogenous fluorophores and cannot be
observed by conventional endoscopy. NERD is a distinct pattern of GERD. It
is caused by the reflux of gastric contents into the esophagus, but no mucosal
damage is found at conventional endoscopy. FH is defined as retrosternal
burning in the absence of GERD or other factors that can be detected in an
objective manner.
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Peer-review

The authors did an excellent job of assessing afi endoscopy for its utility in
the evaluation of nerd vs fh. The flow diagram explaining patient recruitment
and exclusions is extremely helpful and the color images are exceptionally well
done, and very instructive.
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Abstract
AIM: To investigate the expression of integrin αvβ6 and
matrix metalloproteinase 9 (MMP-9), their association
with prognostic factors and to assess their predictive
role in gastric cancer patients.

Institutional review board statement: The study was reviewed
and approved by QiLu Hospital Institutional Review Board.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: Immunohistochemistry was used to deter
mine the expressions of integrin αvβ6 and MMP-9
in 126 specimens from patients with primary gastric
carcinoma. Associations between immunohistochemical
staining and various clinic pathologic variables of tissue
2
specimens were evaluated by the χ test and Fisher’s
exact test. Expression correlation of αvβ6 and MMP-9
was assessed using bivariate correlation analysis. The
patients were followed-up every 3 mo in the first two
years and at least every 6 mo afterwards, with a median
follow-up of 56 mo (ranging from 2 mo to 94 mo).
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Four different combinations of αvβ6 and MMP-9 levels
(that is, both markers positive, both markers negative,
αvβ6 positive with MMP-9 negative, and αvβ6 negative
with MMP-9 positive) were evaluated for their relative
effect on survival. The difference in survival curves was
evaluated with a log-rank test. Survival analysis was
conducted using the Kaplan-Meier survival and Cox
proportional hazards model analysis.

wjgnet.com/1007-9327/full/v22/i14/3852.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i14.3852

INTRODUCTION
Gastric cancer is the fourth most common cancer
world-wide and accounts for approximately 989600
cases annually, with more than half of these cases
occurring in East Asia. Gastric cancer also ranks as
[1]
the second leading cause of cancer-related death .
Clinical management of gastric cancer is, to some
extent, based on the availability of markers that are
predictive of prognosis and alterations commonly
present in gastric cancer have the potential to serve
such a purpose.
Integrin αvβ6 is a member of the integrin family
and is expressed in epithelial cells only, with fibronectin
(FN) as its major ligand. The expression of αvβ6 is rare
[2]
and can hardly be detected in normal epithelial cells ,
but increases substantially in response to injury and/
[3]
or inflammation and in epithelial tumors . Previous
studies have shown that the de novo expression of
integrin αvβ6 is involved in the pathogenic processes of
gastrointestinal malignancies, including cell adhesion,
proliferation, apoptosis, and matrix metalloproteinase
[4-6]
(MMPs) secretion .
Similar to the integrin family, members of the MMP
family, including MMP-9, have been implicated in tumor
invasion and metastasis, which are characterized by
a zinc atom at the active site and classified according
[7]
to homologies in sequence and substrate affinity .
MMP-9 has been confirmed to be associated with the
malignant behavior of tumors or the eventual clinical
outcome of patients afflicted with the disease and has
a unique ability to degrade type Ⅳ collagen, which is a
[8]
major component of the basement membrane .
Our prior research has suggested that αvβ6 integrin
is an independent prognostic indicator of gastric
[9]
cancer . Since that initial report, limited work has been
conducted to highlight the predictive value of αvβ6 in
gastrointestinal cancers, until the research of Peng et
[10]
al
on colorectal cancer. The fact that no index alone
can be simply explicable in terms of its effect on cancer
prognosis prompted us to focus on the combined
analysis of both αvβ6 and MMP-9. In the present study,
we undertook an immunohistochemical analysis of
αvβ6 and MMP-9 expression in gastric cancer. Their
correlation with clinical characteristics and prognosis
was assessed to determine whether the combinational
pattern of αvβ6 and MMP-9 expression could be used
as a more effective prognostic index for gastric cancer
patients after curative surgery.

RESULTS: The expressions of integrin αvβ6 and
MMP-9 were investigated in 126 cases, among which
34.92% were positive for αvβ6 expression, and 42.06%
for MMP-9 expression. The expression of αvβ6 was
associated with Lauren type, differentiation, N stage,
and TNM stage (the P values were 0.006, 0.038, 0.016,
and 0.002, respectively). While MMP-9 expression was
associated with differentiation, T stage, N stage, and
TNM stage (the P values were 0.039, 0.014, 0.033, and
0.008, respectively). The positive correlation between
αvβ6 and MMP-9 in gastric cancer was confirmed
by a correlation analysis. The Kaplan-Meier survival
analysis showed that patients with expression of αvβ6
or MMP-9 alone died earlier than those with negative
expression and that patients who were both αvβ6 and
MMP-9 positive had a shorter overall survival than
those with the opposite pattern (both αvβ6 and MMP-9
negative) (P = 0.000). A Cox model indicated that
positive expression of αvβ6 and MMP-9, diffuse Lauren
type, as well as a senior grade of N stage, M stage,
and TNM stage were predictors of a poor prognosis
in univariate analysis. Only αvβ6 and MMP-9 retained
their significance when adjustments were made for
other known prognostic factors in multivariate analysis
(RR = 2.632, P = 0.003 and RR = 1.813, P = 0.007).
CONCLUSION: The expression of αvβ6 and MMP-9
are closely correlated, and the combinational pattern
of αvβ6 and MMP-9 can serve as a more effective
prognostic index for gastric cancer patients.
Key words: Gastric cancer; Integrin αvβ6; Prognosis;
Matrix metalloproteinase 9; Survival
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Both integrin αvβ6 and matrix metalloproteinase
9 (MMP-9) play an important role in the development
and progression of cancer. However, the combined
effect of the two proteins in gastric cancer is not yet
clear. We would like to draw attention to this aspect. In
the present study, we demonstrated that the expression
of αvβ6 and MMP-9 are closely correlated, and the
combinational pattern of αvβ6 and MMP-9 can serve
as a more effective prognostic index for gastric cancer
patients.

MATERIALS AND METHODS

Lian PL, Liu Z, Yang GY, Zhao R, Zhang ZY, Chen YG, Zhuang
ZN, Xu KS. Integrin αvβ6 and matrix metalloproteinase 9
correlate with survival in gastric cancer. World J Gastroenterol
2016; 22(14): 3852-3859 Available from: URL: http://www.
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Antibodies and reagents

The mouse monoclonal integrin αvβ6 antibody 6.2A1
[9]
(1:500, Biogen, Cambridge, MA, United States) and
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rabbit polyclonal MMP-9 antibody ab38898 (1:100,
[11]
Abcam, Cambridge, MA, United States)
were used
for integrin αvβ6 and MMP-9 immunohistochemical
staining, respectively. Specificity of the two staining
patterns was confirmed by the use of irrelevant control
antibodies.

primary gastric cancer patients, with curative resection,
were obtained from the Department of Pathology, Qilu
Hospital, Shandong University (Jinan, China), from
January 2007 to June 2010 and were formalin-fixed
and paraffin-embedded. All of the specimens were
procured before any adjuvant treatment and after the
informed consent from the patients, with the approval
of the Ethics Committee of Qilu Hospital.
According to our protocol, all patients were followed
up every 3 mo in the first two years and at least every
6 mo afterwards, until June 2015, with a median followup of 56 mo (ranging from 2 mo to 94 mo). They were
examined by regular abdomen ultrasonography or
computed tomography (CT), monitoring the relapse of
the disease. Observations were censored at either the
last follow-up date or the terminal date of the follow-up
if death had not occurred.

Immunohistochemistry

Immunohistochemistry was performed on 5 micro
meter sections of the formalin-fixed, paraffin-em
bedded routine sections, and tissue microarray (TMA)
analysis using antibodies against αvβ6 (6.2A1) and
MMP-9 (ab38898) was applied. The sections were
deparaffinized and hydrated, and the heat induced
epitope retrieval was performed with Borg decloaking
high pH buffer in the Biocare decloaking chamber.
Subsequently, endogenous peroxidase activity was
blocked with 3% hydrogen peroxide, and then the
slides were incubated first with an avidin-biotin kit,
followed by incubations with the αvβ6 primary antibody
(1:500) and the MMP-9 primary antibody (1:100)
overnight at 4 ℃, streptavidin-horseradish peroxidase,
and betazoid diaminobenzidine for color development.
Negative controls were prepared by using the identical
concentration of mouse immunoglobulin IgG1 (Dako).
The next day, biotinylated anti-mouse IgG and
anti-rabbit IgG (1:200) were applied to the slides,
which were subsequently treated using horseradish
peroxidase (HRP)-labelled streptoantibiotin (Dako)
for 15 min. Finally, all the slides were counterstained
with Dako hematoxylin, rinsed with water, and then
dehydrated with alcohol and xylene, and cover-slipped.
Appropriate controls were included. All incubations
were conducted at room temperature.

Statistical analysis

Statistical analyses were performed with SPSS 13.0.
Associations between immunohistochemical staining
and clinicopathologic variables of tissue specimens
2
were evaluated by the χ test and Fisher’s exact
test. Expression correlation of αvβ6 and MMP-9 was
assessed using bivariate correlation analysis. The
difference in survival curves was evaluated with a logrank test. Survival analysis was conducted using the
Kaplan-Meier survival and Cox proportional hazards
model analysis. A value of P < 0.05 was considered to
be statistically significant.

RESULTS
Expression of α vβ 6 and MMP-9 and the association with
clinical factors

Assessment of α vβ 6 and MMP-9 scoring in the tissue
sections

We characterized the expression of αvβ6 and MMP-9 by
immunohistochemical staining in gastric cancer from
126 patients (Figure 1), aged from 27 to 81. Of these,
44 (34.92%) were positive for αvβ6 expression, with
82 (65.08%) being negative. For MMP-9, 53 (42.06%)
patients were positive for expression, and 73 (57.93%)
were negative.
As in our clinical correlation studies, the immuno
histochemical analysis was conducted without know
ledge of any clinical information regarding prognostic
outcome. Levels of the two proteins’ expression
were compared with tumor characteristics and risk
factors (Table 1). The following analysis showed that
Lauren type, differentiation, N stage, and TNM stage
were associated with αvβ6 expression (the P values
were 0.006, 0.038, 0.016, and 0.002, respectively).
Regarding MMP-9 expression, statistically significant
differences existed in differentiation, T stage, N stage,
and TNM stage (the P values were 0.039, 0.014, 0.033,
and 0.008, respectively). No evidence of a significant
association was observed between alteration of αvβ6
or MMP-9 expression and other characteristics or risk
factors.

Assessment of the two proteins’ staining was evaluated
independently by two pathologists who were blinded
to the patients’ clinical outcome. Disagreements were
resolved by discussion in a meeting to obtain the final
results. The staining stratification was established
based on two scores: (1) the proportion score
representing the fraction of positive staining cells (0,
0%; 1, < 20%; 2, 20%-50%; 3, 51%-75%; and 4,
> 75%, respectively); and (2) the intensity of the
staining (0, no staining; 1, weak staining, pale brown;
2, moderate staining, brown; and 3, strong staining,
dark brown, respectively). Such assessment allows for
a semi-quantitative estimate of the expression levels
of protein in the tissue section. The two scores were
added, and the final definition of every section was
obtained. Finally, tumors with a final score of < 2 were
designated as negative, and > 2 as positive, in both
αvβ6 and MMP-9 expression.

Patients and follow-up

A series of consecutive specimens from tumors of 126
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Table 1 Expression of integrin αvβ6 and MMP-9 and patient characteristics
Characteristic
Age (yr)
< 60
> 60
Gender
Male
Female
Location
Upper
Middle
Lower
Lauren type
Intestinal
Diffuse
Differentiation
Well
Moderate
Poor
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
M stage
M0
M1
TNM stage
I
II
III
IV

P value

αvβ6

No.
Negative

Positive

51
75

33
49

18
26

78
48

50
32

28
16

27
51
48

20
28
34

83
43

P value

MMP-9
Negative

Positive

0.942

31
42

20
33

0.593

0.769

43
30

35
18

0.416

7
23
14

0.136

16
28
29

11
23
19

0.847

47
35

36
8

0.006

46
27

37
16

0.427

19
30
77

15
14
53

4
16
24

0.038

6
18
49

13
12
28

0.039

14
13
18
81

10
7
10
55

4
6
8
26

0.578

3
8
14
48

11
5
4
33

0.014

37
17
26
46

26
12
10
34

11
5
16
12

0.016

18
10
11
34

19
7
15
12

0.033

124
2

81
1

43
1

0.652

73
0

51
2

0.094

12
42
70
2

4
36
41
1

8
6
29
1

0.002

3
22
48
0

9
20
22
2

0.008

MMP-9: Matrix metalloproteinase 9.

of mortality risk was observed when four different
combinations of αvβ6 and MMP-9 levels (that is, both
markers positive, both markers negative, αvβ6 positive
with MMP-9 negative, and αvβ6 negative with MMP-9
positive) were evaluated for their relative effect on
survival. Kaplan-Meier plots showed that patients who
were both αvβ6 and MMP-9 positive died earlier (26.45
± 5.54) than the other three groups (53.40 ± 5.90,
51.54 ± 6.86, and 68.86 ± 4.87, respectively; P =
0.000). The greatest difference in survival was found
between patients with both markers being positive
and those with the opposite pattern (both markers
negative) (Figure 2C).

Table 2 Expression correlation of integrin αvβ6 and MMP-9
αvβ6 expression
Negative
Positive
Total

MMP-9 expression
Negative

Positive

56
17
73

26
27
53

Total
82
44
126

MMP-9: Matrix metalloproteinase 9.

Role of both α vβ 6 and MMP-9 in cancer-related survival

The Kaplan-Meier plot (Figure 2A and B) showed that
patients with positive αvβ6 expression had a much
shorter survival time than the negative cases (P =
[9]
0.000), consistent with our previous study . The same
tendency was present in MMP-9 positive expression
cases (P = 0.000).
The expression of αvβ6 and MMP-9 were closely
correlated in gastric cancers (r = 0.286, P = 0.001)
(Table 2), which indicated that the combined analysis
of the two proteins may be more helpful in predicting
the survival for this disease. A striking stratification

WJG|www.wjgnet.com

Univariate and multivariate analysis for prognosis of
patients with gastric cancer

Sufficient clinical follow-up data were obtained from all
126 patients, allowing for evaluation of the association
between protein alteration and prognostic outcome. Of
these, 69 (54.8%) cases were confirmed as cancerrelated deaths within 5 years of prognosis and 57
(45.2%) were censored, as the follow-up survey was
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A

B

C

D

Figure 1 Comparison of immunohistochemical staining of αvβ6 and MMP-9 in the same gastric cancer specimen evaluated with formalin-fixed, paraffinembedded tissue (streptavidin-peroxidase method; original magnification × 400). Positive αvβ6 expression was detected predominantly in the cell membrane,
and matrix metalloproteinase 9 (MMP-9) mainly exhibited a cytoplasmic immunostaining in tumor cells. A: Positive αvβ6 expression; B: Negative αvβ6 expression; C:
Positive MMP-9 expression; D: Negative MMP-9 expression.

discontinued or patients were alive beyond 60 mo or
died of reasons other than this disease.
We estimated the relative risks (RR) (both univa
riate and multivariate) of dying and 95%CI, using the
Cox proportional hazard model (Table 3). The Cox
model indicated that positive expressions of αvβ6 and
MMP-9, diffuse Lauren as well as high grades of N, M,
and TNM stages were predictors of a poor prognosis
in the univariate analysis. Then, the variables with
statistical values of P < 0.05 were chosen for multi
variate analysis, and only αvβ6 and MMP-9 retained
their significance after adjustments for other known
prognostic factors, which revealed that positive
expression of αvβ6 and MMP-9 were unfavorable
independent prognostic factors (P = 0.003 and P =
0.007, respectively) and superior to all other known
prognostic factors.

molecular research is far from sufficient.
Considerable evidence now exists that alteration
in the expression of αvβ6 or MMP-9 may serve as
an important pathogenic event for some human
malignancies. We have previously shown that αvβ6
is an independent prognostic indicator in gastric
[9]
cancer and simultaneously extended its pathogenic
role to mediating the potential for colon cancer
[13]
cells to colonize in and metastasize to the liver .
When it came to MMP-9, a number of studies have
been published on its prognostic value in human
cancers. High expression of MMP-9 was found to be
associated with lymph node metastasis and a higher
[14,15]
tumor stage in breast cancer
. Moreover, MMP-9
is also implicated in the progression of esophageal
[16]
squamous cell carcinoma . Meanwhile, MMP-9 status
represents a novel prognostic factor in evaluation of
[17]
colorectal cancer , especially in combination with the
[18]
membrane-anchored MMP regulator RECK . As to the
prognostic role of MMP-9 in gastric cancer, a consensus
[19-23]
has not been reached in previous reports
. Given
the variable natural history and heterogeneity of gastric
cancer, conflicting studies published to date suffer from
a similar problem: the interference from neoadjuvant
[24,25]
chemotherapy, which was recently confirmed
. To
exclude the possibility of chemotherapy interfering
with the two proteins’ predictive role in gastric cancer,
only patients who had not received neoadjuvant
chemotherapy were enrolled.

DISCUSSION
Molecular markers associated with distinct clinical
outcomes have been identified in gastric cancer, laying
the groundwork for improved clinical management
through more personalized medicine. Despite
improvements during the past years, the prognostic
outcome of gastric cancer remains unsatisfactory.
Molecular investigation of cancerous pathogenesis
would contribute to the treatment of patients with
[12]
gastric cancer , which suggests that the current
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A

1.0

Table 3 Univariate and multivariate analyses comparing
overall survival to prognostic factors in 126 gastric cancer
patients

Cumulative survival rate

0.8

Factors

avb6 (-) (n = 82)

0.6

0.4

Age (yr)
< 60
> 60

avb6 (+) (n = 44)

0.2

0.0

Gender
Female
Male

P = 0.000
0

20

40

60

80

100

Location
Upper
Middle/Lower

t/mo

B

1.0

Lauren type
Intestinal
Diffuse

Cumulative survival rate

0.8
MMP-9 (-) (n = 73)

0.6

0.4

Differentiation
Well
Moderate/Poor

MMP-9 (+) (n = 53)

T stage
T1
T2-4

0.2

0.0

N stage
N0
N1-3

P = 0.000
0

20

40

60

80

100

t/mo

C

0.8
Cumulative survival rate

M stage
M0
M1

1.0

TNM stage
I
II-IV

avb6 (-)/MMP-9 (-) (n = 56)

0.6
αvβ6
Negative
Positive

avb6 (+)/MMP-9 (-) (n = 17)

0.4

avb6 (-)/MMP-9 (+) (n = 26)

MMP-9
Negative
Positive

0.2

0.0

Univariate analysis
Relative risk
(95%CI)

avb6 (+)/MMP-9 (+) (n = 27)

P = 0.000
0

20

40

60

80

100

Multivariate analysis
Relative risk
(95%CI)

P value

1.431
(0.805-2.545)

0.222

1
1.800
(1.090-2.973)

0.258

1
1.450
(0.882-2.381)

0.143

1
1.171
(0.856-1.602)

0.323

1
1.836
(1.061-3.177)

0.03

1
1.045
(0.764-1.429)

0.784

1
1.295
(1.006-1.668)

0.050

1
1.248
(0.813-1.916)

0.311

1
1.343
(1.105-1.633)

0.003

1
1.249
(0.818-1.909)

0.303

1
26.25
(2.887-238.81)

0.004

1
8.555
(0.735-99.62)

0.087

1
2.314
(1.502-3.565)

< 0.001

1
1.654
(0.643-4.257)

0.296

1
2.862
(1.452-3.747)

< 0.001

1
2.632
(1.569-4.416)

0.003

1
2.193
(1.110-2.787)

0.005

1
1.813
(1.398-2.351)

0.007

MMP-9: Matrix metalloproteinase 9.

t/mo

Figure 2 Kaplan-Meier plots show the association of survival and ex
pression of integrin αvβ6 and MMP-9 in all gastric cancer patients tested.
A: Positive expression of αvβ6 was associated with decreased survival (P =
0.000); B: The same tendency was present in matrix metalloproteinase 9 (MMP-9)
positive expression cases (P = 0.000); C: When αvβ6 and MMP-9 alterations
were analyzed together, patients with both αvβ6 and MMP-9 positive expression
experienced the highest mortality of the four groups (P = 0.000).

42.06% incidence of MMP-9 expression. Subsequently,
a positive correlation between the two proteins was
confirmed, and each of them was associated with a
poor prognosis in gastric cancer. When comparing
different combinational expression patterns in the
Kaplan-Meier survival analysis, patients who were
both αvβ6 and MMP-9 positive suffered a higher
mortality rate than the other three expression states,
especially in comparison to the opposite pattern.
Furthermore, a Cox model indicated that positive
expression of αvβ6 and MMP-9, diffuse Lauren type,
as well as a higher grade of N, M, and TNM stage were

In the present study, the expression of integrin
αvβ6 and MMP-9 in 126 gastric cancer specimens was
investigated, which showed a 34.92% incidence of
αvβ6 expression, concordant with previously published
[9]
positive rates of 36.7% in gastric cancer , as well as a
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cells only, but increases substantially in response to injury and/or inflammation
and in epithelial tumors.

predictors of a poor prognosis in univariate analysis.
Only αvβ6 and MMP-9 retained their significance when
adjustments were made for other known prognostic
factors in multivariate analysis. Based on these data,
we proposed that the concomitant expression of αvβ6
and MMP-9 in gastric cancer could serve as a more
effective independent predictor to determine early
relapse, metastases and prognosis in gastric cancer
patients.
As an exploratory attempt, this paper intends to
provide some enlightenment for the clinical mana
gement of gastric cancer patients in the future. We
have previously confirmed a direct linkage between
ERK2 and the cytoplasmic domain of β6, as well as the
binding domain for ERK2 within the cytoplasmic tail
[26,27]
of the β6-integrin subunit
, through which integrin
αvβ6 transmitted a growth enhancing signal to cancer
cells. Previous studies have shown that the expression
[5,28]
of MMP-9 has a direct correlation to integrin αvβ6
.
Thus, a signaling pathway mediated by ERK2 between
αvβ6 and MMP-9 was theoretically supposed to exist to
play a key role in the biological behavior and/or clinical
outcome of human gastric cancer.
[22]
In summary, we concur with Zhang et al
that
αvβ6 should be a focus of attention for diagnosis and
therapy in human gastric cancers; our current findings
extend this idea to the combination of αvβ6 and
MMP-9. The expression of αvβ6 and MMP-9 are closely
correlated, and the combinational pattern of αvβ6 and
MMP-9 can serve as a more effective prognostic index
for gastric cancer patients. However, further research
is necessary to identify the signaling pathway between
αvβ6 and MMP-9 as an important target for gastric
cancer therapy.

Peer-review

In the present study, the authors undertook an immunohistochemical analysis
of αvβ6 and MMP-9 expression in gastric cancer. The correlation with
clinical characteristics and prognosis was assessed to determine whether the
combinational pattern of αvβ6 and MMP-9 expression could be used as a more
effective prognostic index for gastric cancer patients after curative surgery. Over
all, this is an interesting manuscript about the expression of integrin αvβ6 and
MMP-9 in gastric cancer patients.
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Abstract
AIM: To define the cost-effectiveness of strategies,
including endoscopy and immunosuppression, to prevent
endoscopic recurrence of Crohn’s disease following
intestinal resection.

Clinical trial registration statement: This study is a sub study
of the Post-Operative Endoscopic Recurrence (POCER) study
which was registered and approved at Clinicaltrial.gov. Number
NCT00989560.

METHODS: In the “POCER” study patients undergoing
intestinal resection were treated with post-operative
drug therapy. Two thirds were randomized to active
care (6 mo colonoscopy and drug intensification for
endoscopic recurrence) and one third to drug therapy
without early endoscopy. Colonoscopy at 18 mo and
faecal calprotectin (FC) measurement were used to
assess disease recurrence. Administrative data, chart
review and patient questionnaires were collected
prospectively over 18 mo.

Informed consent statement: All study participants provided
informed written consent prior to study enrolment.
Conflict-of-interest statement: No potential conflicts of interest
relevant to this article were reported.
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
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care n = 17) were included from one health service.
Median total health care cost was $6440 per patient.
Active care cost $4824 more than standard care over
18 mo. Medication accounted for 78% of total cost, of
which 90% was for adalimumab. Median health care
cost was higher for those with endoscopic recurrence
compared to those in remission [$26347 (IQR
25045-27485) vs $2729 (IQR 1182-5215), P < 0.001].
FC to select patients for colonoscopy could reduce
cost by $1010 per patient over 18 mo. Active care was
associated with 18% decreased endoscopic recurrence,
costing $861 for each recurrence prevented.

tomatic clinical recurrence occurs in 30%, and 5% of
[12-14]
patients undergo further surgical intervention
.
Seventy percent of patients who have had an operation
[8,15]
will ultimately require further surgery
. Treatment
with thiopurines and/or anti-tumor necrosis factor
(TNF) agents has been associated with a reduction in
[16-19]
endoscopic recurrence
.
Thiopurines are associated with significant cost
savings when used for the treatment of inflammatory
bowel disease, especially when used with pharmaco
genetic testing of thiopurine s-methyltransferase and
[20,21]
. Anti-TNF drugs in Crohn’s
metabolite monitoring
[22,23]
disease are clinically effective
. But their cost-effec
tiveness has not been established with certainty. These
agents reduce the costly complications of Crohn’s
disease such as surgery and hospitalization, especially
[24]
in the short term
and appear to be cost-effective
[25-27]
when disease is severe or active
. However, the
cost-effectiveness of long term maintenance treatment
[25,28]
with infliximab or adalimumab is not known
although costs with adalimumab are less than those
associated with infliximab therapy largely because of
[29]
reduced infusion centre costs .
When considering the cost-effectiveness of drug
strategies for the prevention of post-operative clinical
[30]
recurrence, Ananthakrishnan et al
found that
antibiotics were the most cost-effective option. They
found that immediate therapy with infliximab postoperatively was not cost-effective, even in patients at
high risk of early recurrence, although could be costeffective if reserved for patients with early endoscopic
[31]
recurrence at 6 mo. Doherty and colleagues
found that compared to no prophylactic treatment,
prophylactic post-operative thiopurine therapy was the
most cost-effective up to 1 year post-operatively, but
at 5 years, mesalazine treatment was most favourable.
However, endoscopic recurrence was not a factor in
the primary model of these studies.
While these studies have examined the costeffectiveness of prophylactic drug treatments postoperatively, there has been no detailed analysis to date
of the cost-effectiveness of management strategies
following intestinal resection, which include early
endoscopic assessment, tailored drug therapy according
to risk of recurrence, and the presence or absence of
early endoscopic recurrence.
The Post-Operative Crohn’s Endoscopic Recurrence
(POCER) study compared strategies to prevent
endoscopic recurrence, taking into account risk of
recurrence, efficacy of different drug regimens, and
assessment of the benefit of endoscopic monitoring
and treatment intensification providing a strategy
for management of Crohn’s disease after intestinal
[17]
resection . This study also evaluated the efficacy of
faecal calprotectin testing to detect early recurrent
[32]
disease . In a subset of patients from the POCER
study, we aimed to undertake a detailed health care
utilization and cost analysis to estimate health care
costs associated with post-operative Crohn’s disease

CONCLUSION: Post-operative management strategies
are associated with high cost, primarily medication
related. Calprotectin use reduces costs. The long term
cost-benefit of these strategies remains to be evaluated.
Key words: Crohn’s disease; Post-operative; Health
economics; Health care cost; Biologics
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The health care costs of a proactive diseaseprevention post-operative Crohn’s disease strategy are
substantial. Much of this cost relates to drug therapy
(biologics). Active care involving endoscopic monitoring
for disease recurrence, costs more than symptombased monitoring. The occurrence of endoscopic
recurrence increases costs significantly, related largely
to drug therapy. Faecal calprotectin to monitor for
disease recurrence can substantially decrease postoperative costs.
Wright EK, Kamm MA, Dr Cruz P, Hamilton AL, Ritchie KJ,
Bell SJ, Brown SJ, Connell WR, Desmond PV, Liew D. Costeffectiveness of Crohn’s disease post-operative care. World J
Gastroenterol 2016; 22(14): 3860-3868 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3860.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3860

INTRODUCTION
Crohn’s disease is a chronic, relapsing, progressive
inflammatory disorder of the gastrointestinal tract.
Annual direct medical costs are high, estimated at
[1]
$4466 US dollars per patient per year , and exceed
those required for the care of patients with ulcerative
colitis. Costs are higher among those with active,
severe, stricturing and/or penetrating disease and
those requiring hospitalization, surgery, or therapy
with glucocorticoids, immunosuppressives or biologic
[1-7]
therapy .
Seventy percent of patients with Crohn’s disease
[8-11]
need an intestinal resection at some time
. Within
one year of surgery, subclinical endoscopic recurrence
occurs at the anastomosis in 90% of patients, symp
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care and to estimate the cost-effectiveness of one
management strategy over another.

inclusion, as this was the first endoscopic assessment
point for patients in the study.

Endoscopic visual assessment for disease recurrence

MATERIALS AND METHODS

At ileo-colonoscopy, mucosal recurrence at the
anastomosis and neo-terminal ileum was assessed
[13]
according to the Rutgeerts score by the endoscopist,
who was aware of the patient’s treatment. At the 6
and 18 mo colonoscopies, endoscopic remission was
defined as Rutgeerts score i0 (no lesions) or i1 (≤ 5
aphthous lesions) and recurrence as i2 (> 5 aphthous
lesions or larger lesions confined to anastomosis), i3
(diffuse ileitis), or i4 (diffuse inflammation with large
[13]
ulcers and/or narrowing) .

Clinical post-operative recurrence study
[1]

The POCER study was a prospective randomized
control trial which assessed the efficacy of postoperative endoscopic assessment and treatment
step-up for early mucosal recurrence. Patients were
stratified according to risk of recurrence. Smokers,
patients with perforating disease, or patients with ≥
1 previous resections were classified as “high-risk”;
all others “low-risk”. All patients underwent resection
of all macroscopic disease and then received 3 mo of
metronidazole. High-risk patients also received daily
azathioprine (2 mg/kg per day) or 6-mercaptopurine
(1.5 mg/kg per day). High-risk patients intolerant of
thiopurine received adalimumab induction (160 mg/80
mg) and then 40 mg two-weekly. Low-risk patients
received no further medication.
Patients were randomly assigned in a 2:1 ratio to
colonoscopy at 6 mo (active care) or no colonoscopy
(standard care). For endoscopic recurrence (Rutgeerts
score ≥ i2) at 6 mo, patients stepped-up to thiopurine,
fortnightly adalimumab with thiopurine, or weekly
adalimumab. The primary end-point was endoscopic
recurrence at 18 mo. Endoscopic remission was
defined as Rutgeert’s score i0 or i1 (i0 = no lesions,
i1 = mild small superficial anastomotic lesions), and
recurrence defined as i2, i3 or i4 (moderate to severe
lesions).
One hundred and seventy four patients were
included at 17 hospitals in Australia and New Zealand.
One hundred and one of 122 patients randomized to
endoscopic intervention (6 mo colonoscopy) were highrisk, compared to 44 of 56 in the standard care arm
(Figure 1). Key findings from the POCER study were:
(1) treatment according to clinical risk of recurrence,
with early colonoscopy and treatment step-up for
recurrence, was better than conventional drug therapy
alone for prevention of postoperative Crohn's disease
recurrence; and (2) selective immune suppression,
adjusted for early recurrence, rather than routine
use, led to disease control in most patients. The
study showed that while clinical risk factors, including
smoking, could predict recurrence, patients at low risk
of recurrence also benefited from monitoring and that
early remission did not preclude the need for ongoing
monitoring.
The present study comprised the subset of 60
patients from the POCER study with complete health
care utilization and costing data, and complete postoperative follow-up for 6 mo or more. These patients’
post-operative care had been undertaken in one health
service, St Vincent’s Hospital Melbourne (SVHM),
ensuring complete and consistent data capture. A
minimum of 6 mo follow-up was chosen for patient

WJG|www.wjgnet.com

Health economic assessment

Patients completed health care utilization and work
productivity questionnaires pre-operatively (baseline)
and at 1, 2, 4, 6, 7, 8, 10, 12, 15 and 18 mo postoperatively. The data extracted is shown in Table 1.
Costs were stratified into the following categories:
all drugs, adalimumab, inpatient care, in-hospital
procedures (colonoscopy and iron infusion), emer
gency department attendances, specialist outpatient
visits, outpatient allied health visits, primary care
visits, outpatient medical imaging and pathology
investigations.
Hospital cost data were derived from administrative
databases maintained by the Clinical Costing Unit at
SVHM, which routinely tracks all services provided to
individual inpatients and assigns relevant service costs.
Services comprise specific individualized items such as
medical imaging, pharmacy, pathology, and surgical
procedures, including operating room time, as well as
more general care, such as time spent as an in-patient
and consultation by medical, nursing, and allied health
staff. This method of costing is known as the “bottom[33]
up” approach .
Outpatient health care resource costs were
estimated by multiplying episodes of care by unit
costs. Episodes of care were derived from question
naire data. Unit costs for medications and medical
services were based on the Australian Medical Services
[34]
[35]
Schedule
and Pharmaceutical Benefits Schedule
respectively. All costs were from the perspective of
the Australian public healthcare system, which funds
the majority of healthcare in Australia. Therefore, cost
estimates excluded any patient contribution.
All cost data were considered in Australian dollars
(AUD).

Faecal calprotectin measurement

Faecal calprotectin (FC) was measured by a quanti
TM
tative enzyme immunoassay (fCAL , Bühlmann, Scho
nenbuch, Switzerland) as per manufacturer’s instructions,
without knowledge of patient data. Concentrations
were expressed as μg/g of stool. FC measurement was
performed at baseline (pre-operatively) and at 6, 12
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Patients Screened and Consented
n = 212

Ineligible after surgery
n = 28

Surgery

Stratification
n = 184

High risk
n = 153
One or more of:
Previous surgery
Penetrating disease
Smoker

Low risk
n = 31
No risk factors

Randomization
n = 184

Did not receive
allocated treatment
n =6

Active care
n = 128

High risk
n = 101

Did not receive
allocated treatment
n =4

Standard care
n = 56

Low risk
n = 21

High risk
n = 44

Withdrew prior to 6 mo

High risk
n =8

Withdrew between 0 and 18 mo

n = 18

n = 19

10 Administrative reasons
6 Symptom recurrence
2 Comorbidity

9 Symptom recurrence
5 Comorbidity
5 Administrative reasons
Colonoscopy at 6 mo
n = 104

Rutgeerts score i0 or i1
No change in therapy

Rutgeerts score i2-i4
Step-up therapy

Withdrew between 6 and 18 mo

n = 19
8 Administrative reasons
7 Symptom recurrence
4 Comorbidity
Primary endpoint
Colonoscopy at 18 mo
n = 118

Figure 1 Consort diagram: The POCER Study.
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Table 2 Demographics n (%)

Table 1 Health care utilization data extracted for health
economic assessment

Health economic Entire POCER P value
sub-group
study cohort

Health care utilization data extracted for health economic assessment

n = 60

Number and type of consultations with gastroenterologists or other
medical specialists for reasons related to Crohn’s disease.
Visits to primary care providers (general practitioners).
Visits to allied health care providers
Investigations related to Crohn’s disease
Visits to the emergency department
Hospital admissions < 1 d (day procedures)
Hospital admission ≥ 1 d
Current prescription medicine use related to Crohn’s disease

n (male)
24 (40)
Age > 40 yr
24 (40)
Age, median
37
Age at diagnosis
≤ 16 yr
4 (7)
17-40 yr
49 (81)
> 40 yr
7 (12)
Duration of Crohn's disease
29 (48)
≥ 10 yr
Disease location at surgery:
Ileum only (L1)
33 (55)
Colon only (L2)
3 (5)
Ileum and colon (L3)
21 (35)
Disease phenotype at surgery:
B1 (Inflammatory)
5 (8)
B2 (Stricture)
18 (30)
B3 (Penetrating)
37 (62)
Indication for surgery:
Failure of drug therapy
12 (20)
Obstruction
14 (23)
Perforation
34 (57)
Number of prior surgical resections
0
47 (78)
1
9 (15)
2
1 (2)
3 or more
3 (5)
Active smoker
22 (37)
Immediate post-operative baseline drug therapy
Metronidazole alone
9 (15)
Thiopurine
39 (65)
Adalimumab
12 (20)
CDAI > 150
40 (67)
CDAI > 200
30 (50)

and 18 mo post-operatively.

Statistical analysis

As costs were not normally distributed, medians
and interquartile ranges of costs were calculated. A
2-tailed Mann-Whitney U Test was used to assess for
statistically significant differences in costs between
groups. Data were analysed using SPSS Statistics for
Windows, Version 22.0 (Armonk NY: IBM Corp.).

RESULTS
Of the 174 patients (median age 38, 55% female)
enrolled in the POCER study, 60 (median age 37, 60%
female) were included in this analysis. Demographic
and disease characteristics of the entire POCER cohort
and the health-economic sub-cohort are shown in
Table 2. Of the 60 patients, 43 (72%) were in the
active care arm and 17 (28%) in the standard care
arm. Average length of follow up for all patients was
17 mo, and was not different between standard and
active care arms.

78 (45)
68 (39)
36

0.516
0.900

19 (11)
134 (77)
21 (12)
60 (34)

0.340
0.451
0.934
0.154

95 (55)
11 (6)
68 (39)

0.957
0.710
0.575

17 (10)
62 (36)
95 (55)

0.742
0.428
0.341

38 (22)
50 (29)
86 (49)

0.764
0.418
0.333

124 (71)
33 (19)
9 (5)
8 (5)
54 (31)

0.287
0.490
0.247
0.899
0.422

29 (17)
101 (58)
44 (25)
113 (65)
90 (52)

0.763
0.343
0.408
0.673
0.465

3732-28288) vs $3221 (IQR 1693-26283), P = 0.125],
Figure 3A.
Medications were the biggest cost items in both the
active and standard care arms (both 78% of total),
with adalimumab making up 90% of these costs in
both arms. Median medication costs per patient were
non-statistically significantly higher in those in the
active vs standard care arm [$3286 (IQR 864-24421)
vs $891 (IQR 868-24393), P = 0.80]. As colonoscopy
at 6 mo was mandated for those in the active care
arm, median day procedure (colonoscopy) costs were
higher per patient in this group when compared to
those in the standard care arm $1710 (IQR 574-2884)
vs $694 (565-1591), P = 0.044.
Detailed costing breakdowns are shown in Figure 2.

Cost of post-operative care

Median total healthcare cost per patient of post-operative
care was AUD $6440 (IQR 2540-28069). Medications
were the highest single cost driver, responsible for 78%
of the total cost, of which adalimumab constituted
90%. Day procedures (colonoscopy) constituted 10%
of the healthcare cost, followed by inpatient admissions,
outpatient specialist consultations and pathology at 6%,
2% and 2%, respectively. Detailed cost breakdowns can
be seen in Figure 2.
We have previously shown that by measuring FC
post-operatively, the need for colonoscopy can be
reduced by 47%. When used at 6 and 18 mo to select
appropriate patients for colonoscopy, this would have
reduced the cost of post-operative care by $1010 over
18 mo based on average colonoscopy costs from our
cohort.

Cost of endoscopic recurrence

Within the 43 active care patients, the median
healthcare cost was higher in those who had endoscopic
recurrence at 6 mo (n = 12) compared to those in
remission (n = 31) [$26347 (IQR 25045-27485) vs
$2729 (IQR 1182-5215), P < 0.001], Figure 3C. Most of
this cost difference was accounted for by the increased
need for medications among those with endoscopic

Active vs standard care arms

Median healthcare cost was non-statistically significantly
higher in the active vs standard care arms [$8045 (IQR
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A

Medication

P = 0.125

60

Inpatient admission
Cost per patient (1000 AUD)

Day procedure
(Colonoscopy)
Emergency department
Outpatient specialist
Outpatient allied health
Primary care
Medical imaging

50
40
30
20
10
0

Pathology

Standard care

Figure 2 Distribution of costs in post-operative Crohn’s disease in this
cohort.

Randomisation arm

B

P = 0.80

60

Total medication cost per patient
(1000 AUD)

recurrence [$24038 (IQR 24038-26710) vs $533 (IQR
200-3205), P < 0.001]. Medications contribute more
to the total healthcare cost of patients with endoscopic
recurrence compared to those in remission (95% vs
67%).
In the entire POCER study, treatment in the active
care compared to standard care arms was associated
with an 18% reduction in the risk of endoscopic recur
[17]
rence (NNT 5.6) . Hence on average, $861 was spent
over 18 mo to prevent each endoscopic recurrence.

50
40
30
20
10
0
Standard care

Cost-effectiveness of faecal calprotectin to identify
suitability for colonoscopy

Active care

Randomisation arm

We have previously shown that routine FC testing
for asymptomatic patients post-operatively, with
colonoscopy reserved for those with a FC > 100 µg/g,
could reduce the rate of post-operative colonoscopy by
[32]
47% . When used at 6 and 18 mo to select patients
for colonoscopy, measurement of FC would have
reduced the cost of post-operative care by $1010 over
18 mo based on average colonoscopy costs from our
cohort and the cost of FC testing.

C

50

Cost per Patient (1000 AUD)

DISCUSSION
This cost analysis of structured post-operative care
after intestinal resection in Crohn’s disease has
identified a number of findings. First, healthcare costs
are substantial, with much of the cost relating to drug
therapy. Secondly, active care involving endoscopic
monitoring for disease recurrence, costs more than
symptom-based monitoring. Thirdly, the occurrence
of endoscopic recurrence increases costs significantly,
related largely to drug therapy. Lastly, the use of FC to
monitor for disease recurrence, a proven strategy, can
substantially decrease post-operative costs.
The severity of endoscopic recurrence has been
shown previously to predict the subsequent develop
[14]
ment of clinical recurrence and the need for surgery .
The costs inherent in this strategy of monitoring
and treating-to-target to maintain mucosal healing
are predicated on the assumption that in the longer

WJG|www.wjgnet.com

Active care

P < 0.001

40

30

20

10

0

Endoscopic remission

Endoscopic recurrence

Post operative disease behaviour

Figure 3 Active vs standard care arms. Total cost of care (A) and medication
cost (B) in post-operative Crohn’s disease in the standard versus active care
arms. Total cost of care over twelve months for patients with endoscopic
remission versus recurrence (C). Boxes indicate the median and 25th and 75th
percentiles, whiskers indicate calculated maximum and minimum with circles
indicating outliers.

term, disease recurrence, the development of disease
complications, and the need for further surgery are
reduced. Potential cost savings by way of a reduction
in future surgery and a reduction in the subsequent
development of short gut syndrome (a rare but cata
strophic complication of repeated intestinal resections
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[40-42]

in Crohn’s disease) are significant. In the POCER
cohort, the median cost of the inpatient admission for
intestinal resection was $15662 (IQR 10364-17720),
the annual cost of care per patients with short gut
syndrome have been estimated as being between
[36]
$100000 and $150000 per year . However, longer
term data are still needed to evaluate the cost of
prolonged anti-TNF therapy and reduced interventions
compared with less monitoring and drug therapy with
a likely increased rate of intervention.
While recent trials have demonstrated the
[16,18,37]
[30,31]
efficacy
, and explored the cost-effectiveness
,
of some drug therapies in preventing post-operative
Crohn’s disease recurrence, the cost of anti-TNF
therapy and of an integrated package of care have
not been evaluated. The healthcare costs of these
resource-intensive strategies must be considered if
these approaches are to be widely recommended.
To our knowledge, this is the first study to describe
healthcare cost profiles in the management of postoperative Crohn’s disease. The post-operative period is
completely different to treating known active disease
outside of a surgical episode, the latter being clinically
obvious and treatment essential. Post-operatively,
patients are usually clinically well, as reflected in
improved Crohn’s Disease Severity Index (CDAI) and
[38]
quality of life scores . For the patient and the treating
physician, this changed focus from treating active
disease to disease prevention requires its own health
and cost-benefit analysis and justification.
The major limitation of this study is the small study
size which included a sub-set of patients enrolled in
the POCER study.
The POCER study demonstrated the efficacy of risktailored prophylactic drug therapy, early colonoscopy
and treatment step-up in the event of endoscopic
recurrence, for the prevention of post-operative
[17]
recurrence . The active care arm of the POCER study
cost a median of $8045 per patient, with the cost
of drug therapy exceeding the cost of colonoscopy,
hospital admissions and specialist appointments. An
alternative strategy involves the routine use of antiTNF therapy for all patients at high-risk of recurrence,
without inherent monitoring for recurrence and drug
adjustment; the recent PREVENT study evaluated the
[39]
efficacy of infliximab in this setting . Such routine
use of anti-TNF therapy would be more expensive in
the short-term, but the longer term costs-benefits are
unknown.
The significant proportion of healthcare costs
attributable to adalimumab therapy in our study
reflects recent studies that illustrate the change in cost
profiles in inflammatory bowel disease management as
a consequence of anti-TNF use. Anti-TNF drugs come
at a considerable cost and have been found to increase
the overall cost for patients with Crohn’s disease.
Adalimumab is more cost-effective than infliximab
because of the absence of incidental costs associated
with the administration of infliximab including infusion
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centre admission and nursing care
.
A recent cost-of-illness study by van der Valk et
[6]
al demonstrated that the cost of anti-TNF therapy for
treatment of inflammatory bowel disease makes up
the majority of health care cost, in excess of surgery
and hospitalisation. Among Crohn’s disease patients in
that study, medication costs accounted for 71% of total
healthcare costs, of which 64% was related to antiTNF therapy. Hospitalisation and surgery accounted for
only 19% and less than 1%, respectively. In our study,
[6]
similar to the study by van der Valk et al , outpatient
specialist and general practitioner care accounted for
small proportions of the total healthcare cost, at 3.7%
and less than 1%, respectively. Australian data reflects
similar trends in healthcare costs, with medications
being the main cost driver in the care of patients with
[43]
Crohn’s disease .
The introduction of biosimilar anti-TNF drugs, and
a general trend towards lower drug pricing, may result
[44]
in lower drug costs in the medium term . Healthcare
spending on biologics is predicted to fall between 10
and 50% in Europe and the United States following the
[45-47]
introduction of biosimilar drugs
. Cost-effectiveness
of the tested strategy may therefore change.
This study has identified the main costs associated
with a proactive disease-prevention post-operative
Crohn’s disease strategy. It provides the financial basis
for current management and the planning of future
strategies.
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Background

Healthcare costs for Crohn’s disease are high. Active disease, surgery,
hospitalisations and anti-TNF use are the key costs. Precent of 70 patients
with Crohn’s disease require at least one surgical resection, and of these
most develop disease recurrence. Post-operative strategies to prevent
disease recurrence, which include endoscopic assessment and patienttailored prophylactic drug therapy, are therefore desirable. However, the costeffectiveness of such strategies is unknown.

Research frontiers

Post-operative management for patients with Crohn’s disease has been an
area of intense interest over recent years. Randomised studies have sought
to define optimal drug therapy and monitoring algorithms. Anti-TNF drugs
have consistently been found to be superior to other drugs in the prevention
of recurrent Crohn’s disease. Anti-TNF drugs however come at a considerable
expense to the health care system. This study is part of the Post-Operative
Crohn’s Endoscopic Recurrence (POCER) platform of studies which has
successfully defined the management of patients with Crohn’s disease following
intestinal resection. Results from the POCER study have radically altered
treatment algorithms and our understanding of drug therapy in the prevention
of post-operative recurrence of Crohn’s disease. The POCER study has
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demonstrated that in patients at high risk of recurrence after “curative” surgery
for Crohn’s disease, adalimumab (an anti-TNFα drug) prevents recurrent
mucosal disease in most patients, and is superior to thiopurines. A strategy for
the post-operative management of these patients has also been determined
with treatment according to risk of recurrence, with 6 mo colonoscopy and
treatment step-up for endoscopic recurrence, being significantly superior to
optimal drug therapy alone, in preventing postoperative recurrence of Crohn’s
disease. Selective potent immune suppression, adjusted if needed on the basis
of colonoscopy, rather than its use in all high risk patients, was shown to lead
to effective disease control in a majority of patients. The study described in this
manuscript describes the health care costs involved in delivering this treatment
and monitoring strategy compared to those required for the provision of standard
post-operative care.

8

Innovations and breakthroughs

10

9

Post-operative strategies to prevent disease recurrence after intestinal resection
are associated with high healthcare costs, the majority of which is medication
driven. Endoscopic recurrence when compared to remission is associated with
significantly higher healthcare costs. The POCER strategy, as illustrated in the
active care arm of this study, is based on risk-related medication, monitoring
for early disease recurrence, and treatment intensification when needed. It is
associated with a reduction in post-operative endoscopic recurrence without a
significantly greater cost than standard care.

11

12

Applications

Strategies that prevent endoscopic recurrence may therefore be associated
with substantial healthcare savings downstream, making the POCER algorithm
a potentially cost effective strategy. Further, using FC to select patients
appropriate for colonoscopy reduces costs significantly.
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14

Peer-review

This manuscript by Wright et al is the first study to describe healthcare cost
profiles in the management of post-operative Crohn’s disease. The manuscript
is well written, it is certainly interesting for the readers of the journal, and I
believe that could be accepted for publication.
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Abstract
Esophageal reconstruction can be challenging when
stomach and colon are not anatomically intact and
their use as esophageal substitutes is therefore limited.
Innovative individual approaches are then necessary to
restore the intestinal passage. We describe a technique
in which a short stump of the right hemicolon and
25 cm of ileum on a long, non-supercharged, fully
mobilized ileocolic arterial pedicle were used for
esophageal reconstruction to the neck. In this case, a
65 year-old male patient had accidentally indigested
hydrochloric acid which caused necrosis of his upper
digestive tract. An emergency esophagectomy,
gastrectomy, duodenectomy, pancreatectomy and
splenectomy had been performed in an outside
hospital. A cervical esophagostomy and a biliodigestive
anastomosis had been created and a jejunal catheter
for enteral feeding had been placed. After the patient
had recovered, a reconstruction of his food passage
via the left and transverse colon failed for technical
reasons due to an intraoperative necrotic demarcation
of the colon. Our team then faced the situation that
only a short stump of the right hemi-colon was left
in situ when the patient was referred to our center.
After intensified nutritional therapy, we reconstructed
this patient’s food passage with the right hemicolonapproach described herein. After treatment of a
postoperative pneumonia, the patient was discharged
th
from hospital on the 26 postoperative day in a good
clinical condition on an oral-only diet. In conclusion,
individual approaches for long-segment reconstruction
of the esophagus can be technically feasible in
experienced hands. They do not always require arterial
supercharging or free intestinal transplantation.
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struction has to be planned, the situation can be
further complicated. This case report introduces an
individual approach of a secondary reconstruction
of the food passage with an ileo-right hemi-colonic
cervical pull-up on a non-supercharged ileocolic arterial
pedicle after a first colonic reconstruction had failed.

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

Core tip: Esophageal reconstructions are more
challenging than usual when the stomach and the
colon are not available as substitutes for esophageal
replacement. In this case, hydrochloric acid had caused
severe caustic injuries to the upper digestive tract
requiring esophagectomy, gastrectomy, duodenectomy,
pancreatectomy and splenectomy in a 65-year-old
patient. The initial reconstruction failed, leaving only
a short stump of the right hemicolon in situ . We then
reconstructed the intestinal passage utilizing this short
part of the right hemicolon and 25 cm of ileum on a
long, non-supercharged, fully mobilized ileocolic arterial
pedicle.

CASE REPORT
A 65-year-old male patient had accidentally indigested
hydrochloric acid which caused a necrosis of his
upper digestive tract. In an emergency surgery,
an esophagectomy, gastrectomy, duodenectomy,
pancreatectomy and splenectomy were performed
(Figure 1A and B). At the end of this first operation, a
cervical esophagostomy and a choledocho-jejunostomy
were created. Furthermore, a jejunal catheter for
enteral feeding was inserted.
One month later, an exploratory laparotomy was
performed due to a massive pneumoperitoneum and
suspected bowel perforation diagnosed in a routine
chest X-ray after the placement of a central venous
catheter. During surgery, pneumatosis coli without
perforation were detected, most likely based on an
antibiotic-associated colitis (C. difficile toxin negative).
Colon resection was renounced due to missing clinical
symptoms and a planned esophageal reconstruction
via a colonic interposition. Instead, a protective loop
ileostomy was formed and reversed three months
later.
After the patient had recovered, five months
after the first surgery, a reconstruction of the food
passage with a colonic pull-up using the transverse and
descending colon was attempted. The reconstruction
failed due to an intraoperative ischemic demarcation of
the colon, leaving only a short oral part of the ascending
colon and approximately 40 cm of the descending colon
in situ (Figure 1C, D and E). The colonic remnants were
connected via a colo-colonic anastomosis.
Eight months after the first surgery, the patient
contacted our team seeking alternative reconstruction
options for his intestinal passage. In the meantime,
the patient was in a poor nutritional condition (BMI
16.1) and was fed exclusively via the jejunal catheter.
The patient was admitted to our surgical ward for an
intensified nutritional therapy to improve his body
weight and constitution. Furthermore, an angiography of
the patient’s mesenteric arteries was performed, which
revealed a sufficient blood supply of the remaining
right hemicolon and the terminal ileum via the ileocolic
artery (Figure 2). Fortunately, the ileocolic artery
formed a tight loop with the terminal jejunal branch of
the superior mesenteric artery, which was used later
as described below. The patient was discharged from
hospital for further home-based nutritional therapy and
readmitted for surgery two months later.
After readmission, the patient’s food passage
was reconstructed via a retrosternal ileo-right hemi-

Weiss ARR, Hackl C, Soeder Y, Schlitt HJ, Dahlke MH. Ileoright hemi-colonic cervical pull-up on a non-supercharged
ileocolic arterial pedicle: A technical and case report. World J
Gastroenterol 2016; 22(14): 3869-3874 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3869.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3869

INTRODUCTION
Malignant tumors of the esophagus and the esopha
gogastric junction, as well as caustic injuries and
perforations are among the prime indications for
resections of the esophagus. All esophagogastric
resections with reconstruction are associated with
significant morbidity and mortality. A gastric tube
is preferably used to reconstruct the food passage
after esophagectomy as it usally comes along with a
reliable blood supply and only one single anastomosis
is necessary for reconstruction. The situation becomes
more difficult when the stomach is not available
for reconstruction. In these cases, either a pedicled
colonic or jejunal interposition or a free jejunal graft
can be used. Pedicled interposition grafts always
come along with limitations of the blood supply. This
is especially relevant towards the oral part of the
graft, which - if insufficient - can lead to anastomotic
leakage or, in the worst case, to partial or complete
necrosis of the pull-up. Necrotic complications then
frequently lead to life threatening secondary problems.
Recently published studies demonstrate the benefit of
additional arterial and venous supercharging, which
may improve the blood supply of the graft or pull-up
and can therefore reduce the incidence of graft loss
[1-4]
and anastomotic leakage .
When the initial reconstruction fails and a salvage
operation with limited intestinal resources for recon
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Figure 1 Secondary reconstruction with an ileo-right hemi-colonic cervical pull-up on a non-supercharged ileocolic arterial pedicle. A, B: Before and after
emergency esophagectomy, gastrectomy, duodenectomy and pancreatectomy due to a caustic injury with hydrochloric acid; C, D: Esophageal reconstruction with
transverse and descending colon fails due to ischemic demarcation → consecutive resection of transverse and descending colon including the distal part of the
ascending colon; E: A short stump of the right hemi-colon and approximately 40 cm of descending colon were left in situ, connected via a colo-colonic anastomosis; F:
Esophageal reconstruction with an ileo-right hemi-colonic cervical pull-up on a non-supercharged ileocolic arterial pedicle in an isoperistaltic direction; G: Situation 9
mo after reconstruction: The cecal part of the pulled-up graft had moved downwards from the thoracic cavity into the abdomen and largely dilated, causing recurrent
episodes of bowel obstruction; H: Final result: The ileocecal region was resected and an ileo-jejunostomy was formed.

was ensured, the ileum was pulled up to the neck
retrosternally and anastomosed end-to-side in an
iso-peristaltic fashion to the esophageal stump with
a tension-free running manual suture. To achieve
this position, the ileocolic artery was turned upwards
to a 180° angle. The stump of the ascending colon
was then anastomosed end-to-side to the proximal
end of the jejunum. Finally, the neo-terminal ileum
was anastomosed to the stump of the remaining
descending colon (Figure 1F).
The following day, a scheduled second look
laparotomy was performed to confirm a sufficient
blood supply of the interposition graft. During the
postoperative course on the intensive care unit the
patient developed severe pneumonia, which was
treated with antibiotics, chest tubes and intensified
respiratory and positioning therapy. After further
stabilization, the patient could be transferred to the
th
general ward on the 13 postoperative day. Stepwise
return to a normal diet was well tolerated. A contrast
X-ray swallow showed a smooth passage of a soft
bolus. The patient was discharged from hospital in a
th
good clinical condition on the 26 postoperative day on
an oral-only diet.
During the following months, the patient suffered
from episodes of dysphagia, recurrent nausea and air

Ileocolic
artery

Terminal
branch of
SMA

Figure 2 Arteriographic examination of the superior mesenteric artery.
The ileocolic artery forms a tight loop with the terminal jejunal branch of the
superior mesenteric artery.

colonic cervical pull-up on a non-supercharged ileocolic
arterial pedicle. During surgery, the ileocecal region
and the remaining ascending colon were mobilized
and the ileum was transected about 25 cm proximal to
Bauhin’s valve. The ileocolic artery was fully mobilized
to its origin from the superior mesenteric artery by
meticulous micro-preparation and then dissected to
use the full length of both branches of the artery.
After a sufficient blood supply of the pedicled graft
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used for reconstruction of the enteric passageway
after esophagectomy, several techniques have been
described: pedicled colonic grafts have the advantage
that longer conduits can be formed to reconstruct the
passage up to the neck when compared to pedicled
jejunal grafts. On the downside, colonic enterobacteria
pose a higher risk for pulmonary complications in
the postoperative course and stenoses and graft
redundancy are more frequent in colonic than in
[1,5,6]
jejunal interpositions
. Pedicled jejunal grafts
are limited in length due to the shorter mesenteric
[7]
arcades . Moreover, the diameter of the jejunum
is usually more congruent to the diameter of the
esophagus and jejunal grafts fit easier through the
thoracic inlet in case of retrosternal pull-up. Other
advantages of jejunal grafts are a better food transit
due to the physiologic peristalsis of the jejunum and a
lower risk for intrinsic disease such as hemorrhage or
[8]
the development of graft carcinoma .
All grafts to restore the intestinal continuity after
near-total esophagectomy need to be moved up
to the cervical esophagus without major tension.
This is usually more difficult for jejunal than for
colonic grafts and becomes the more complicated
the longer the distance to the esophageal stump is.
Tension to the anastomosis regularly results in an
insufficient blood supply of the graft and can lead
to anastomotic leakage or graft necrosis, the most
feared complications of these procedures. Thus,
supercharging techniques have been introduced using
additional arterial and venous anastomoses to vessels
located in the neck or chest regions. Several studies
demonstrated the benefit of this approach showing
that it can improve blood supply to the graft and
consequently reduce the incidence of graft necrosis
[1-4,7,9]
and anastomotic leakage
. Since the introduction
of the supercharging technique, pedicled jejunal
grafts with these anastomoses have become more
relevant in the reconstruction of esophageal defects
and some authors prefer the jejunum instead of the
[1,7]
colon for these purposes . However, supercharging
is technically challenging and requires microvascular
anastomoses, which come along with another array of
possible vascular complications.
In case of limited esophageal defects, free jenunal
or colonic grafts are an alternative with good post
[10-13]
operative results
. Right hemi-colonic pull-ups can
also be used for esophageal replacement when long
[14]
enough . In our case, only a short stump of the right
hemi-colon was left. Hence, a far longer segment of
the terminal ileum had to be chosen to gain enough
length for a pull-up to the neck. Accomplishing this
without arterial supercharging would have been
inconceivable without a previous angiography of
the mesenteric arteries with meticulous planning on
how to gain maximum length out of it. Using the full
length of the ileocolic artery finally made this pull-up
possible in the reported case. We thus suggest that
preoperative angiography of the mesenteric vessels

Figure 3 Largely dilated cecum in the upper abdomen. The cecal part of
the interposition graft had moved downwards from the thoracic cavity into the
abdomen with consecutive massive dilatation causing bowel obstruction.

regurgitation. Additional work-up showed significant
dilatation of the pulled-up cecum so that another
operation became necessary. Intraoperative assessment
revealed that the cecal part of the pulled-up pedicled
graft had moved downwards significantly (likely due
to gravital challenge in an upright position) from
the thoracic cavity through the diaphragm into the
abdomen. The cecum was massively dilated and seen
as the cause for dysphagia and bowel obstruction
as the distal anastomosis was kinked (Figures 3 and
1G). Hence, the ileocecal region was resected and an
ileo-jejunostomy was created (Figure 1H). No further
complications occurred in the postoperative course and
th
the patient was discharged from hospital on the 12
postoperative day.
A few months later, the patient complained about
new symptoms of dysphagia, which were due to a
stenosis of the ileo-jejunostomy. The stenosis could
successfully be dilated by endoscopic balloon dilatation.
Similar symptoms reappeared, this time due to
intraabdominal and retrosternal adhesions that were
removed in yet another reoperation via a re-laparotomy
and a lower partial sternotomy.
During the whole treatment episode at our hospital,
the patient had regular appointments with our nutritional
experts who adjusted his diet to his special needs
(including the substitution of pancreatic enzymes and
vitamins). In the last outpatient follow-up examination
32 mo after reconstruction, the patient’s bodyweight
was still below average (BMI 17.5) but stable under oralonly food intake without the need for additional enteral
or parenteral nutrition and no symptoms of dysphagia
(see timeline, Figure 4). He lives an independent life.

DISCUSSION
In selected cases where the stomach cannot be
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05/2012
1
Initial operation

09/2012
Reversal of loop
ileostomy

06/2012
Formation
of a loop
ileostomy due to
pneumatosis coli

10/2012
Reconstruction
with transverse
and descending
colon fails

04/2013
Secondary
reconstruction with
ileo-right
hemi-colonic
cervical pull-up

06/2014
Endoscopic balloon
dilatation of a
stenosis of the ileojejunostomy
01/2014
Colon
redundancy,
resection of the
cecal part of the
pulled-up graft

10/2014
Re-operation
with removal of
intraabdominal and
retrosternal adhesions

Figure 4 Timeline. 1Initial operation: Indigestion of hydrochloric acid with consecutive esophagectomy, gastrectomy, duodenectomy, pancreatectomy and
splenectomy. Creation of a cervical esophagostomy, a choledo-jejunostomy and placement of a jejunal catheter.
redundancy, endoscopic balloon dilatation of a stenosis of the ileo-jejunostomy
and re-operation with removal of retrosternal and intraabdominal adhesions.

should be regularly used to ensure a reliable blood
supply of the graft and therefore reduce the incidence
[15]
of graft necrosis and anastomotic leakage .
Long-segment esophageal reconstructions without
the stomach are demanding and need individual
planning of the experienced surgeon and his team.
Such reconstructions do not always require arterial
supercharging. To prevent graft loss and anastomotic
leakage due to insufficient blood supply, preoperative
angiography with thorough planning of the expected
circulatory situation and vessel length can be recom
mended. Individual approaches for esophageal recon
structions can then be feasible and restore quality of
life.

Related reports

A preoperative angiography of the mesenteric arteries might show different or
new aspects of possible esophageal substitutes.

Term explanation

Pedicled grafts remain connected to their original blood supply and are
therefore limited in length. Supercharging describes a method to improve
the blood supply of a pedicled graft by adding an additional blood supply via
microvascular anastomoses to local vessels in the area of application.

Experiences and lessons

Esophageal reconstructions are still associated with a high morbidity and
mortality. In complicated cases with limited intestinal resources, individual
approaches can be feasible to restore the patient´s quality of life.
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Abstract
Gastrointestinal complications are a frequent cause of
morbidity after transplantation and may affect up to
40% of kidney transplant recipients. Here we report
a rare case of idiopathic giant esophageal ulcer in
a kidney transplant recipient. A 37-year-old female
presented with a one-week history of odynophagia and
weight loss. Upon admission, the patient presented
cold sores, and a quantitative cytomegalovirus poly
5
merase chain reaction was positive (10 copies/ml).
An upper endoscopy demonstrated the presence of a
giant ulcer. Serological test and tissue biopsies were
unable to demonstrate an infectious origin of the ulcer.
Immunosuppression was reduced and everolimus was
introduced. An empirical i.v. therapy with acyclovir
was started, resulting in a dramatic improvement in
symptoms and complete healing of the ulcer. Only
two cases of idiopathic giant esophageal ulcer in
kidney transplant recipients have been reported in the
literature; in both cases, steroid therapy was successful
without recurrence of symptoms or endoscopic findings.
However, this report suggests that correction of
immune imbalance is mandatory to treat such a rare
complication.
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Core tip: gastrointestinal complications after kidney
transplantation are common and may be associated to
an increased risk of serious post-transplant morbidity.
Giant esophageal ulcers are very rare and the diagnosis
of causality is often delayed. This case illustrates
the clinical management of an idiopathic giant ulcer,
suggesting the possible role of innate immunity
imbalance in the pathogenesis of this rare clinical
finding.
Figure 1 Upper endoscopy showing a giant ulcer of the distal esophagus
(arrows).

Veroux M, Aprile G, Amore FF, Corona D, Giaquinta A, Veroux
P. Rare cause of odynophagia: Giant esophageal ulcer. World J
Gastroenterol 2016; 22(14): 3875-3878 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i14/3875.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i14.3875

showed acute inflammation without any viral particles,
but with positivity to Candida species (PASD stain)
(Figure 2). Her symptoms failed to resolve after two
weeks of total parental nutrition, high dose omeprazole
(80 mg daily) and fluconazole (200 mg daily). Repeat
endoscopy revealed only a slight improvement of the
ulcer. Histological examination of biopsy and cytology
material for fungal or viral infection was negative, and
histochemical studies for CMV, herpes simplex virus
(HSV) and adenoviruses were negative and CMV-DNA
PCR was negative. Intravenous/empiric therapy with
acyclovir (900 mg daily) was started. Her symptoms
dramatically improved over 48 h and completely
resolved within 10 d, with concomitant partial weight
3
gain (4 kg), and normal leucocytes count (5240/mm ).
Repeat endoscopy 10 d after acyclovir treatment
revealed near complete resolution of the ulcer (Figure
3). The patient continued oral valganciclovir and
acyclovir therapies, without recurrence of symptoms
six months after diagnosis and with excellent graft
function.

INTRODUCTION
Gastrointestinal (GI) complications are a frequent cause
of morbidity after transplantation and may affect up to
[1-3]
40% of kidney transplant recipients . Although most
patients present with mild symptoms, such as diarrhea,
peptic ulcer and oral lesions, these complications
may be severe in approximately 10% of patients and
may be associated with a doubled risk of graft loss
[1,2]
and patient death . Idiopathic giant esophageal
ulcers in immunocompromised patients have been
described more commonly in patients with acquired
[4,5]
immunodeficiency syndrome (AIDS) . In this report,
we present a rare case of idiopathic giant esophageal
ulcer in a kidney transplant patient, responding to
acyclovir therapy and reduction of immunosuppression.

CASE REPORT

DISCUSSION

A 37-year-old female presented with a 1-wk history of
severe odynophagia and epigastric pain, worsening after
food intake. She had received a deceased donor kidney
transplantation 6 mo prior, and the immunosuppressive
regimen consisted of tacrolimus, mycophenolic acid
and prednisone. Upon admission, the patient presented
3
cold sores, the leucocytes were 1300/mm , and a
quantitative cytomegalovirus (CMV) polymerase chain
5
reaction (PCR) was positive (10 copies/ml). Graft
functionality was slightly impaired (Serum creatinine, 2.1
mg/dL).
Intravenous ganciclovir therapy (250 mg daily)
was immediately started combined with oral acyclovir;
mycophenolic acid was discontinued; and tacrolimus
was replaced with everolimus, without any beneficial
effects. The patient was unable to swallow solid food
and lost 8 kg. Upper endoscopy was performed,
showing a large ulcer in the distal esophagus measuring
40 mm in diameter (Figure 1). Endoscopic biopsies

WJG|www.wjgnet.com

Candida esophagitis is the most common esophageal
disorder in renal transplant recipients, and usually
occurs in leukopenic or over-immunosuppressed
[1,2]
patients within six months after transplantation .
In most cases, candida esophagitis is associated
with candidal stomatitis and epiglottitis. In general,
candida esophagitis presents with odynophagia, but
endoscopic findings are characteristic with multiple
small plaques in the upper or mid esophagus. Other
causes of esophagitis include CMV or herpes simplex
infection. The typical appearance of herpetic esophagitis
is represented by multiple vesicular lesions with or
[2]
without ulcers along the entire esophagus . However,
the endoscopic manifestation of herpetic esophagitis
may be similar to that of CMV esophagitis, such that
diagnosis should be confirmed by cytology, histological
examination and viral cultures.
Idiopathic giant ulcers are rarely observed and are
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200 mm

Figure 2 Histopathological examination of ulcer showed esophagitis with ulceration and underlying granulation tissue, with many bacterial colonies and
fungal spores (PAS-positive) (arrow).

patient presented no endoscopic appearance to suggest
reflux disease and her symptoms and esophageal
ulceration failed to improve to high dose omeprazole and
total parental nutrition. Although the clinical finding of
cold sores and the dramatic temporal response to highdose acyclovir therapy may suggest a herpetic origin
for the giant ulcer, we were unable to demonstrate
the presence of viral particles using histological or
immunohistochemical studies, and routine serological
tests for HSV were negative.
There have only been two reports of idiopathic giant
[6,7]
esophageal ulcer in kidney transplant recipients ,
and both patients were previously subjected to overimmunosuppression to prevent acute rejection episodes.
In both cases, steroid therapy was successful without
recurrence of symptoms or endoscopic findings. The
response to idiopathic esophageal ulcer to steroids is
clearly documented in AIDS, with a clinical remission
[9]
observed in more than 90% of cases . The prednisone
regimen consists of 40 mg/d, tapering 10 mg/wk for a
1-mo treatment course. The relapse rate for esophageal
ulcers in AIDS treated with steroids is approximately
40%, but retreatment is usually successful.
Leucopenia has been shown to be involved in the
pathogenesis of giant ulcer in a kidney transplant
[7]
recipient as a result of overimmunosuppression.
Our report provides the first clinical experience that a
combination of reduction in immunosuppression and
high-dose of acyclovir may result in a normalization
of leucopenia and correction of immune imbalance,
leading to rapid healing of the ulcer and a resolution of
symptoms.
In conclusion, giant esophageal ulcers are uncom
mon in kidney transplant recipients and the diagnosis of
causality is often delayed. Treatment is often empirical
and the aggressive nature of the disease may result in
erroneous treatment decision, leading to higher patient
morbidity.
The correction of the immune imbalance found in
these patients plays a key role in the management of
giant esophageal ulcer.

Figure 3 Endoscopy demonstrated the near complete healing of the ulcer.

more commonly encountered in patients with HIV
[4,5]
infection . HIV has been observed in ulcer tissue,
suggesting that HIV itself could be the direct cause
[6]
of these lesions . However, it can also be detected in
esophageal biopsies from patients with Candida, CMV
[5]
and HSV esophagitis . Our report and other previous
[7,8]
cases
provide clinical evidence that idiopathic
giant esophageal ulcer can occur in the absence of
HIV infection, and favor a defect of immunity rather
than a virus etiology in the pathogenesis of idiopathic
[5]
esophageal ulceration .
In our report, although the clinical context of the
patient suggested a potential CMV-related ulcer, there
was no evidence of viral cytopathology as assessed from
routine histological or immunohistochemical studies.
Furthermore, our patient was on high dose ganciclovir
and did not demonstrate any clinical beneficial effect
on odynophagia and weight loss because the patient
continued to be unable to swallow solid food. Histological
finding of fungal infection was most likely related to a
direct contamination of the ulcer because there was
no evidence of candida stomatitis or characteristic
endoscopic lesions in the esophagus. Moreover, the
ulcer failed to improve after a high dose of fluconazole.
Histopathological features cannot distinguish idiopathic
ulceration from gastroesophageal reflux disease, but the
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Abstract
Rarely has a solitary, metachronous bilateral adrenal
metastasis of colorectal cancer been reported. We
depict a 41-year-old man who underwent sigmoid
colon cancer radical surgery followed by adjuvant
chemotherapy for a locally ulcerative sigmoid
adenocarcinoma with metachronous bilateral adrenal
metastasis revealed by a computed tomography scan.
Histopathological examination showed adenocarcinoma,
compatible with metastasis from the rectal cancer. The
level of serum carcinoembryonic antigen had indicative
significance for the presence of adrenal metastasis
in the reported series. We performed a literature
analysis related to this pathological characteristic and
attach importance to consistent, vigilant radiological
surveillance of the adrenal glands in the patients’ follow
up for colorectal cancer with or without subsequent
adrenal metastasis.
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Core tip: Very rarely are patients with a solitary adrenal
metastasis from colorectal cancer, especially coupled
with metachronous contralateral adrenal metastasis,
identified. The case report not only covers a rare case
of metachronous bilateral isolated adrenal metastasis
from colorectal adenocarcinoma but also summarizes
and discusses relevant mechanisms and therapies of
this type of disease reported previously in the literature.
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INTRODUCTION
The most common primary sites of adrenal metastatic
tumors are lung, breast, and kidney, while adrenal
metastases from colorectal cancer are not rare findings
based on autopsy reports. However, the presence of
isolated adrenal metastases from colorectal cancer
was quite rare, especially when they are bilateral.
We herein report a case of solitary bilateral adrenal
metastasis from rectal carcinoma and review the
relevant literature.

Figure 1 Abdominal enhanced computed tomography revealed a low
density mass in the right adrenal gland.

the adrenal tumor.
Chemotherapy (XELOX) was taken back. The
patient received one cycle, and his general health
was good when his serum CEA was 10.33 μg/l. Four
months later, surveillance CT identified a left adrenal
nodule (Figure 3a) and absence of the previous right
adrenal mass, coupled with an expansion of the
left kidney and proximal ureter. Left ureteral stent
implantation was performed followed by a FOLFIRI
chemotherapy regimen that was adopted for the first
time. Serum CEA at this time was elevated to 15.84
μg/l.
The patient received four cycles of FOLFIRI with
good clinical and biological tolerance. Three months
after the completion of the adjuvant chemotherapy,
suspicious nodules were noted in the right lung by
chest radiography. Meanwhile, thoracoabdominopelvic
CT scan revealed that the size of the left adrenal
nodule was almost the same as previously measured
(Figure 3b). In addition, imaging studies showed
local recurrence at the site of the resected sigmoid
and expansion to the left kidney and proximal ureter
combined with mild atrophy of the left kidney. Serum
CEA of the patient was 13.66 μg/l.
Seven months following removal of the right
adrenal mass, an exploratory laparotomy, including
neoplasm resection of the left adrenal, was performed.
A 50 mm × 35 mm × 30 mm adrenal mass containing
several white nodules was confirmed by histology as a
moderately differentiated adenocarcinoma, compatible
with the previous resected mass specimen of the right
adrenal (Figure 4).

CASE REPORT
A 41-year-old man had a sigmoid tumor, as demon
strated by sigmoidoscopy, that was confirmed as an
adenocarcinoma by subsequent biopsies. Computed
tomography (CT) of the abdomen and pelvis showed
no evidence of metastatic disease. A radical resection
of the sigmoid colon carcinoma was performed.
Histology identified a moderately differentiated
ulcerative adenocarcinoma with negative surgical
resection margins. The stage was pT4N2M0 (LN:
5/12) according to Tumor, Node, Metastases 2009. His
postoperative serum carcinoembryonic antigen (CEA)
was reduced to 2.05 μg/L (within the normal limit).
Systemic chemotherapy was initiated after surgery.
The patient underwent seven cycles (XELOX) with
good clinical and biological tolerance. Eleven months
after the completion of the adjuvant chemotherapy,
thoracoabdominopelvic CT scan revealed a hetero
geneous mass in the right adrenal gland, with no
evidence of metastasis elsewhere (Figure 1). A total
colonoscopy showed no sign of local recurrence.
General blood tests, including adrenal hormones, were
normal, but his serum CEA was increased markedly up
to 72.02 μg/l.
Since chest and abdominal CT scans showed
no sign of other metastatic diseases, a resection of
the right adrenal neoplasm was performed without
complication 18 mo following initial surgery. On
macroscopic examination, the tumor, which was
80 mm × 65 mm × 45 mm in size, consisted of a
white, solid mass with central necrosis (Figure 2a).
Histopathological findings showed an atypical duct
that was comprised of high columnar epithelium with
necrosis within it (Figure 2b). The adrenal tumor was
considered a metastasis from the sigmoid colon cancer
based on comparative analysis of histopathological
findings of previous sigmoid colon cancer and those of
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DISCUSSION
The incidence of adrenal metastases of primary
malignancies is not rare. The most common primary
sites of adrenal metastatic tumors are lung, breast,
and kidney. However, adrenal metastases from
colorectal carcinomas are less frequent (Table 1). The
incidence of adrenal metastases from any primary
carcinoma ranges from 8.6% to 27.0%, while that
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A

B

Figure 2 Adrenal tumor. A: Macroscopic findings of the adrenal lesion showed a solid tumor with necrosis; B: Microscopic findings of the adrenal tumor showed
moderately differentiated adenocarcinoma that resembles the primary sigmoid lesion that had been resected. This indicated that the metastasis was from the sigmoid
carcinoma.

A

B

Figure 3 Computed tomography image. A: Computed tomography (CT) of the abdomen shows a left adrenal mass; B: CT evaluation showed response of the
adrenal metastases after chemotherapy.

Figure 4 Pathological findings of the left adrenal tumor showed moderately differentiated adenocarcinoma, compatible with metastasis from the rectal
carcinoma.

from a colorectal malignant lesion ranges between
[1]
1.9% and 17.4% . However, this incidence may be
underestimated because of the adrenal mass being
[1]
mistaken for a lombo-aortic node .
A previous study reported that of 47 patients (17%)
who received an adrenalectomy for metastatic cancers,
eight patients’ adrenal metastases were derived
[2]
from colorectal cancer . Moreover, another study
addressing fine needle aspiration of adrenal masses

WJG|www.wjgnet.com

showed that five of 39 adrenal metastatic malignancies
[3]
cases (12.8%) originated from colorectal cancer .
[4]
Lam et al described the prevalence of colorectal
cancer in adrenal metastases in both autopsy and
biopsy series. Around 5% of metastases were from
[4]
large intestinal primary sites in an Asian series . In
spite of a discrepancy within the reported literature, it
is conceivable that the incidence of adrenal metastases
from colorectal carcinomas is not rare. Several studies
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prevalently preferred due to their wide applicability and
[14]
non-invasive nature . On CT, our patient displayed
low density of the adrenal gland, consistent with
[3,15,16]
adrenal masses in other reports
. CT scan allows
for diagnosis of the adrenal masses with accuracy to
sub-centimetric lesions. However, it fails to distinguish
between primary lesions, incidentalomas, or secondary
lesions. Percutaneous fine needle-biopsy was, therefore,
proposed for the differential diagnosis by attaining
[17]
histological confirmation . This procedure was not
performed on our patient since the CT characteristics
and the story of the disease were sufficient to support
the diagnosis of adrenal metastases.
MRI is also an effective procedure for appraising
the tumors in adrenal glands. It plays a significant
role in distinguishing between adenoma, carcinoma,
and metastasis in cases of “adrenal incidentaloma”.
On the other hand, it allows for identification of the
functional nature of the adrenal mass when an adrenal
[18,19]
incidentaloma is found
.
The emergence of PET-CT for detection and
surveillance has allowed for more accurate specifics
of adrenal metastases, with better characterizations
of the metabolic activities. This approach permits
choosing an adapted treatment and avoiding a useless
[20,21]
laparotomy in cases of generalized metastases
.
Adrenal metastasis from colorectal malignancy is
not uncommon in autopsy series. Therefore, adrenal
metastasis should be tested in the follow-up of colorectal
cancer patients who undergo an initial surgery, even
though the lung and liver are the primary metastatic
sites. For early detection of adrenal metastasis,
measuring of serum CEA and imaging examination, such
as ultrasonography and CT, should be done routinely.
Although it is generally thought that an adrenal
[8,22,23]
metastasis is part of a widespread metastasis
,
the secondary adrenal gland lesions may be involved
in the lung metastases and even neoplastic invasion
of other organs without negative effect on the
[24]
prognosis . A resection of the involved adrenal gland
is supposed to contribute to a good prognosis when a
[8-10]
separate adrenal metastasis is found
. Therefore,
it is essential to make allowance for the possibility of
adrenal metastasis from colorectal cancer, especially
a delayed contralateral adrenal metastasis when
unilateral adrenal was implicated, during follow-up
after the primary operation. Our patient is currently
in stable condition, and further surveillance is needed
because this case has been observed for only half a
year.
In conclusion, it is suggested in this case that
separate, metachronous metastases in bilateral adrenal
glands may not achieve desired results through
chemotherapy alone but surgical resection and continual
follow-up as well. A number of cases of similar adrenal
metastasis are needed to elucidate this issue.

Table 1 Reported adrenal metastasis from colorectal
carcinoma
Ref.

Cedermark et al[1]
Kim et al[24]
Lo et al[7]
Moreno-Elola et al[8]
Katayama et al[5]
Watatani et al[9]
Candel et al[3]
Wade et al[2]

No. of adrenal
metastasis from
colorectal carcinoma

Total No.
of adrenal
metastasis

Percentage

63
6
14
1
1
3
5
8

450
37
52
1
1
3
39
47

14.0%
16.2%
26.9%

12.8%
17.0%

have demonstrated that the vast majority of autopsies
with adrenal metastases also involved metastases of
multiple other sites.
It is acknowledged that the spread of adrenal
metastases occurs via the arterial, portal venous, or
lymphatic routes. Generally, hematogenous spread
is considered the major route of primary carcinoma
[5]
metastasis to the adrenal. Katayama et al described
a plausible route of hematogenous metastasis from the
primary site via the lungs to the adrenals. Although the
lung metastasis in our patient was not detected until
after the left adrenal metastasis, it is possible that a
silent lung metastasis had gradually occurred when the
adrenal metastasis was detected. In general, adrenal
metastasis is thought to indicate widespread disease;
and, hence, patients with a solitary adrenal metastasis
from colorectal carcinoma are rare, especially coupled
with metachronous contralateral adrenal metastasis,
[5-10]
according to our review of the literature
.
Serum CEA is thought to be essential in predicting the
presence of adrenal metastasis in the postoperative
[5,9,10]
period of colorectal cancer
. As in our patient,
serum CEA levels indicated the presence of adrenal
metastases in the reported series, which was confirmed
by the imaging findings. Therefore, early detection and
resection of the adrenal metastasis based on regular
follow-up could improve the prognosis to some extent
despite systemic diseases. In addition, attention
should be paid to the occurrence of adrenal metastasis
series after a relatively long-term course. However,
there have been multiple cases in which serum CEA
level remains within the normal range in spite of an
[11-13]
occurrence of adrenal metastasis
. Therefore, a
variety of modalities combined with serum CEA levels
should be applied to accurately detect the status of
colorectal cancer.
The past several years have witnessed a substantial
improvement in the detection of clinically quiescent
adrenal masses owing to the common use of imaging
modalities such as CT, positron emission tomography
(PET) CT, and magnetic resonance imaging (MRI).
Among various radiological studies used to assess
adrenal metastases, CT and ultrasonography are
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Case characteristics

A 41-year-old man presented with metachronous bilateral adrenal metastases
with a history of sigmoid tumor resection and chemotherapy.

9

Clinical diagnosis

Bilateral adrenal metastases from sigmoid tumor.
10

Differential diagnosis

Pheochromocytoma and adrenocortical carcinoma

Laboratory diagnosis

11

Imaging diagnosis

12

All of the laboratory results were within the normal ranges, with the exception of
a fluctuant carcinoembryonic antigen level.

Abdominal computed tomography demonstrated heterogeneous masses in
bilateral adrenal glands heterochronously.

Pathological diagnosis

Bilateral adrenal tumors were confirmed as a metastasis from the sigmoid colon
cancer through comparative analysis of histopathological findings of previous
sigmoid colon cancers and those of the adrenal tumors.

13

Treatment

14

Resection of bilateral adrenal tumor with chemotherapy.

Experiences and lessons

15

This report presents a rare case of metachronous bilateral adrenal metastases
from colorectal cancer and improves our understanding of this disease process.

Peer-review

16

This rare case indicates that resection of the involved adrenal gland improves
prognosis when a separate adrenal metastasis is found. Additionally, it is
essential to consider the possibility of adrenal metastasis from colorectal cancer
during follow-up after the primary operation.

17
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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

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
Zoltan Rakonczay, Szeged
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
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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

IV

Jacob Yahav, Rehovot
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
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Massimo Falconi, Ancona
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

WJG|www.wjgnet.com

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
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FIELD OF VISION

Advances in local ablation of malignant liver lesions
Robert M Eisele
the current literature for conventional local ablative
treatment strategies, virtually no single technology is
able to demonstrate an unequivocal superiority. Hints
at better performance of microwave compared to
radiofrequency ablation regarding local tumor control,
duration of the procedure and potentially achievable
larger size of ablation areas favour the comparably
more recent treatment modality; image fusion enables
more patients to undergo ultrasound guided local
ablation; magnetic resonance guidance may improve
primary success rates in selected patients; navigation
and robotics accelerate the needle placement and
reduces deviation of needle positions; laparoscopic
thermoablation results in larger ablation areas and
therefore hypothetically better local tumor control
under acceptable complication rates, but seems to be
limited to patients with no, mild or moderate adhesions
following earlier surgical procedures. Apart from that,
most techniques appear technically feasible, albeit
demanding. Which technology will in the long run
become accepted, is subject to future work.
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Core tip: A wide variety of technical innovations enables
us to use microwave as well as radiofrequency ablation,
various image fusion technologies, magnetic resonance
guidance for local ablation, navigation, robotics, and
minimal invasive access to liver surgery in general in
st
the 21 century. However, in comparison to data found
in the current literature for conventional local ablative
treatment strategies, virtually no single technology
is able to demonstrate an unequivocal superiority.
Most techniques appear technically feasible, albeit
demanding. Which technology will in the long run
become accepted, is subject to future work.

Abstract
Local ablation of liver tumors matured during the recent
years and is now proven to be an effective tool in the
treatment of malignant liver lesions. Advances focus
on the improvement of local tumor control by technical
innovations, individual selection of imaging modalities,
more accurate needle placement and the free choice
of access to the liver. Considering data found in

WJG|www.wjgnet.com

3885

April 21, 2016|Volume 22|Issue 15|

Eisele RM. Advances in local ablation
Eisele RM. Advances in local ablation of malignant liver lesions.
World J Gastroenterol 2016; 22(15): 3885-3891 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i15/3885.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i15.3885

Table 1 Differences comparing radiofrequency ablation
to microwave coagulation therapy with regard to physical
properties

COMMENTARY ON HOT TOPICS
Local ablation of liver tumors matured during the
recent years and is now proven to be an effective tool
in the treatment of malignant liver lesions. Advances
focus on the improvement of local tumor control by
technical innovations, individual selection of imaging
modalities, more accurate needle placement and the
free choice of access to the liver. Repeatedly, different
elements of improving local ablation have been
reported, including the use of microwaves instead
of radiofrequency, magnetic resonance (MR) instead
of computed tomography (CT) or ultrasound (US),
navigation, robotics and minimal invasive surgical
access routes instead of percutaneous or open surgical
approaches. The following contribution is meant
to illustrate some of the more recently envisioned
developments with respect to the current literature.

RFA

MCT

Electromagnetic waves
Frequency
Heating target

Radiowaves
0.3-0.5 MHz
Ions

Heat distribution

Convective

Microwaves
915-2450 MHz
H2O
(approximately 50%)
Direct heating
(within field)
Electromagnetic field
Antenna
Vaporization
Marked shrinkage

Alternating current
Applicator
Desiccation
Size of ablation area

Closed circuit
Electrode
Carbonization
Unaltered/slight
increase

RFA: Radiofrequency ablation; MCT: Microwave coagulation therapy.

Technical innovations
The most important single step was certainly the
spread of microwave coagulation therapy (MCT)
largely replacing radiofrequency ablation (RFA) during
the recent years. MCT is no real novelty, as first
[1]
reports were available as early as 1994 . Microwaves
emitted from a monopolar antenna lead to oscillation
of water molecules in a dielectric surrounding such as
liver tissue. Table 1 provides an overview displaying
the cardinal characteristics of MCT in comparison to
RFA, respectively. The renaissance of MCT is partly
traced to better equipment with intelligent feedback
[2]
controlled generators compared to the first devices ,
but as important seems to be, that MCT is meanwhile
not considered yet another technique to generate
heat in the same way like with RFA, but in contrast
a completely distinct technology for thermal ablation
[3]
with different and unique physical properties . This
leads eventually to an experimentally confirmed less
[4,5]
susceptibility to heat sink phenomena
, shorter
[6]
[7]
treatment duration and larger ablation areas . So
far, no clinical evidence supports the superiority of
MCT to RFA; the only published randomized controlled
trial revealed no statistically significant difference,
and among 14 comparative cohort studies, only three
found a significantly lower local recurrence rate (LR)
[8-10]
following MCT
. The trend to shorter treatment
[11]
times is however already clinically endorsed . In
general, RFA is believed to be most effective in tumors
with a maximum diameter not larger than 3 cm.
MCT promises to be successful also in the treatment
[2]
of larger tumors , most probably when combined

WJG|www.wjgnet.com

Figure 1 Thermal mapping using phase changes in magnetic resonance
imaging, temperature code is depicted in the bar at the right margin of the
image (values in degree Celsius). Courtesy of MedWaves Inc., San Diego,
CA, United States.
[12,13]

with transarterial chemoembolization (TACE)
.
Sustained success may however also be achieved, if
RFA is combined with TACE prior to or following the
[14]
ablation . At date, MCT - albeit promising - has not
yet been convincingly confirmed to be superior to RFA.

Imaging
US is presumably the most popular imaging modality
in use for local ablation. Its value is undisputed; no
differences to CT guidance are reported regarding
success and time needed for needle placement.
The widespread availability is considered a major
advantage. In contrast, MR imaging is limited by
shortcomings in organisation, number and cost of the
required MR machines. MR offers in return several
theoretical advantages in comparison to extant
imaging modalities, including MR thermometry (Figure
1), absence of ionizing radiation and an impression
of better imaging quality for soft tissues. The latter
accounts for a significantly increased primary success
rate following MR-guided RFA in comparison to CTguided RFA (only 4% incomplete ablations vs 21%, p
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Biopsy needle

Cryosurgical probe

Microwave applicator

Tip of the needle

Figure 2 Magnetic resonance imaging of different devices for liver directed interventions. Of note is the inaccuracy in displaying the position of the needle shaft
and tip with older devices and the complete absence of artifacts with the use of a novel microwave applicator. Courtesy of MedWaves Inc., San Diego, CA, United
States.

In contrast, intraoperative US is a clinical reality
in most operation theaters, albeit some nodules are
invisible in B-mode US. Additionally, mistargeting
belongs to the crucial risk factors for local treatment
[22]
failure . A possible solution is registering the position
of the US probe with a position tracking system
and synchronizing the real-time US image with a
previously recorded three-dimensional multiplanar
imaging dataset derived from preoperatively obtained
MR or CT scans (Figure 3), a method called Virtual
Sonography or US Fusion Imaging (UFI). With UFI,
technically successful RFA of hepatocellular carcinoma
was achieved in 94.4%-100%, and local tumor
[23]
progression occurred in 0%-8.3% . In a recently
[24]
published study from Japan , UFI was able to identify
sonographically inconspicuous tumor nodules in 91.7%
sufficiently for a successful RFA procedure, whereas
by the application of US contrast media, the detection
rate increased up to 96.7%. Local tumor control rate
exceeded 90% after a follow-up of 3 years in nodules
with a mean diameter of 14 mm (range 8 to 42 mm).
The remaining tumors were treated by transarterial
chemoembolization. The authors did not explain, why
no other imaging modality was applied in order to
perform a sufficient local ablation treatment.
So far, no evidence suggests superiority of one
or the other imaging modality for guidance of local
ablative therapies in the liver.

Figure 3 Clinical setup for ultrasound fusion imaging. The ultrasound
machine is visible with an additional monitor for displaying the previously
digitally acquired cross-sectional examination images. Meanwhile, there are
also systems with a split screen. The arrow points at the electromagnetic
reference point.

= 0.04), whereas the secondary success rate following
a redo-ablation was not significantly different (4% vs
[15]
10%, p = 0.32) . The former has been shown to be
associated with an evolution of the interventional MR
[16]
scanners from lower (e.g., 0.2 T in 1997 ) towards
[17]
high field machines (e.g., 1.5 T in 2008 ). Nowadays,
MR thermometry allows for an accurate prediction of
size and geometry of an ablation area with a sensitivity
[18,19]
of uniformly reported 87% using a threshold of 60 ℃
.
The spatial resolution is however disappointing, and
displaying the microwave applicator is cumbersome
unless optimized hardware recently became available
(Figure 2). In addition, no study exists comparing
MR-guided interventions to US guidance except for
an experimental evaluation of MR imaging by Chopra
[20]
et al . They found no differences in time to correct
needle placement and number of required attempts.
[21]
Dong et al
recently report on MR-guided MCT.
Both experimental studies have in common the use
of an open MR scanner instead of a closed or double
doughnut system formerly used. An introduction into a
clinically applicable surgical environment is not intended
so far.

WJG|www.wjgnet.com

Targeting Ⅰ: Navigation
Registration and tracking are both technologies of
image processing already mentioned above. Both
are prerequisites for successful navigation. Threedimensional visualization and navigation in defor
mable soft tissues like liver and lung is difficult to
accomplish, if free movements of the patient’s body
due to breathing, intervention during mild sedation or
comorbidities are not prevented. Stereotaxy was first
evaluated and eventually introduced in neurosurgery,
initially using a frame in order to limit the degree
of freedom for movements of the target area in the
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strategy for accurate liver intervention by an optical
tracking system is outlined in a topical paper from
[30]
Guangdong (China) . The group suggests the use of
fiducial markers to deal with the imminent inaccuracies
of soft tissue navigation. So far, no vendor distributes
such a technology.

1

2

Targeting Ⅱ: Robotics - a step
further
If three-dimensional navigation increases the accuracy
of the needle placement - at least under experimental
ex vivo conditions, the complete elimination of
the human component and probability for error
by mechanical positioning will further improve the
precision of an interventional treatment. Robotic
surgery and ablation is emanating from this thesis.
In phantom experiments, the use of a robot reduced
Euklidic deviation from 2.2 to 1.9 mm and the mean
[31]
standard distance from 1.8 to 1.6 mm . The time for
needle placement was however approximately 30 min.
in comparison to approximately 18 min. without the
[32]
roboter. A clinical study endorses the impression :
Robotic assistance required manual correction of the
final needle position in more than 40% of all cases,
resulting in a significantly decreased deviation of
the active center of the microwave applicator from
the tumor center (1.6 mm vs 3.3 mm). In addition,
the exposure to radiation under fluoroscopy was
significantly diminished in case of robotic needle
placement. Methodological research with clinically
applicable hard- and software was presented in 2010
by a group consisting in authors from the United
[33]
States and China . The data for accuracy of needle
placement was within the previously mentioned range
(positioning error between 1 and 2 mm), and the
estimation of the created ablation area was except for
a relative mean error of 5.6% correct. The projection
of the ablation area is indeed the crucial point in
robotic ablation, since it acts on the assumption of
an ideal symmetric geometrical shape of the ablation
[34]
area. Cai et al
describe nicely the mathematical
functions and visualization backgrounds influencing the
quality of predicting the ablation focus under conditions
of unexpected soft tissue deformation, inhomogeneous
heat conduction and undesired needle paths. The
authors emphasize the demand for extensive training
of the staff prior to the introduction of such techniques
in a clinical environment. So far, no robotic application
is set in clinical standard treatment protocols.

3
4

7

5
6

Figure 4 Example for a navigation device using optical tracking. The
crucial elements are shown under intraoperative conditions with a phantom liver
model. 1: Stereooptic camera; 2: Monitor with a horizontally and vertically split
screen; 3: Reference point; 4: Radiofrequency generator; 5: Ultrasound probe; 6:
Liver phantom; 7: Pointer.

central nervous system. Later, frameless navigation
was available and evaluated in phantom experiments
revealing deviations of 1.1 ± 0.4 mm for accurate
needle placement with one commercially available
[25]
system , ranging from 1.67 to 2.91 mm with two
[26]
others under MR guidance . Further research
confirmed the high precision of yet another system
[27]
with 1.1 ± 0.5 mm deviation . Frameless stereotaxy
opened the way for the application of navigation in the
liver (Figure 4).
Navigation in liver directed surgery and inter
ventions have been a subject of investigation for long.
[28]
An overview is provided by Chopra et al
2010. The
authors describe a few single center experiences with
optical and electromagnetic tracking, which after all
reveal the disappointing result, that three-dimensional
navigation seems to be feasible, but to date not yet
superior to conventional two-dimensional biopsy US
probes. Despite all obstacles, there are currently
computer-assisted navigational systems commercially
available. Similarities and differences among them
[29]
are exhaustively discussed in an up-to-date paper
including a single center experience with one of the
presented systems. The authors conclude, that working
with the electromagnetic tracking system improved
their performance compared to an ancient optical
navigation device. Mean time to lesion acquisition was
comparably short with only 3.5 min. Success rate with
first-attempt passes was 93%. A direct comparison to
conventional MCT procedures was not intended. The
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Minimal invasive treatment
strategies
The goal of a local ablative treatment is complete
tumor destruction with minimal side effects. In order
to minimize adverse effects, miniaturization of the
access to local ablation is intended. Occasionally, the
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technical remarks, no trial has ever been conducted
showing superiority to more traditional procedures.
Theoretic advantages encompass less risk of ascites
and collateral injury to intraabdominal organs when
comparing transthoracic ablation to open abdominal
surgery, while local tumor control is reportedly superior
to results obtained in percutaneous interventions,
but no scientific evidence supports these postulations
so far. With HALS, the advantages derived from the
formation of pneumoperitoneum are preserved, albeit
the open surgical part of the procedure imposes a
similar risk to intraabdominal injury and consecutive
morbidity upon the patient. In summary, except for
proof of concepts, confirmation of improvements in
local ablation using transthoracic approaches and/or
HALS lacks.
Where are we now, and which prospects for the
future may be drawn from the previous paragraphs?
A wide variety of technical innovations enables us to
use microwave as well as radiofrequency ablation,
various image fusion technologies, MR guidance for
local ablation, navigation, even robotics, and minimal
st
invasive access to liver surgery in general in the 21
century. However, in comparison to data found in
the current literature for conventional local ablative
treatment strategies, virtually no single technology
is able to demonstrate an unequivocal superiority.
Hints at better performance of MCT compared to
RFA regarding local tumor control, duration of the
procedure and potentially achievable larger size of
ablation areas favour the comparably more recent
treatment modality; image fusion enables more
patients to undergo ultrasound guided local ablation;
MR guidance may improve primary success rates in
selected patients; navigation and robotics accelerate
the needle placement and reduces deviation of needle
positions; laparoscopic thermoablation results in larger
ablation areas and therefore hypothetically better
local tumor control under acceptable complication
rates, but seems to be limited to patients with no,
mild or moderate adhesions following earlier surgical
procedures. Apart from that, most techniques appear
technically feasible, albeit demanding. It is a challenge
to learn all novel treatment modalities and exhibit a
satisfying command on it. So far, it remains an open
question, which will eventually survive. In view of all
mechanical and electronical support, there are some
activities in our world, which are still best performed
by humans, despite all highly sophisticated machines
surrounding us.

RFA-device
Hand-Port

Ultrasound probe

5 mm Port
Camera

Figure 5 Clinical application of hand-assisted laparoscopic surgery.
Intraoperative radiofrequency ablation using hand-assistance. The advantages
of a minimal-invasive approach are preserved.

least invasive, percutaneous way is unsound or even
[35]
dangerous . In such cases, laparoscopic procedures
[36]
are suggested . Advantages of laparoscopy for
thermoablation are related to the direct visualization of
the abdominal cavity, which offers diagnostic features
like better tumor staging using laparoscopic ultrasound
(LUS) as well as the opportunity of detecting extra
hepatic intraabdominal tumor spread, and therapeutic
implications in preventing thermal injury of abutting
organs and structures, which are separated from the
surface of the liver by the pneumoperitoneum itself
[36]
or by distinct devices . In addition, the combination
of a thermoablation with laparoscopy results in
specific additive effects. LUS works usually with higher
frequencies and thus displays a higher resolution
enabling a more accurate and precise needle placement
besides the above mentioned diagnostic property. The
pneumoperitoneum in turn decreases tissue perfusion
and reduces convective heat sink phenomena, leading
[37]
to larger ablation areas
and therefore preferably
less local treatment failures. Clinical evidence for
favourable outcome after laparoscopic RFA/MCT is
scarce; a retrospective study recently presented a
multivariate analysis of risk factors for local recurrence
[36]
after US guided laparoscopic or percutaneous MCT .
Laparoscopic MCT was a statistically significant
independent prognostic factor for better local tumor
control. Since no randomized controlled trial is available,
the conclusion of clinical superiority of laparoscopic
compared to percutaneous MCT is drawn from this and
other retrospective studies.
However, a large amount of indications to local
ablation account for patients with recurrent disease
following previous surgery. Adhesions frequently
occurring after open surgery to a certain extent make
laparoscopy difficult to accomplish if not impossible
at all. Reluctance to offer open surgical access to
local ablation in the liver is comprehensible. Hence,
alternative approaches have been suggested including
[38]
hand-assisted liver surgery (HALS, Figure 5)
and
[39]
transthoracic local ablation . Not a lot of experience
is reported with both techniques worldwide. Besides
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2016 Alcoholic Liver Disease: Global view

New treatment options for alcoholic hepatitis
Saggere Muralikrishna Shasthry, Shiv Kumar Sarin
options. Steroids remain the current standard of care in
severe alcoholic hepatitis in carefully selected patients.
No specific treatments are available for those patients
who are steroid ineligible, intolerant or unresponsive.
Liver transplant has shown good short-term outcome;
however, feasibility, ethical and economic concerns
remain. Modification of gut microbiota composition and
their products, such as lipopolysaccharide, nutritional
interventions, immune modulation, increasing steroid
sensitivity, genetic polymorphism and epigenetic modi
fication of alcohol induced liver damage, augmenting
hepatic regeneration using GCSF are potential therapeutic
avenues in steroid non-responsive/ineligible patients.
With better understanding of the pathophysiology, using
“Omics” platforms, newer options for patients with
alcoholic hepatitis are expected soon.
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Core tip: With better treatment options available for
other liver diseases like viral hepatitis the proportion
of alcoholic liver disease is on the rise. Alcoholic
hepatitis is the most serious presentation of alcoholic
liver disease with significant morbidity, mortality and
health care burden. Treatment options in steroid nonresponders and steroid ineligible patients of severe
alcoholic hepatitis are limited. Newer treatment options
for these patients are the need of the hour. The
molecular and cellular targets have been discussed.
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Abstract
The burden of alcoholic liver disease has rapidly grown
in the past two decades and is expected to increase
further in the coming years. Alcoholic hepatitis, the most
florid presentation of alcoholic liver disease, continues
to have high morbidity and mortality, with significant
financial and healthcare burden with limited treatment
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the downstream pathways of fatty acid synthesis and
[19]
degradation , the NADH reduction/oxidation potential
in the liver and reduced microsomal triglyceride
transfer protein activity are all implicated in the chronic
[20,21]
alcoholism related fatty liver
.
Some unclear triggering event is responsible for the
initiation of steatohepatitis, in patients with alcoholic
fatty liver who continue to consume excessive alcohol.
Gut dysbiosis, increased gut permeability, altered
alcohol metabolism, increased lipopolysaccharide
release into portal circulation, genetic background,
associated malnutrition and micronutrient deficiency
have been implicated as the initiating event for
[21,22]
inflammation
and decide the severity of alcoholic
[23-25]
hepatitis and cellular injury
. Acetaldehyde (the
major product of alcohol metabolism) adducts forming
neoantigens leading to activation of adaptive immune
[26,27]
system
, impaired glutathione function, oxidative
[28-30]
stress and apoptosis
lead to inflammation and
liver injury.
Prolonged alcohol intake markedly upregulatesCyto
chrome P450 2E1 (CYP2E1) activity. CYP2E1 dependent
microsomal electron transport system of the respiratory
chain, NADH  dependent cytochrome reductase and
xanthine oxidase are involved in the production of
[31-33]
reactive oxygen species
in addition to alcohol
dehydrogenase and aldehyde dehydrogenase. Thus
alcohol ingestion stimulates the generation of ROS
[34]
and hydroxyl radicals . These metabolites and
ROS activate various downstream inflammatory
pathways that involve nuclear factor-κB (NF-κB), signal
transducer and activator of transcription (STAT)Janus kinase (JAK) and cJun N terminal kinase (JNK)
in hepatic resident cells, leading to local synthesis of
inflammatory mediators, such as tumor necrosis factor
(TNF), IL-17, CXC chemokines (including IL-8), as well
[21,35-40]
as osteopontin
.
Alcohol intake also induces dysbiosis in the gut and
alters the gut permeability leading to increased levels
of lipopolysaccharides in the portal circulation. This
increase in lipopolysaccharide induces inflammatory
activation of Kupffer cells via the CD14-Toll-like
[41]
receptor (TLR) 4 pathway . Finally, increased
endoplasmic reticular stress due to impaired protein
degradation forms Mallory Denk bodies (hepatocellular
[42]
aggregates of cytokeratins) .
Robust involvement of innate and adaptive immune
disturbances in patients with alcoholic hepatitis is
well known but has been only partially explored.
Exaggerated systemic inflammatory response but
still increased susceptibility to bacterial infections is
[43]
the characteristic of alcoholic hepatitis
meaning to
say that their immune cells are stimulated but with
[44]
impaired antibacterial functions . Although precise
immunological mechanisms of alcoholic hepatitis are
[45]
not clear, both adaptive
(neoantigens) and innate
[46]
immune activation
are known to drive the clinical
out look of alcoholic hepatitis (Systemic inflammatory

INTRODUCTION
Better fortunes and increased stress have led to
life style changes across the world. Alcohol has be
come the commonest and most socially acceptable
hepatotoxin worldwide. Additionally, with the avai
lability of better drugs and more treatment options
for managing liver disorders related hepatotrophic
viruses, the proportion and burden of alcoholic liver
disease has grown, and is likely to increase in the
coming years. Alcoholic hepatitis (AH) related hospital
admissions continue to increase with substantial
[1,2]
increase in healthcare cost and utilization . The
spectrum of alcoholic liver disease varies from fatty
liver, steatohepatitis, compensated/ decompensated
cirrhosis, to hepatocellular carcinoma. Alcoholic he
patitis is the most florid manifestation of alcoholic
liver disease with substantial morbidity, mortality and
financial burden. The treatment options of severe
alcoholic hepatitis (Maddrey’s discriminant score >
32) however, have not changed in nearly past three
decades. Steroids, pentoxifylline and nutrition therapy
remain the only accepted options available for the
[3-5]
management of severe alcoholic hepatitis . There is
no advantage of combining or sequencing steroids and
[6-10]
pentoxifylline in comparison with either alone
. No
medical options are available to treat severe alcoholic
hepatitis patients who are steroid unresponsive (Lille
score > 0.45). Similarly no options are available for
steroid ineligible patients (upper gastrointestinal
bleed, impaired renal functions and/or sepsis) who far
outnumber the patients who are eligible and respond
to steroids. With advances in basic sciences and better
understanding of the pathogenesis of alcoholic liver
disease, significant advances in the management
of severe alcoholic hepatitis are likely. This review
discusses various aspects of the pathogenesis and
targeted treatment options in patients with alcoholic
liver disease.

PATHOGENESIS OF ALCOHOLIC
HEPATITIS
Alcoholic steatosis is a complex process manifested
through several mechanisms (Figure 1). The main
pathogenetic factors underlying this process are
increased fatty acid and triglyceride synthesis,
enhanced hepatic influx of free fatty acids from adipose
tissue and of chylomicrons from the intestinal mucosa,
increased hepatic lipogenesis, inhibited lipolysis, and
damaged mitochondria and microtubules, all of which
[11-16]
result in accumulation of VLDL
. Lipogenic enzymes
are overexpressed in alcoholics due to downregulation
of peroxisome proliferator activated receptor α (PPARα)
and the induction of sterol regulatory element binding
[17,18]
protein (SREBP)
. AMP activated protein kinase
(alters relative concentrations of intra cellular malonyl
coenzyme A and long chain acyl coenzyme A) and
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Chronic alcohol intake
Pathways
(1) ↑ Acetaldehyde and acetate
(2) ↓ Decreased PPAR-a
(3) ↑ SREBP
(4) ↓ AMP kinase activity
(5) ↑ NADPH/H+

Mechanisms
(1) ↑ Lipogenesis (fatty acid synthesis/
  triglyceride synthesis)
(2) ↑ f.a influx and decreased f.a. efflux
(3) ↓ lipolysis

Alcoholic steatosis
Unknown triggers

Continued alcohol consumption
Pathways:
(1) Activation of Kupffer cells- CD-14/TLR4
(2) NF-kB↑, JAK-STAT, cJNK pathways
(3) Generation of local inflammatory mediators
- TNF-a, chemokines (including IL-8), IL-17,
osteopontin, etc.
(4) Generation of reactive oxygen species and
hydroxyl ethyl radicals- O2-, OH
(5) ↑ Endoplasmic reticular stress
(6) Exaggerated local and systemic inflammatory
response
(7) Immune dysfunction and susceptibility to
infections

Initiating event:
(1) Dysbiosis/↑ gut permeability
(2) ↑ LPS/bacterial products in portal circulation
(3) Altered alcohol metabolism
(4) Genetic background
Insulin resistance
ALDH/ CYP2E1 polymorphisms
(5) Malnutrition/micronutrient deficiency
(6) Formation of neo-antigens
(7) Altered immune response (adaptive/innate)

Alcoholic hepatitis

Figure 1 Pathogenesis of alcoholic hepatitis.

response). The precise mechanism or event that
triggers the acute event in alcoholic hepatitis is still
cryptic.
Some questions like, why only few chronic alco
holics develop liver disease and more so alcoholic
hepatitis, why only few patients with alcoholic hepatitis
respond to steroids and the standard of care and
why only some of the alcoholic hepatitis patients are
prone to develop renal impairment/ infections remain
unanswered. The potential new treatments and key
to better management of alcoholic hepatitis lie in the
answers to the above questions.

glucose consumption by the pentose phosphate
pathway, altered tricarboxylic acid (TCA) cycle activity,
and enhanced peptide catabolism were noted. The
same group has also demonstrated distinct lipidomic
[48]
profile
in patients with severe alcoholic hepatitis in
comparison with alcoholic cirrhosis with higher serum
Resistin and plasma activation inhibitor-1 levels in and
a decrease in serum Leptin levels in severe alcoholic
hepatitis patients. Serum levels of the pro-lipolytic
cytokines - tumor necrosis factor α, interleukin (IL)-6;
IL-8 and IL-15 were found to be higher in severe
alcoholic hepatitis patients in comparison to alcoholic
cirrhosis. Serum IL-6 levels ≥ 38.66 pg/mL most
precisely identified deaths in severe alcoholic hepatitis
patients (levels ≥ 38.66 pg/mL had significantly
decreased mean survival). Explosion of knowledge and
understanding of metabolomic profiling (transcriptome,
proteome and metabolome) in alcoholic hepatitis
should lead to discovery of novel weak points in the
pathogenesis. Future metabolomics studies should be
able to identify novel specific therapeutic targets in the
management of alcoholic hepatitis, which is the need
of the hour.

METABOLOMIC PROFILING
Metabolomic profiling is one of the recently deve
loped methods for identifying newer biomarkers. A
[47]
recent study
compared serum metabolic profile
between severe alcoholic hepatitis patients (n = 25)
and alcoholic cirrhotics (n = 25). They have found
altered levels of many biochemicals in subjects with
severe AH and also demonstrated that metabolo
mic profiles separated the two cohorts with 100%
accuracy. Severe AH was associated with enhanced
triglyceride lipolysis, impaired mitochondrial fatty
acid beta-oxidation, upregulated omega oxidation
and decreased plasma membrane remodeling.
While most measured bile acids were increased,
low deoxycholate and glycodeoxycholate levels
suggested intestinal dysbiosis in severe AH. Several
changes in substrate utilization including increased
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temic absorption and broad-spectrum activity against
gastrointestinal tract micro-organisms that has been
[53]
previously used to treat hepatic encephalopathy ,
is now being studied with regards to improving liver
function in alcoholic cirrhosis. In a study, 28-d course
of Rifaximin has been shown to decrease serum
endotoxin levels in both systemic and splanchnic cir
culation along with significant improvement in HVPG in
[54]
alcoholic cirrhotic patients .
Role of intestinal flora in the pathogenesis of
alcoholic hepatitis is well known. However, targeting
gut micro biome in the management of alcoholic
hepatitis has rarely been attempted. This looks to be a
promising area.

Table 1 Potential new avenues for research and therapy in
severe alcoholic hepatitis
Gut microbiota modification
Antibiotics (luminal, systemic)
Prebiotics and probiotics
Fecal microbiota transplantation (FMT)
Blockade of LPS and its downstream pathways e.g., PD-1 and TIM-3
inhibition
Immune modulation
Chemokines e.g., CCL20 inhibition
IL-8, IL-17 inhibition
Recombinant IL-22, recombinant human IL-10
Osteopontin inhibition
TNF-alfa superfamily receptor modulation
ADAMTS 13 enhancement
Inhibition of complement activation
Inhibition of inflammasome activation
Increasing steroid sensitivity
E.g., Basiliximab, Theophylline
Modification of genetic polymorphism of alcohol metabolizing enzymes
Epigenetic modification of alcohol induced liver damage
Liver regeneration and Early liver transplantation
Granulocyte colony stimulating factor (G-CSF)
Liver transplantation (DDLT/LDLT)
Setting up of alcohol units for post transplant support
Others
Extracorporeal liver support
Granulocytopheresis
Anti-oxidants - N-Acetyl Cysteine, S-Adenosyl Methionine

Lipopolysaccharide: Gut-derived microbial Lipo
polysaccharide (LPS), a component of the outer wall
of gram-negative bacteria, has been known to have
[55,56]
a central role in the pathogenesis of ALD
. Alcohol
has been known to cause dysbiosis and as well disrupt
the gut barrier function, consequently, promoting
the translocation of microbial LPS from the lumen
of the intestines to the portal vein, where it travels
to the liver. In the Kupffer cell, LPS binds to CD14,
which combines with toll-like receptor 4, ultimately
activating multiple pro-inflammatory cytokine
[57]
genes . Therefore, probiotics, prebiotics, antibiotics,
or transplantation of gut-microbiota may be proposed
as possible treatment avenues for AH, by attenuation
of the increase in LPS or normalising the healthy gut
flora. Recently, fecal microbiota transplantation (FMT)
has been successfully used in the treatment of lifethreatening infections with Clostridium difficile. Gut
bacteria being actively involved in the pathogenesis
of alcoholic hepatitis, FMT might have a potential role
in the management of alcoholic hepatitis. There is
however, little data to support this proposition.
[58]
Michelena et al
have recently shown in 162
alcoholic hepatitis patients that blood LPS levels help in
predicting progression to multiorgan failure, mortality
and the response to steroids. Severe AH patients also
have increased expression of TLRs (TLR 2, 4, and 9)
in neutrophils along with impaired phagocytic function
[44,59]
and increased secretion of CXC chemokines
suggesting that increased expression of TLRs can
trigger neutrophils to display an inflammatory rather
[60]
than phagocytic phenotype. Markwick et al
have
recently shown that 2 known immunoinhibitory
factors [i.e., programmed death (PD-1) and T-cell
immunoglobulin and mucin domain (TIM-3)] may
play a role in the impaired immune function in AH.
The authors found that antibacterial innate and
adaptive immunity is severely dysfunctional in AH,
differentiating these patients from stable alcoholic
cirrhotics. Importantly, LPS or gut-derived endotoxin,
which are typically elevated in sera of patients with AH,
induced the overexpression of PD-1 and TIM-3 and
their ligands PD-L1 and galectin-9 in all T-cell subsets.

without any active infections or active UGI bleeding
or renal impairment. Prednisolone is conventionally
given at a dose of 40 mg per day for 4 wk followed
by tapering over next 2 wk, with close monitoring for
infections and other side effects of steroids. Despite
the best standard of care and steroids, many patients
either do not respond to steroids or are not eligible
for steroids. Large majority of steroid intolerant,
ineligible, unresponsive alcoholic hepatitis patients
are thus left with no specific available treatment
options. Better understanding of the pathogenesis of
alcoholic hepatitis and advances in the basic sciences
are opening new avenues for alcoholic hepatitis, as
described below (Table 1).

Gut microbiota

Pre/probiotics and antibiotics: Several studies
have shown that patients with liver disease have
abnormal bowel flora overgrowth and thus probiotics,
which help to restore normal bowel flora, have been
proposed as a possible treatment for alcoholic liver
[49,50]
disease
. Alcoholic patients who received probiotics
(Bifidobacterium or Lactobacillus) for 5 d had improved
[51]
AST, ALT and GGT levels in comparison to placebo .
Another study on alcoholic patients has shown that
4 wk probiotics (Bifidobacterium or Lactobacillus)
improve and normalize neutrophil phagocytic capacity
and decrease the endotoxin stimulated levels of
soluble TNF-receptor-1, soluble TNF-receptor-2 and
[52]
interleukin-10 ex vivo at the end of the study .
Rifaximin, a derivative of Rifamycin, with low sys
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Excess alcohol consumption

Dysbiosis

Intestinal oxidative stress

Leaky gut/intestinal inflammation

LPS release into portal circulation/kupffer cell activation

Release of inflammatory mediators/chemoattractants/chemokines
(IL-6, IL-8, TNF-α, Chemokines, ROS, immune activation, etc. )

Alcoholic steatosis
(increased synthesis and decreased oxidation and efflux of fatty acids
Hepatic inflammation with systemic
symptoms
(alcoholic hepatitis)

Figure 2 Potential steps in the initiation of alcoholic hepatitis, which can be modulated by targeting, the gut microbiome.

Immune modulation

The blockade of these immunoinhibitory pathways
restored normal lymphocyte (T-cell, natural killer/
natural killer T cells, and T-regulatory cells) immunity
and enhanced neutrophil antimicrobial activity. These
results strongly suggest that LPS-induced expression
of immunoinhibitory factors may play a role in the
impaired antibacterial host immunity in AH. They also
have shown that reduced interferon-γ/IL-10 ratios
had a direct effect on PD1 and Tim3 expression on
T-cell subsets. In another study, the soluble CD163, a
specific marker of inflammatory macrophage activation
was shown to be elevated in severe alcoholic hepatitis
patients likely via LPS pathway (10 folds in comparison
to controls and 3 folds in comparison to stable alcoholic
[61]
cirrhotics) . Hepatic macrophages may thus present
a target for biological therapy of AH. Inflammatory
activation of resident hepatic macrophages (Kupffer
cells) by portal-derived lipopolysaccharide (LPS) has
a primary role in hepatic inflammation in alcoholic
hepatitis.
So, gut dysbiosis leading to increased gut derived
bacterial products leads to immune-activation,
exhaustion and paralysis in severe alcoholic hepatitis.
Thus, changing the gut microbiome and/or altering the
down stream inhibitory immune signals might improve
outcomes in alcoholic hepatitis (Figure 2).
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Chemokines: Chemokines are known to play
an important role in the pathogenesis of alcoholic
hepatitis. Many of the chemokines have been shown
to be upregulated in the livers of alcoholic hepatitis.
Early studies revealed that the levels of several CXC
subfamily members, including IL-8, Gro-α, CXCL5,
CXCL6, CXCL10 and platelet factor 4, are signifi
cantly elevated in AH livers compared with normal
healthy control livers, and correlate with neutrophil
infiltration and the severity of portal hypertension
[36,38,62]
and patient survival
. CC chemokine CCL2 is
[62]
also upregulated . Higher expression levels of IL-8,
CXCL5, Gro-γ, and CXCL6 were associated with a
[38]
worse prognosis . Among these chemokines, CCL20
is one of the most upregulated chemokines in AH
[63]
liver tissue . Many inflammatory mediators such
as LPS, TNF-α, and IL-1β induce CCL20 expression.
The mechanism by which CCL20 contributes to the
pathogenesis of AH remains unknown. The major
function of CCL20 is to attract lymphocytes, dendritic
cells, Helper T 17 (Th17) cells and monocytes and to a
[62]
much lesser extent, attract neutrophils . These cells
then produce inflammatory mediators and chemokines
that subsequently cause neutrophil infiltration in AH.
So CCL20 has an important role in regulating adaptive
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CCL20
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Dendritic
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LPS

Stellate cells
Gut
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Liver

Figure 3 Model depicting the roles of CCL20 in alcoholic steatohepatitis. Excessive alcohol drinking results in elevated levels of bacterial products, such as
lipopolysaccharides (LPS), in the portal blood. LPS, via targeting TLR4, stimulates Kupffer cells and hepatic stellate cells to produce CCL20. This chemokine activates
dendritic cells (DCs) and monocytes/macrophages to produce proinflammatory cytokines by targeting CCR6, leading to liver inflammation[62].
[38]

immunity and autoimmunity (Figure 3). In their study
[63]
Affò et al
have shown that the levels of CCL20
are elevated in patients with alcoholic hepatitis and
correlate with the levels of endotoxemia, degree of
fibrosis and portal hypertension. Macrophages and
hepatic stellate cells (HSCs) were identified as the main
CCL20 producing cell types. And also they have shown
that silencing CCL20 in vivo reduces - LPS induced
aspartate aminotransferase and lactate dehydrogenase
serum levels and hepatic proinflammatory and pro
fibrogenic genes.
Further studies in future models and human livers
of AH are required to determine if targeting CCL20 is
an effective and safe therapeutic strategy to modulate
the inflammatory response and liver injury in alcoholic
[64]
hepatitis .
Several chemokine receptor antagonists are being
developed. But so for only two drugs have been
approved for non-inflammatory diseases: a CCR5
inhibitor used to treat HIV, and a CXCR4 antagonist
[65]
which serves as a hematopoietic stem cell mobiliser .
Most common reason for failure is the receptor re
dundancy (one chemokine can target several recep
tors and vice versa). Development of chemokine
receptor blockers which can block multiple receptors
are needed to counter the receptor redundancy. Better
translational and human studies are required to identify
further key targets to block chemokine induced hepatic
inflammation.

in patients with alcoholic hepatitis . IL-8 gene
expression is also related to neutrophil hepatic
[38]
infiltration as well as increased portal pressure .
IL-8 inhibition should lead to decrease in neutrophil
infiltration of liver but the effect on bactericidal function
of neutrophils could be a potential concern.
Th17: T cells producing Th17 have a central role in
[66]
many inflammatory and autoimmune conditions .
IL-17 can act as a neutrophilchemotaxinand can also
stimulate production of other chemotaxins such as IL-8
[67]
and CXCL1 . Serum and liver tissue IL-17 and IL-17
producing T cell are elevated in patients with alcoholic
hepatitis and the number of infiltrating cells correlate
with the Maddrey Discriminant Function. The increased
levels of IL-17 within the liver are likely to act on
hepatic stellate cells, which when stimulated with IL-17
[39]
increase chemotaxis of neutrophils .
Secukinumab, a humanised anti-IL-17A monoclonal
antibody has shown some success in the phase 1 trials
in the treatment of rheumatoid arthritis, psoriasis and
[68]
uveitis . To date no studies of secukinumab have
been reported in patients with liver disease, which
could be a potential agent.
IL-22/signal transducer and activator of trans
cription 3: IL-22 a member of IL-10 family of cytokines
(produced by helper T17 and NK cells) has important
[37]
role in bacterial infections and tissue repair . IL-22
might be used to treat patients with ALD because of its
antioxidant, antiapoptotic, antisteatotic, proliferative,
and antimicrobial effects and it has been shown to work
through activation of STAT3 in animal models of ALD.
More over IL-22 receptor 1 expression is upregulated,

IL-8: Inhibition of neutrophil mediated hepatic injury
might also be a potential therapeutic approach in
managing AH. A higher level of IL-8 gene expression
has been shown to correlate with poorer outcome
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whereas IL-22 expression is undetectable, in patients
[40]
[69]
with alcoholic hepatitis . Støy et al
have found
higher frequencies of IL-22 producing T-helper cells
in alcoholic hepatitis patients (n = 21) in comparison
with stable cirrhotics (n = 10) and healthy controls
(n = 10). The frequency of IL-22-producing T helper
cells was higher in AH patients and more so in those
whose condition seemed to improve with improvement
in alcoholic hepatitis severity. A study in a chronic
ethanol-fed mouse model showed that treatment with
recombinant IL-22 improves liver injury and hepatic
[40]
oxidative stress
and another study in murine model
of acute hepatitis, IL-22 receptors have been shown
to be upregulated in the hepatocytes and blockade
of IL-22 receptors has been shown to exacerbate the
disease and administration of IL-22 to ameliorate the
[70]
same .
So, IL-22 augmentation could be a potential
therapeutic target in the management of alcoholic
hepatitis. As IL-22 is produced by IL-17 cells, which
also are involved in the production of pro inflammatory
cytokines in the pathogenesis of alcoholic hepatitis,
selective augmentation of IL-22 might be useful.

was mainly expressed in areas with inflammation and
fibrosis. Two proteases that process OPN (thrombin
and matrix metalloproteinase 7) and cleave OPN are
increased in livers with AH. OPN synthesis is induced
[78]
by lipopolysaccharide . Fibrogenic mediators such as
TGF-β are known to increase the OPN expression and
also the alcohol mediated liver injury is attenuated in
[21]
mice that lack OPN . Human and experimental data
suggest a role for OPN in the pathogenesis of AH.
Further studies should evaluate OPN as a potential
therapeutic target.
TNF superfamily receptors: Anti TNF-α agents
like infliximab have been used with only limited
[79,80]
clinical success and significant side effects
.
Several members of the TNF receptor superfamily
are markedly upregulated in patients with alcoholic
hepatitis. TNF receptor superfamily member 12A (also
known as Fn14 or the Tweak receptor) is markedly
over expressed in these patients and its expression
[21]
correlates with the severity of alcoholic hepatitis .
TNFRSF12A is mainly expressed in hepatic progenitor
cells, which accumulate in patients with severe
forms of alcoholic hepatitis. Therapeutic utility of
this information needs further exploration. With the
availability of metabolomics and transcriptomics, new
[81]
therapeutic targets are expected. Affò et al , have
identified increased expression of TNF-α superfamily
receptors by transcriptome analysis of the liver tissue
from alcoholic hepatitis patients. They have also shown
that 207 genes are differentially expressed in patients
with AH (> 5-fold) and revealed seven pathways
differentially regulated including “cytokine-cytokine
receptor interaction”. Several tumor necrosis factor
(TNF) superfamily receptors, but not ligands, were
overexpressed in AH. Fn14, the receptor for TNF-like
weak inducer of apoptosis, was selectively upregulated
in patients with AH (n = 5) in comparison to normal
controls (n = 7).
Intricate linkage analysis of the downstream
signaling pathways might provide further insight in to
the exact role and as well as therapeutic utility of the
TNF and its receptors.

IL-10: IL-10 is a potent anti-inflammatory cytokine,
which suppresses the production of many proinflammatory cytokines including TNF-α by Kupfer
cells, monocytes and T-Helper cells and also from
[71]
neutrophils . IL-10 levels correlate with response
to steroids and survival in patients of alcoholic
[72,73]
hepatitis
. So far, recombinant human IL-10
(rhuIL-10) has failed to show any benefit in clinical
trials on patients with Crohn’s disease although well
[74,75]
tolerated
. A pilot open label study of rhuIL-10 in
combination with glucocorticoids in 8 patients with
severe AH failed to show any changes to neutrophilderived or serum IL-8 and TNF-α production or
improvement in mortality or disease severity in
[76]
comparison with the control group .
Osteopontin: Osteopontin is an extracellular
matrix protein and is highly expressed in alcoholic
hepatitis patients and the levels of osteopontin
(OPN) are found to have very good correlation
with the disease severity. OPN is reported to act
as an immune modulator in a variety of mannerschemotaxis, immune cell recruitment and activation
and modulation of apoptosis. In target cells, OPN binds
to integrin and CD44 to promote profibrogenic and
[77]
inflammatory actions . There is growing evidence
to suggest that OPN plays a major role in the woundhealing response to acute and chronic injury in many
[78]
organs . Hepatic expression and serum levels of OPN
are markedly increased in AH, compared to normal
livers and other types of chronic liver diseases, and
its levels have been shown to correlate with shortterm survival. Serum levels of OPN also correlated
with hepatic expression and disease severity. OPN
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Proapoptotic molecules:Fas and Bcl-2: Oxidative
stress stimulates the expression of Fas and Bcl2 in
[82,83]
the livers of patients with alcoholic liver disease
.
These targets are very appealing in the short-term
management of acute alcoholic hepatitis.
ADAMTS13: von Willebrand factor cleaving
protease: Activity of ADAMTS13 (a disintegrin
and metalloproteinase produced by stellate cells) is
decreased in alcoholic hepatitis due to pro inflammatory
cytokines. This leads to accumulation of thrombi
of unusually large von Willebrand factor leading to
sinusoidal microcirculatory disturbances and subsequent
[84,85]
liver injury
. Therapeutic potential of this fact needs
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to further exploration.

glucocorticoid therapy in patients who do not respond
to this therapy.

Complement: Inflammation and systemic inflam
matory response (SIRS) are an integral part of
alcoholic hepatitis. Alcohol induced activation of com
plement system contributes to the pathophysiology of
[86]
alcohol related liver injury . In their study Shen et
[86]
al
have shown significantly higher immunoreactivity
intensity of C1q, C3, and C5 as well gene expression
of C1q and C5 in patients with alcoholic hepatitis than
that seen in normal controls. They have also shown
the co-localization of C5a receptor (C5aR) in MalloryDenk bodies (MDBs) forming balloon hepatocytes.
C5aR was focally overexpressed in the MDB forming
cells.Inhibition of complement activation could be a
potential therapeutic option in the management of
severe alcoholic hepatitis.

Genetic polymorphism: Discoveries through ge
nomic technologies and genome-wide association
studies (GWAS), have increased evidence for genetic
determinants of liver damage and progression to
cirrhosis, and have implicated novel etiologic pathways.
We know that not all heavy drinkers ever progress to
cirrhosis. So the question remains why some people
progress to cirrhosis, while others who drink to similar
levels don’t? Evidence from twin studies, variability
in inter-ethnic ALD mortality rates and the recent
association of PNPLA3 variant with alcoholic cirrhosis
indicate that there is an underlying genetic basis
that may account for the variability of liver damage
observed in heavy drinkers, independent of alcohol
[89]
dependence . Genetic polymorphisms of ethanol
metabolizing enzymes such as cytochrome p450 (CYP)
2E1 activation may change the severity of ASH.

Inflammasomes: Recent studies indicate that the
inflammasome activation plays important roles in
the pathogenesis of AH. Nod-like receptor protein 3
(NLRP3) is a key component of the macromolecular
complex that is so called the inflammasome that
triggers caspase 1-dependent maturation of the
precursors of IL-1β and IL-18 cytokines. It is expressed
in myeloid cells and is a component of the innate
[87]
immune system . Inflammasome activation in AH
liver biopsy specimen has been shown to correlate
with Mallory Denk body (MDB) formation, suggesting
that MDB could be an indicator of the extent of
inflammasome activation.
So, new studies targeting inhibition of inflam
maosome activation might discover some new
treatment avenues for managing alcoholic hepatitis.

Epigenetic modification: Ethanol consumption
causes epigenetic changes that may contribute to
alcohol-induced liver damage. Exposure to ethanol
or its metabolite (acetate), up-regulates histone
acetylation in macrophages, which causes upregulation of transcription of several pro-inflammatory
cytokines, leading to the development of alcoholic
hepatitis. Therefore, epigenetic modifications can be
[90]
new therapeutic target .

Liver regeneration through growth factors

Liver regeneration and stem cell therapy are active
areas of current research in the field of hepatology.
Ineffective liver regeneration has been postulated as
one of the major reasons for progressive liver failure
and non-recovery with conservative management in
patients with alcoholic hepatitis. Recently Dubuquoy
[91]
et al
have shown in explant livers from a small
group of steroid non-responsive alcoholic hepatitis (n
= 16) that their livers lack cytokine profile conducive
for liver regeneration (TNF-α and IL-6) and also have
shown insufficient hepatic progenitor cell differentiation
tendency towards hepatocyte lineage.
In experimental models of alcoholic hepatitis, the
administration of the cytokine granulocyte colonystimulating factor (G-CSF) was found to mobilize the
hematopoietic stem cells, induce liver regeneration,
[92,93]
and improve survival
. In patients of alcoholic
hepatitis, a 5 d G-CSF administration, (10 μg/kg/d,
+
subcutaneously) mobilised CD34 stem cells, increased
circulating hepatocyte growth factor and induced
proliferation of hepatic progenitor cells in liver biopsy
[94]
specimens . A randomised placebo-controlled trial
from our group using G-CSF (12 doses 5 μg/kg s.c.
each over 1 mo) in patients with ACLF (57% had
+
alcoholic hepatitis) has shown mobilization of CD34
stem cells, with significantly improved survival, and

In vitro steroid sensitivity

A 48-h in vitro measure of steroid sensitivity, the
dexamethasone inhibition of lymphocyte proliferation
assay (DILPA), predicts 6-mo survival with 78%
[88]
sensitivity . The accuracy of the DILPA in predicting
6-mo survival, assessed by area under the receiveroperating characteristic (AUROC), was 0.86. Addition
of the anti-IL-2 receptor (anti-CD25) monoclonal
antibody, Basiliximab was shown to reverse the steroid
resistance in vitro with improvement in lymphocyte
proliferation count in 91% of the tested patients.
Suggesting that intrinsic lack of steroid sensitivity
may contribute to poor clinical response to steroids
in severe AH and IL-2 receptor blockade represents a
potential mechanism to overcome this. Basiliximab,
the CD25 (IL-2 receptor) inhibitor which is used as
single dose therapy to prevent transplant rejection,
could reverse glucocorticoid resistance in peripheral
blood mononuclear cells from patients with alcoholic
[88]
hepatitis .
As T cells play a role in the recruitment of neu
trophils and the perpetuation of inflammation in
AH, Basiliximab may prove to be a useful adjunct to
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decreased the risk of bacterial infection and kidney
[95]
failure in G-CSF group . In another recent study,
[96]
Singh et al
have used G-CSF (5 μg/kg every 12
h for 5 d) in patients with severe alcoholic hepatitis
and compared with Pentoxifylline (1200 mg/d) and
+
have shown mobilization of CD34 cells and as well
decreased infections, improved Maddrey’s discriminant
score and increased survival at 3 mo in patients
receiving G-CSF. Other than stem cell mobilization
and liver regeneration another potential mechanism
of action of G-CSF in alcoholic hepatitis patients is
postulated to be by stimulating the bactericidal activity
[97-99]
of neutrophils
thus overcoming the immune
paralysis.
It would be worthwhile to assess the role of G-CSF
therapy in comparison to corticosteroids as none of the
above studies have used steroids in their standard of
care. G-CSF might improve the ineffective regeneration
seen in those who fail to respond to the standard of
care (e.g., steroids) and may as well improve the
neutrophil functionality and prevent infections. There is
also need to study the role G-CSF in treating alcoholic
hepatitis patients who are steroid ineligible or steroid
unresponsive, in larger group of patients.

acute alcoholic hepatitis may not be as controversial to
the public as previously thought.
Emerging data has challenged the 6-mo abstinence
rule as beneficial effects of early liver transplantation
have been shown in select group of steroid unresponsive severe alcoholic hepatitis patients. In
[104]
an elegant study, by Mathurin et al
, twenty-six
patients (median Lille score, 0.88) were selected and
placed on liver transplantation list within a median
of 13 d after nonresponse to steroid therapy. The
cumulative 6-mo survival rate was higher among
patients who received early transplantation than
among those who did not (77% vs 23%, P < 0.001).
This benefit of early transplantation was maintained
through 2 years of follow-up (HR = 6.08; P = 0.004).
The authors concluded that there are no major ethical
barriers in transplanting patients affected by severe
SAH, not responding to medical therapy. Presence of
an Alcohol Addiction Unit (Alcohology unit) within a
liver transplant center may significantly reduce the
risk of alcohol relapse and the recurrence of disease
after LT, and may allow liver transplantations in some
selected patients, even in case of less than 6 mo of
[105]
[106]
abstention . Singal et al
have also shown a 5-year
outcome in alcoholic hepatitis patients (n = 11) at par
with alcoholic cirrhotic patients (n = 33) undergoing
liver transplant from the UNOS database.
There is published data of seven severe alcoholic
hepatitis patients with non-response to therapies,
and hepatorenal syndrome, who were submitted to
transjugular intrahepatic portosystemic stent shunt
[102,107]
(TIPS), and then underwent liver transplantation
.
Steroid therapy was contraindicated because of the
presence of renal failure. All patients were followed up
by the Alcohology Unit, and attended self-help groups.
None of them had recidivism over the next 5 years.
Despite the promising results from many studies
and over all public and professional concern and
intent towards a shorter mandatory abstinence period
prior to liver transplant after initial non-response to
medical management, too many uncertainties exist.
There is a need to define and form guidelines for
setting universally suitable and logically acceptable
norms to do liver transplant in this group of patients
which should also address delicate issues like pre
transplantation counseling, deceased vs living related
donor liver transplantation, setting up of Alcohology
units for post transplant support systems etc.

Early liver transplantation

The vast majority of transplant programs (85%)
[100]
require 6 mo of abstinence
prior to transplantation
commonly known as “6-mo rule”. But there is a lack of
evidence to support a 6-mo sobriety period. Patients
who do not respond to steroids have a 6-mo survival
of 25%-30%, and patients with hepatorenal syndrome
(HRS) have a 3-mo mortality rate above 90%,
[101]
unless treated with liver transplantation
. To date,
nobody has been able to establish a certain period of
abstinence, which ensures no future alcohol relapses;
apart from this fact, in case of SAH, the 3-mo mortality
[102]
rate is about 70% .
Currently there are very few options left in the
management of severe alcoholic hepatitis patients,
especially once they are unresponsive to steroids
with Lille score > 0.45. Despite controversies, liver
transplantation remains the sole major hope for
such patients. Liver transplantation is more ethical
in the case of living related donor transplantation as
no other patient is deprived of the limited cadaveric
resources and the emotionally attached relative wants
to donate part of his liver to save his relative who may
not survive to fulfill the current 6-mo abstinence rule.
[103]
In a recently conducted public survey
, majority
of the respondents were neutral towards donating
their organs for an early transplantation of a severe
alcoholic hepatitis patient and only minority (26.3%)
were hesitant to donate their organs to such patients.
The scenario in a severe alcoholic hepatitis with a
good family support and in the setting of living donor
liver transplantation should be even better. So, early
transplantation for carefully selected patients with
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Others

Extracorporeal liver support: Extracorporeal liver
support procedures, which have the ability to remove
some potential damaging circulating molecules may,
therefore, logically have a role in patients with severe
AH. Survival in severe alcoholic hepatitis patients with
non-response to medical care and renal impairment is
very poor even with best of the available management.
[108,109]
Despite great efforts
, no clear benefits have been
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Table 2 Ongoing registered studies on newer treatment for alcoholic hepatitis
Treatment

Type of molecule/intervention

Mechanism of action

Identifier

Extracorporeal, human cell-based
liver support system
Biliary acid
Protein supplement

Supplement hepatic function

NCT01829347, NCT00973817, NCT01471028

Affect bile acid abnormalities
Improving immunity

NCT02039219
NCT02473341

Improving immunity
improves liver regeneration and
immunity in steroid non-responders
Augments steroid function

NCT01968382
NCT02442180, NCT02451033, NCT01820208

Corticosteroids + N-acetyl
cysteine
Amoxicillin + corticosteroid
S-adenosyl-l-methionine
Rifaximin
Ciprofloxacin
Emricasan/IDN-6556
Lactobacillus Rhamnosus GG
MycophenolateMofetil and
Rilonacept
Metadoxine
Fecal microbiota
transplantation
Early liver transplantation

Hyperimmune bovine colostrum
Liver regeneration/
immunomodulation
Anti-oxidant
Antibiotic
Antioxidant
Luminal antibiotic
Antibiotic
Pan-caspase inhibitor
Probiotic
Immunosuppressant and immune
modulation
Anti-oxidant
Healthy microbiome replacement

Decreases infections
decreasing oxidative stress
Improves gut dysbiosis
Decreasing infections
Reduces apoptosis
Improving dysbiosis
Decreasing hepatic inflammation

NCT02281929
NCT02024295
NCT02116556, NCT02485106
NCT02326103
NCT01912404
NCT01922895
NCT01903798

Correction of dysbiosis

NCT02161653
NCT02458079

New liver

Anakinra

interleukin-1 receptor antagonist

Liver transplant in patients
unresponsive to medical treatment
Decreases hepatic inflammation

ELAD
Obeticholic acid
Corticosteroids + Bovine +
Colostrum
IMM 124-E
G-CSF

proved using these complicated liver dialysis devices,
which additionally are very expensive and have many
issues to be answered before the utilization in the
clinical setting. There are some motivating reports
[110]
concerning albumin dialysis
as a support treatment
in patients with severe AH which may potentially
bridge recovery or liver transplantation who otherwise
have no other options available especially those with
[111]
renal impairment .

NCT01756794
NCT01809132

management of alcoholic hepatitis but we need more
data to establish the definitive role of N-Acetyl Cysteine
or S-Adenosyl-L-Methionine in the management of
severe alcoholic hepatitis. There remains a large void
of treatment options for SAH. The ongoing clinical trials
in treating alcoholic hepatitis are mentioned in Table
2. A major improvement in our understanding and a
paradigm shift in the treatment approaches are required
to improve the outcome of these patients.

Granulocytapheresis: Granulocytapheresis, a tech
nique that removes up to 60% of activated granulocytes
and monocytes from circulating blood, is well tolerated
and many case series exist in literature on its usefulness
in severe alcoholic hepatitis patients. Some also
[112,113]
mention their benefit in steroid non-responders
.
Role of granulocytapheresis is still not proven in any
good quality studies till date and only case series are
available.

CONCLUSION
The burden of alcoholic hepatitis is on the rise and the
proportion of patients with alcoholic hepatitis is rapidly
increasing with better treatment options of viral liver
diseases. The morbidity, mortality and the treatment
options for the management of alcoholic hepatitis have
not significantly changed in the last many decades.
Currently steroids, pentoxifylline and nutrition remain
the only acceptable treatment options. A better and
newer treatment options for alcoholic hepatitis are the
need of the hour.Advances in the basic science, “Omics”
platform and translational medicine have given a better
insight into the pathogenesis and have opened up many
potential new therapeutic avenues in the management
of alcoholic hepatitis. Targeting gut microbes and
their products, targeting hepatic inflammation and
infections through immune modulation, improving liver
regeneration by G-CSF and early liver transplantation
for those not responding to the standard of care (Figure
4) are the most promising areas for research and future
clinical trials should focus on these areas in developing
new therapies in the management of alcoholic hepatitis.

Anti-oxidants: Although oxidative stress is implicated in
[114]
the pathogenesis of alcoholic hepatitis , several studies
have negated any additional benefit of N-Acetyl cysteine
in comparison to corticosteroids in the management of
[115-117]
alcoholic hepatitis
. Only few of the studies have
shown a short-term benefit of combination therapy
with corticosteroid plus N-acetylcysteine with increased
1-mo survival among patients with severe alcoholic
hepatitis, but without any improvement in 6 mo survival
[117]
was noted
. A Cochrane review earlier had shown
that use of S-Adenosyl-L-Methionine is not of any
[118]
help in managing alcoholic hepatitis
. Conceptually
anti-oxidants should potentially have a role in the
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Severe alcoholic hepatitis
(discriminant factor > 32)

Contraindication to steroids

e.g. , Acute kidney injury, active sepsis, UGI bleed

Yes

No

Contra-indication to liver transplantation
(Patient unfit/local law on abstinence)

Prednisolone 40 mg/d × 7 d

Responder to steroids
(lille score < 0.45)

Yes

No

Non-responder to steroids
(lille score > 0.45)

Early liver transplantation
Continue 40 mg prednisolone
for next 21 taper over next 14 d

Enroll into clinical trials
of newer therapies
e.g. , G-CSF, Liver dialysis/
plasmapheresis,
Fecal microbiome
transplantation etc.

Figure 4 Approach to management of alcoholic hepatitis. G-CSF: Granulocyte colony-stimulating factor.
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Abstract

INTRODUCTION

Aim of the present review is to summarize the current
knowledge about the potential relationship between
miRNAs and hepatitis b virus (HBV)-hepatitis C virus
(HCV) related liver diseases. A systematic computerbased search of published articles, according to the
Preferred Reporting Items for Systematic reviews and
Meta-Analysis Statement, was performed to identify
relevant studies on usefulness of serum/plasma/
urine miRNAs, as noninvasive biomarkers for early
detection of HBV and HCV-induced hepatocellular
carcinoma (HCC) development, as well as for its
prognostic evaluation. The used Medical Subject
Headings terms and keywords were: “HBV”, “HCV”,
“hepatocellular carcinoma”, “microRNAs”, “miRNAs”,
“diagnosis”, “prognosis”, “therapy”, “treatment”. Some
serum/plasma miRNAs, including miR-21, miR-122,
mi-125a/b, miR-199a/b, miR-221, miR-222, miR-223,
miR-224 might serve as biomarkers for early diagnosis/
prognosis of HCC, but, to date, not definitive results
or well-defined panels of miRNAs have been obtained.
More well-designed studies, focusing on populations
of different geographical areas and involving larger
series of patients, should be carried out to improve our
knowledge on the potential role of miRNAs for HCC
early detection and prognosis.

Hepatitis B (HBV) and Hepatitis C (HCV) viruses are
well-known etiological factors for liver damage. It has
been estimated that nearly 5% of world population
is chronically infected with HBV (approximately 350
[1]
million of people) . The global prevalence of HCV is
about 2%, with 180 million people who persistently
[2]
carrier this pathogen . However, wide variations
in HBV/HCV infection rates exist among different
[3]
countries . A significant percentage of chronic HBV
and HCV carriers develop a necroinflammatory liver
disease with different patterns of severity and course,
ranging from persistent injury to cirrhosis, hepatic
[4]
failure and hepatocellular carcinoma (HCC) . Liver
carcinogenesis is a multi-step process, which is
characterized by the perturbation of several key and
[5]
crucial cellular functions . Cell-cycle control, apoptosis,
senescence, growth, migration and energy production
are the most important deregulated activities
during cancer development both in liver and other
[6,7]
organs . HCC is the sixth most frequent malignancy
in the world, and, irrespective of the improvement
in diagnostic approaches and in treatment of this
neoplasm, it still represents the second cause of
[8-10]
cancer death, because of its poor outcome
. The
high morbidity and mortality rates of this type of
cancer require the adoption of more specific methods
and more effective strategies for HCC diagnosis and
treatment. To date, HCC detection is generally based
on imaging techniques, including ultrasonography,
Computed Tomography (CT) and Magnetic Resonance
(MRI) in association of laboratory tests (serum
α-feto protein) and/or histopathology (i.e., liver
[11]
biopsy) . All these diagnostic tools present potentially
limiting factors, including their costs, availability and
[12]
reproducibility . Therefore, in the last years, some
serum or tissue biomarkers have been developed to be
used in clinical practice, such as microRNAs (miRNAs).
These molecules are small (19-23 nucleotides)
single-stranded non-coding RNAs, able to silence
[13,14]
endogenous messenger RNA (mRNA) transcripts
.
MiRNAs modulate gene expression, by degrading
or inhibiting mRNAs, therefore they decrease or
suppress protein translations, at post-transcriptional
level. In the last years, an increasing number of
studies have investigated the role of miRNAs in the
regulation of different cellular processes, including
energy production, protein synthesis, proliferation,
[15]
differentiation and apoptosis . It is well-known
that each natural tissue harbours peculiar profiles
of miRNAs expression. In addition, characteristic
perturbed miRNA patterns have been described in

Key words: Hepatitis B virus; Hepatitis C virus;
hepatocellular carcinomas; liver diseases; microRNAs;
review
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different liver diseases, ranging from chronic hepatitis
[16-19]
to cirrhosis and HCC
. The identification of subjects
with HCC at early stages, before the development of
clinical signs and symptoms, represents a pressing
need to improve long-term prognosis of these in
[20]
dividuals .
The aim of the study is to review the available data
describing: (1) potential usefulness of serum/plasma/
urine miRNAs that may serve as novel non-invasive
biomarkers for early detection of HBV and HCVinduced HCC development, as well as for prognostic
assessment in these patients; and (2) perturbation of
miRNAs expression in liver tissue of HBV- and HCVrelated HCC.

conference abstracts, case reports, editorials, articles
not published as full reports; (2) duplicates; and (3)
studies performed in cell lines or in animal models.
The PubMed “related articles” features and
the reference lists of retrieved articles were also
searched to find additional pertinent studies. If a
study was considered potentially eligible by either
of the two reviewers, the full-text of this study
was further evaluated. Full-text assessment was
performed according to eligibility criteria developed
to systematically include studies into this review.
Therefore, we excluded all trials, reporting patients
with HBV or HCV and HIV co-infection.

STUDY SELECTION

SEARCH STRATEGY AND SELECTION OF
STUDIES

Two authors (M.M.. and R.L.), independently and in
a parallel manner, performed the literature search,
identified and screened relevant articles, based on
title or title and abstract. If a study was considered
potentially eligible by either of the 2 reviewers, the
full article of this research was collected for further
assessment. Other two authors (M.Z. and L.M.)
independently extracted and tabulated all relevant data
from included studies by means of a standardized flow
path, according to the Cochrane handbook section 7.3a
checklist of domains. The following information was
obtained from each study, by means of a predefined
data extraction form, including: first author’s name,
study design, inclusion and exclusion criteria, year
of publication, country of origin, ethnicity, matching
criteria, number of cases and controls, diagnostic
methods to detect each malignancy, HCV detection
assays. The accuracy of data collection was checked by
A.T. and A.D. and any disagreements concerning the
results were settled by consensus between all authors.
With the purpose to prevent multiple inclusions of
the same data, we searched the presence of possible
duplicates, examining the first author’s name as well
as the place and the period of subjects’ enrolment.
When different versions of the same study were
detected, only the most recent one was considered.
Bearing in mind the purpose of our review, the
characteristics and the wide heterogeneity of the
identified reports (such as the difference in study
designs as well as in end points and the limited
number of screened miRNAs, recognized as potentially
involved in HCC development) and the lack of a
definite and appropriate knowledge of miRNAs
profiles, associated with diagnosis and outcome of
this malignancy, sensitivity and subgroup analyses
of identified articles were considered inappropriate.
Therefore, no qualitative analysis and quantitative
assessment of these studies was performed and all
articles, meeting the predefined inclusion criteria,
were included in our review. We decided to search the
miRNAs, that were reported at least five or more times
in available studies.

A systematic computer-based search of published
articles, according to the Preferred Reporting Items
for Systematic reviews and Meta-Analysis (PRISMA)
[21]
Statement , issued in 2009, was conducted through
Ovid interface, in order to identify relevant studies on
the usefulness of serum/plasma/urine miRNAs that
may serve as novel noninvasive biomarkers for early
detection of HBV and HCV-induced HCC development,
as well as for prognostic assessment in these patients.
The literature review was performed in March
2015. The following electronic databases were used:
MEDLINE (January, 2000 to March, 2015) and the
Cochrane Library (until the first quarter of 2015)
for all relevant articles. The search strategy and
the search terms were developed with the support
of a professional research librarian. The search
text words were identified by means of controlled
vocabulary, such as the National Library of Medicine’
s MESH (Medical Subject Headings) and Keywords.
Our review assessed the perturbation of miRNAs
expression in HBV and HCV related liver diseases. The
used MESH terms and keywords were: “HBV”, “HCV”,
“hepatocellular carcinoma”, “microRNAs”, “miRNAs”,
“diagnosis”, “prognosis”, “therapy”, “treatment”.
The inclusion criteria for our analysis were:
(1) studies investigating liver-originated miRNAs
expression in patients with HCC and performed with
the aim to improve the diagnosis of this malignancy or
to evaluate their potential role as tools for assessing
prognosis and efficacy of treatment for patients,
suffering from this neoplasm; (2) study samples were
represented by serum/plasma, urine and hepatic
tissue specimens and obtained in these studies directly
from the investigated liver lesions or extracted from
extra-lesional material (e.g., plasma, sera); (3) each
of included studies contained at least 10 subjects for
group; and (4) articles which were reported in English,
as peer-reviewed, full-text publications.
On the other hand, exclusion criteria were: (1)
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results about the expression of these miRNAs, some
studies have reported a different regulation of some of
aforementioned miRNAs (miR-21, miR-222, miR-122a,
[22,28,61,93]
miR-101)
(Table 2).
In Table 4, we have reported miRNAs observed
deregulated in studies enrolling HCC patients with HBV
and HCV-related infection in at least three papers.
Two miRNAs (miR-21 and miR-224) were observed
consistently up-regulated and two miRNAs (miR-130a
and miR-195) as down-regulated (Table 4).

NUMBER OF STUDIES REPORTING
MIRNAS EXPRESSION IN HBV- AND
HCV-RELATED HCC
The search of Medline and Cochrane Library identified
a total of 2778 citations. Among these, 2579 were
excluded after a preliminary review of the titles and/or
abstracts. The full text of the remaining 199 articles
was considered for a more detailed assessment.
The full-text of these 199 articles was reviewed
to determine whether they met our inclusion and
exclusion criteria, 127 studies were excluded because
of they were reviews, duplicates or not relevant to the
miRNA expression in HCC. Finally, 72 reports were
included in this systematic review and subdivided into
three groups (Table 1, Table 2, Table 3, Table 4 and
Table 5 and Supplementary Tables 1-3): (1) studies
investigating miRNAs patterns in patients with only
[22-64]
HBV-related HCC
; (2) studies showing miRNAs
profiles in individuals with HBV and HCV-related
[65-85]
HCC
; and (3) studies reporting miRNAs patterns
[86-92]
in subjects with only HCV-related HCC
.
The first subgroup included 43 articles (1): 36
performed in China, 3 in South Korea, one in Taiwan,
one in India, one in Turkey and one in Italy; In the
second subgroup 21 articles were available (2): 6 were
carried out in Japan, 4 in China, 4 in Italy, 2 in United
States, 2 in Taiwan, one in South Korea, one in France
and one in Germany; and the subgroup consisted of
7 studies (3): 3 articles were performed in Egypt, 2 in
Germany, one in China and one in Turkey.
Some studies enrolled only HCC patients, without
comparison group, whereas most of them included
controls as healthy subjects, patients with viral-related
chronic hepatitis or cirrhosis, as well as hepatitis B
surface antigen (HBsAg) positive subjects (defined as
“asymptomatic carries” because of the evidence of liver
active disease). Most of HCC patients included in these
reports were male. In addition, a high heterogeneity
among the studies is evident as reported in Tables
1-5 (and in Supplementary Tables 1-3), mainly due
to differences in scope, end-points, reference control
group, starting material and molecular techniques. In
particular, some studies enrolled patients with HBVor HCV-related HCC and the results, concerning the
miRNA profiles, were not characterized on the basis of
the viral infection etiology.
In Tables 2 and 4 we have tried to hypothesize two
putative panels of deregulated miRNAs in HBV- and
HCV-related HCCs, considering only miRNAs observed
deregulated (with the same expression) in at least
three papers. As shown in Table 2, in HCC patients
with HBV-related infection, seven miRNAs (miR-221,
miR-21, miR-222, miR-122a, miR-224, miR-18a and
miR-223) have been observed as consistently upregulated and only one miRNA (miR-101) has been
described as down-regulated. Intriguingly, even if the
vast majority of papers have obtained concordant
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MIRNAS IN THE ASSESSMENT OF HCC
DIAGNOSIS AND PROGNOSIS
Only a small number of circulating miRNAs has
been assessed at least five or more times as
potential and useful biomarkers in HCC diagnosis
in the identified studies, because they have been
reported as deregulated in cirrhosis and during
development of hepatic malignancy. In particular,
among the tested miRNAs profiles, miR-21, both
[45,49,56,61,63,82]
in serum/plasma
and in liver cancerous
[24,29,72,77,83,87]
tissue
, miR-122 both in serum/
[43,49,50,55-57,71,88,93]
[46,67,69,80,83]
plasma
and tissue samples
,
[30,43,90]
miR-125a/b in serum/plasma sample
and in
[25,68,75,78,83,91]
tissue specimens
, miR-199a/b in serum/
[50,65,76]
[34,69,75,83,91]
plasma sample
and in tissue specimens
,
[49,52,88,94]
miR-221 both in serum plasma
and in hepatic
[29,63,68,69,83]
[49,52]
specimens
, miR-222 both in serum/plasma
[22,72,83]
and hepatic specimens
, miR-223 both in serum/
[30,32,43,49]
[69]
plasma
and in liver tissue , miR-224 both in
[45,57]
[29,40,68,72,75]
serum plasma
and tissue samples
have
been assessed more widely in comparison to other
miRNAs. According to the reported results, these
miRNAs represent the most important candidate
biomarkers in term of diagnostic efficiency among
the assessed ones, to compare circulating miRNA
expression between HCC patients and healthy people
as well as between subjects with liver malignancy
and individuals with hepatic injury, such as persistent
hepatitis or cirrhosis. Nevertheless, to date, no
definitive conclusions may be drawn.

miRNAs in non-viral associated
human hepatocarcinogenesis
Despite a wide series of efforts to investigate the roles
of miRNAs both in malignant and in non-malignant
liver diseases, little is known about the roles of miRNAs
in non-viral associated human hepatocarcinogenesis,
including non-alcoholic fatty liver disease (NAFLD) and/
or non-alcoholic steatohepatitis (NASH), alcohol-related
HCC, iron overload and primary biliary cirrhosis. Most
of available studies have been performed in animal
models, mimicking these pathological conditions.
To date, only a small number of reports have been
carried out to examine miRNA expression profiles
and their potential impact, during the development
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Table 1 miRNAs patterns in studies enrolling hepatocellular carcinoma patients with hepatitis B virus-related infection
References, period and state
Bandopadhyay M,
BMC Cancer, 2014
India
Period: NR

Cheong JY,
J Korean Med Sci, 2014
Korea
Period: NR

Characteristics of
the study

miRNAs Up-regulated

miRNAs Downregulated

Conclusions

Tissue samples
obtained from:
-16 healthy subjects
-16 patients with
advanced liver
diseases (HBV
positive cirrhosis
and HCC)
Serum samples from:
1439 individuals
with either past/
present evidence of
HBV infection:
-HCC: 417;
-LC: 305;
-CHB: 313;
-SR: 404.

ND

Decreased miR-21,
miR-222 and
miR-145 expression
in patients with
advanced liver
diseases and HCC
in comparison with
healthy individuals
Higher rate of HBV
persistence after
infection subjects
with miR-604
rs2368392 T allele
in comparison with
miR-604 rs2368392
C allele. Patients
with miR-604 T
allele may have a
higher risk for HBV
chronicity
Higher rate of the
miR-604 T allele in
the chronic carrier
without HCC
NR

Differential
modulation of
miRNAs expression by
HBx protein

NR

Connolly E,
The American Journal of Pathology, 2008
China
Period: NR

Human HCC
Up-regulation of
samples and
miR-17-92 (miR-17,
matched non-tumor
miR-19a, miR-20,
liver tissue (19 sets)
and miR-92) and
were obtained from
miR-21 occurs in
surgical resections of precancerous stages
anonymous donors of liver disease and in
HCC in comparison
with normal liver

Coppola N,
PLoS One, 2013
Italy
Period: April 2007 - March 2011

Tissue samples
Higher miR-125a-5p
obtained from:
liver concentrations
twenty-seven
observed in patients
consecutive HBsAg/
with HBV-DNA
anti-HBe/HBVplasma levels > 103
DNA-positive
IU/mL
Caucasian patients
who were naive
to nucleos(t)ide
analogues and
interferon therapy
89 pairs of HCC
NR
formalin-fixed
paraffin-embedded
and their adjacent
tissue
74/89 pairs were
obtained from
HBV-related HCC
samples

Dang YW,
Asian Pac J Cancer Prev, 2014
China
Period: March 2010 and December 2011
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NR

pre-miR-604 rs2368392
polymorphism
might confer genetic
susceptibility to the
occurrence of HCC in
HBV related chronic
liver disease, and HBV
persistence after HBV
infection

The combination of
assays presented in
the present study
supports a role
for the miR-17-92
polycistron (all six
members) or miR-21
in the maintenance
of the malignant
transformation of
hepatocytes
In HBsAg/anti-HBepositive patients,
the liver miR-125a5p level correlated
with liver and plasma
HBV-DNA values and
was associated to a
more severe disease
progression

Remarkably
miR-152
downregulation of
underexpression
miR-152 expression
is associated with
in HCC compared hepatocarcinogenesis,
to that in adjacent
acting as a tumor
hepatic tissues
suppressor miRNA,
Lower expression
its lack is related
was observed in
to the progression
HBV positive group
of HCC through
than in the negative deregulation of cell
one
proliferation, motility
and apoptosis
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Fan MQ,
Journal of Experimental and Clinical Cancer Research, 2013
China
Period: 2002 -2007, patients were followed until December
2010

Fu Y,
Oncol Letters, 2013
China
Period: NR

Gao P,
Hepatology, 2011
Hong Kong
Period: NR

Giray BG,
Mol Biol Rep, 2014
Turkey
Period: NR

Gu H,
Mol Cell Biochem, 2013
China
Period: April 2001 - March 2009
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100 patients with
HCC, undergoing
LT
95/100 patients
with HBV related
cirrhosis Specimens
obtained from
formalin-fixed
paraffin-embedded
tissue

Down-regulation of miR-20a is decreased
miRNA 20a
in HCCs and correlates
with HCC recurrence
and prognosis. Its
down-regulation
increases the
proliferation abilities
of HCC cells. miR-20a
may represent a novel
Potential therapeutic
target and biomarker
for survival of HCC
patients
miR‑101 is
Serum miR‑101
miR‑101 is
Serum and tissues
(paired tissue
upregulated in human downregulated in expression was closely
specimens from
associated with
HBV‑related HCC
human HBV‑related
25 HCC tissues
serum
HCC tissues
tumoral size of HCCand adjacent
patients and provides a
noncancerous
promising biochemical
hepatic tissues (20
marker of HBV‑related
HCC
HBV‑related HCC)
were obtained from
patients undergoing
surgical resection
and compared with
20 healthy subjects
Formalin fixed,
Up-regulation of
Down-regulation
miRNA deregulation
paraffin embedded
miR-224
of miR-145 and
is an early event
materials obtained in pre-malignant DNs miR-199b in preand accumulated
from:
Up-regulation of miRmalignant DNs
throughout the
-16 patients with
10b, miR-21, miR-221, Down-regulation of various steps of HBVdysplastic nodules
and miR-224 in the
miR-145 and miR- associated hepatocar
-29 HCC nodules
small HCCs
199b in the small
cinogenesis. Downfrom 24 patients
HCCs
regulation of miR-145
and miR199b and up-regulation
of miR-224 were
frequently observed
in pre-malignant DNs
and these changes
persisted throughout
HCC development
miR-145 is a candidate
tumor suppressive
miRNA and may play
an important role in
HCC development
Plasma samples
mi125b-5p upmiR-223-3p down
miR-125-5 p and
from:
regulation in CHB,
regulation in CHB, miR-223 -3p could be
-66 HBV-positive
cirrhosis and HCC in cirrhosis and HCC
used as novel nonpatients (CHB: 24, comparison to healthy in comparison to
invasive biomarkers
cirrhosis: 22, HCC:
controls
healthy controls
of HBV-positive HCC
20)
in very early, even
-28 healthy controls
at CHB stage of liver
disease
Tissue samples
Up-regulation of
NR
miR-372 may
obtained from 108
miR-372 associated
serve as a potent
patients with HCC,
with significant
prognostic marker
undergoing surgical poorer recurrence-free
for tumor recurrence
resection.
survival and overall
and survival of
HBsAg +: 92;
survival
HCC patients as
HBsAg -: 16
well as a promoter
of tumorigenicity
of HCC and may
be a prospective
therapeutic target for
this malignancy
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Gui J,
Clinical Science, 2011
China
Period: November 2008 - January 2010

Serum samples
from:
25 HBV-positive
patients (LC: 10,
HCC: 15)
-10 age-matched
healthy controls

Up-regulation of miR885-5p, miR-574-3p,
miR-224, miR-215 and
miR-146a in the HCC
and LC patients

Han Y,
PLoS One, 2013
China
Period:
-September 2009 - June 2010
-October 2009 to September 2011

Serum samples
from:
1,012 healthy
controls, 302 HBV
natural clearance
subjects, 316 ASCs,
316 patients with
CHB, 358 HBVinfected patients
with LC, and 1,021
HBV-infected
patients with HCC
Pri-miR-34b/c
rs4938723
HBV-HCC patients:
311 HBV-infected
subjects without
HCC: 210
Pre-miR-196a2
rs11614913
HBV-HCC patients:
255
HBV-infected
subjects without
HCC: 170

NR

Hou J,
Cancer Cell, 2011
China
Period: NR

Tissue samples
obtained from 40
HCC patients with
CHB

NR

Huang J,
Hepatology, 2010
China
Period: NR

20 HBV-related
HCC tissues and
the corresponding
nearby
noncancerous livers

NR
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NR

miR-885-5p is
significantly elevated
in the sera of
patients with liver
pathologies miRNAs
could serve as novel
complementary
biomarkers for
the detection and
assessment of liver
pathologies
NR
Association of primiR-34b/c rs4938723
with a significant
increased risk of HCC,
mainly in women
No statistically
significant association
of pre-miR-196a2
rs11614913 with
HCC risk. pre-miR196a2 rs11614913 may
enhance the effect
of primiR-34b/c
rs4938723 in women
rs4938723 CC
genotype and
rs11614913 TC
genotype might
predispose the host to
immune
selection of T1674C/
G, and G1896A,
respectively
The rs4938723 effect
on HCC risk can be
seriously affected by
the HBV mutations
Consistent miRmiRNomes of human
199a/b-3p
liver and HCC and
decrease in HCC,
contributes to better
and its reduction
understanding
significantly
of the important
correlates with poor deregulated miRNAs
survival of HCC
in HCC and liver
patients
diseases
Down-regulation of Tumor suppressive
miR-152 in human
role of miR-152
HBV-related HCC
in the epigenetic
Tissues
aberration of HBVrelated HCC and the
potential development
of miRNA-based
targeted approaches
for the treatment of
HBV-related HCC
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Huang YH,
PLoS One, 2012
China
Period: July 1998 - Aug 2004

Jiang R,
Clin Cancer Res, 2011
China
Period: January 2001 - August 2009

Kim HY,
J Med Virol, 2014
South Korea
Period: NR

Kwak MS,
PLoS One, 2012
South Korea
Period: January 2001 - August 2003

Lan SH,
Hepatology, 2014
Taiwan
Period: NR
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Tissue samples
obtained from: 228
patients with HCC,
12 with known
better and poorer
prognosis subjected
for the first-step
(pilot) study; 6
patients had a RFS
time for more than 5
yr (better prognosis)
and 6 had rapid
relapse within
six-month after
operation (poorer
prognosis)
Liver tissue obtained
from: 116 HBVrelated HCC patients
48 subjects with
benign conditions

High expression levels
of miR-30c, miR-155,
miR-432, miR-15b, and
miR-30b associated
with shorter RFS
High miR-15a,
miR-486-3p, and
miR-381 expression
significantly predicted
a longer RFS
High expression level
of miR-29a, miR-4863p, and miR-876-5p
significantly predicted
a longer OS

NR

Significant prognostic
miRNA predictors
identified through
examination of miRNA
expression levels in
paraneoplastic liver
tissues. Functional
analysis of miR-155,
suggested that the
prognostic miRNA
predictors identified
under this strategy
could serve as potential
molecular targets for
anticancer therapy

up-regulation of
miR-22 in male tumor
adjacent tissue

NR

Overexpression
of miR-22 in male
tumor adjacent tissue
associated with
down-regulated ERa
expression, potentially
causing the attenuation
of the protective
effect of estrogen and
inducing increased IL1a expression. These
results may explain the
high incidence of HBVassociated HCC in the
male population
Protective effect of
miR-196a-2
rs12304647 CC
genotype
against development
of HCC in comparison
to the AA or AC
genotypes in patients
with
chronic hepatitis and
cirrhosis

Serum samples
NR
obtained from:
1439 Korean patients
with either past
or present HBV
infection,
-404 control subjects
with spontaneous
Recovery;
-1035 subjects
with chronic HBV
(313 with chronic
hepatitis B, 305 with
liver cirrhosis, 417
with HCC)
1439 Korean
Micro
subjects with past
RNAs-371-372-373
or persistent HBV
(miRNAs-371-373),
infection:
originating from the
SR: 404
same pri-miRNA
CHB: 313 chronic
transcript, are
LC: 305
upregulated in HCC
HCC : 417

NR

Tissue and
The level of autophagy
specimens, obtained was low and inversely
from patients from
Correlated with
Taiwan patients
miR-224 expression
with HCC
only in HBV
associated
HCC

NR

3914

NR

Among chronic
carriers and liver
cirrhosis patients, the
A allele of rs3859501
and the haplotype
pri-miRNAs-371373_ht2 were more
protective to HCC than
other genotypes and
haplotypes
A noncanonical
pathway links
autophagy, miR-224,
Smad4, and HBVassociated HCC
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Li J,
Biochemical and Biophysical Research Communications, 2011
China
Period: NR

Li L,
Digestive Diseases and Sciences, 2012
China
Period: NR

Serum samples of
HCC were obtained
from 46 patient (30
HBsAg positive)
The healthy sera
were collected from
50 age-matched
healthy individuals
who
serves as normal
controls
Serum samples
obtained from:
HCC: 101 (HBsAg +)
CLD and cirrhosis:
30
Healthy controls: 60

Serum miR-221, upregulation in HCC,
correlates with tumor
size, cirrhosis and
tumor stage

NR

miR-18a significantly
up-regulated in HBVrelated HCC, chronic
hepatitis or cirrhosis
than those in healthy
Controls

NR

Li LM,
Cancer Research, 2010
China
Period: September 2007 - July 2008

Serum samples
from:
-120 HCC-affected
individuals;
-135 HBV carriers;
-48 HCV carriers;
-210 controls

Li T,
Oncology Reports, 2014
China
Period: NR

Tissue and plasma
Tissue miRNA-21,
obtained from:
miRNA-221, miRNA31 patients with
148b and miRNA-186
HBV-related HCC
over-expression
31 age- and gendermatched CHB
patients
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Serum up-regulation
of miR-375, miR-92a,
miR-10a, miR-223,
miR-423, miR-23b/a,
miR-342-3p, miR99a, miR-122a, miR125b, miR-150, and
let-7c. in HBV positive
patients with HCC
in comparison with
healthy controls

Serum miR-221,
upregulated in HCC,
can provide predictive
significance for
prognosis of HCC
patients

Significant increase of
elevated serum miR18a in the patients of
HBV-related HCC.
It might serve as a
novel noninvasive
biomarker to
distinguish patients
with HBV-related
HCC from healthy
subjects, and further
from those with
HBV-related chronic
hepatitis or cirrhosis
NR
The expression
profile of serum
miRNAs can serve as
novel non-invasive
biomarkers for the
diagnosis of HBV
infection and HBV
positive HCC. The
use of 3 miRNAs:
miR-25, miR-375,
and let-7f could be
used to separate HCC
cases from controls,
miR-375 alone had
high specificity and
sensitivity in HCC
prediction
Tissue miRNAmiRNA-139 is
downregulated
99a, miRNA‑27b,
in both cancerous
miRNA‑378a,
miRNA-378e and
tissue and plasma
miRNA-30 downof HCC. The plasma
regulation
miRNA‑139 is a
Tissue and plasma
possible diagnostic
miRNA-139 downbiomarker for
regulation in HCC vs
identifying HCC
non-HCC patients
patients while
combined with other
biomarkers, it is also
a prognostic factor
for indicating patient
survival
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Li W,
Int J Cancer, 2008
China
Period: NR

Liu AM,
BMJ Open, 2012
China
Period: 1990-2007

Liu Y,
PLoS One, 2012
China
Period: January 2006December-10
Controls screened for the HBV/HCV markers in 2004 and
2009

WJG|www.wjgnet.com

Specimens obtained 84 miRNAs identified
84 miRNAs
obtained from:
with deregulated
identified with
78 human primary expression in tissues
deregulated
hepatocellular
from HCC patients.
expression in
carcinoma
69/84 miRNAs
tissues from HCC
(68 HBsAg +)
resulted differentially
patients. 69/84
and matched
expressed in normal
miRNAs resulted
noncancerous liver or non-tumour liver
differentially
tissues
tissue vs cancerous expressed in normal
hepatic tissue with 29 or non-tumour liver
miRNAs up-regulated tissue vs cancerous
-Noncancerous vs
hepatic tissue with
normal liver tissue: 27 40 miRNAs downmiRNAs differentially
regulated
expressed, with
Noncancerous
14 up-regulated in
vs normal liver
noncancerous liver
tissue: 27 miRNAs
specimens
differentially
-HCC vs normal
expressed, with 13
tissue: 55 differentially down-regulated in
expressed miRNAs, noncancerous liver
with 29 up-regulated
specimens
in HCC tissues
-HCC vs normal
tissue: 55
differentially
expressed miRNAs,
with 26 downregulated in HCC
tissue
Serum and
Exploration phase
Decreased serum
Cancerous/non
in resected tumour/
miR-224 and
tumors tissue
adjacent non-tumour
miR-301 levels
samples collected
tissues:
in HCC patients
from:
Upregulated miR
post-surgery in
- 96 cirrhotic
in the AFP-low (<
comparison with
patients with
400 ng/mL) HCC
pre- surgery.
HCC (84 HBsAg
subgroup:
Slight reduction of
positive) undergoing miR-9, -9*, -15b, -21, serum miR-15b and
hepatectomy
-34c, -96, -130b, -183,
miR-130b levels
(exploration phase)
-188, -196b,
in HCC patients
-29 hepatitis B
-216, -224, -301 and
post-surgery in
carriers, 57 patients
-324-5p
comparison with
with HCC and 30
Upregulated miR in
pre- surgery
healthy controls
all HCC samples of
(validation phase)
varying serum AFP
levels: miR-15b, -21,
-130b, -183, -224 and
-301
Serum samples
NR
NR
collected from:
- 1300 HBV positive
HCC cases,
-1344 HBV persistent
carriers;
- 1344 subjects
with HBV natural
clearance people
These patients were
matched to the HCC
cases on age and
gender

3916

miRNA signature
identified as a
HCC diagnostic
discriminator from
both noncancerous and
normal liver tissues.
This is the first report
to identify single
miRNA correlated to
the HCC prognosis, i.e.,
miR-125b as a HCC
survival predictor

The combined miR15b and miR-130b
classifier is a serum
biomarker with clinical
value (high sensitivity
and accuracy) for HCC
screening.
This classifier also
identified early-stage
HCC cases that could
not be detected by AFP

A genetic variant in
the promoter region
of miR-106b-25
cluster might provide
a protective effect
against chronic HBV
infection but an
increased risk for HCC
in HBV persistent
carriers by affecting
the expression of miR106b-25 cluster
A to G base change of
rs999885 may have a
protective effect on the
probability to develop
chronic HBV infection,
but increased the
risk of HCC in HBV
persistent carriers
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Liu Y,
J Med Virol, 2014
China
Period: April 2008 - November 2011
Newly diagnosed HCC patients included from January 2006
- December 2010
HBV carriers and patients with signs oif past HBv infection,
screened from 2004 to 2009

Samples obtained
from: 29 pairs of
HCC and adjacent
noncancerous liver
tissues

Meng FL,
Med Oncol, 2014
China
Period: January 2009 - December 2011

Tissue obtained
from:
84 patients with
HBV-related HCC
31 with CLDs
46 with healthy
controls

Qi, F,
PLoS One, 2014
China
Period: NR

Serum samples
obtained from 331
patients with HBVrelated HCC in
either intermediate
or advanced stage
of disease without
surgery
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3917

NR

In noncancerous The C to A base change
liver tissues,
of rs4309483 may
subjects with a CA
alter the expression
genotype exhibited
of miR-122, thus
significantly lower
providing protective
expression level of
effect from chronic
pri-miR-122 than
HBV infection but an
those carrying
increased risk for HCC
the CC genotype.
in HBV carriers
Positive or inverse
correlation between
the expression levels
of pri-miR-122 and
mature miR-122
were observed in
HCC tissues or
oncancerous tissues,
respectively
Tissue miR-24-3p
NR
The combination of
over-expression in
serum miR-24-3p and
HCC in comparison
AFP improves the
with healthy controls
diagnostic accuracy
and CLD
for HCC prediction
compared to each
biomarker alone. High
serum miR-24-3p level
is an independent
predictor of overall
survival and disease
free-survival. In
patients with HBVrelated HCC
NR
NR
miR-106b-25 cluster
plays oncogenic roles
in cancers through
influencing tumor
growth, cell survival,
and angiogenesis.
rs999885 is associated
with prognosis of
intermediate or
advanced HBVrelated hepatocellular
carcinoma (HCC) .
rs999885 variant could
influence miR-106b-25
expression and the
expression levels of
miR-106b-25 were
significantly higher in
AG/GG carriers than
that in AA carriers G
allele of rs999885 may
provide a protective
effect on the prognosis
of intermediate or
advanced HCC in
Chinese
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Qi P,
PLoS One, 2011
China
Period: NR

Tan Y,
PLoS One, 2014
China
Period: August 2010 - June 2013

Wei X,
Cellular Signalling, 2013
China
Period: NR

WJG|www.wjgnet.com

Study divided into
four phases. Serum
samples obtained
from: (Ⅰ phase)
-10 HBV-positive
HCC patients and
-10 age- and sexmatched healthy
subjects; (Ⅱ phase)
before surgery,
sera from another
48 HBV-positive
HCC patients, from
48 chronic HBV
infection patients
without HCC and
24 age- and sexmatched healthy
subjects; (Ⅲ phase)
14 HCC patients
before and after
surgery, (Ⅳ phase)
correlation between
the expressions of
candidate serum
miRNAs with
clinical parameters
of HCC patients
Serum samples
obtained from:
HCC: 261,
LC: 133;
Healthy controls:173

Serum and tissues
(paired tissue
specimens from
HBV-related HCC
tissues and adjacent
noncancerous
hepatic tissues)

3918

Up-regulation of
serum miR-122,
miR-222 and miR-223
in HCC patients in
comparison with
healthy controls

Down-regulation
of serum miR-21
in HCC patients in
comparison with
healthy controls

Serum miR-122 might
serve as a novel and
potential biomarker
for detection of HCC
in healthy subjects
and it might serve as
a novel biomarker
for liver injury but
not specifically for
detection of HCC in
chronic HBV infection
patients

up-regulation: miR190b;
miR-141-3p; miR-4532;
mir-6127; miR-99b-3p;
miR-1228-5p between
HCC and healthy
controls
up-regulation:
miR-206, mir-12851-p5, miR-10a-5p
,miR-511-5p, miR-4333p between HCC and
cirrhosis groups

Down-regulation:
miR-30a-3p; miR199a-5p ; let-7f-5p ;
miR-122-5p ; miR192-5p; miR-98-5p;
miR-574-3p; miR30e-3p; miR-68525p
between HCC and
healthy controls
Down-regulation:
miR-100-5p; miR483-5p, miR-584-5p;
miR-28-5p
miR-30b-5p; miR30c-5p ; miR-26a5p; miR-4454; let7e-5p; let-7c-5p;
miR-4433b-5p
between HCC and
cirrhosis groups
miR-132 is
more frequently
downregulated
in HBV-positive
HCCs tumor tissues
than in adjacent
noncancerous tissues
and has a significant
inverse correlation
with HBx expression
in HBV-related
HCCs

A serum panel
of miRNA with
considerable
clinical value in
HCC diagnosis was
identified. miR-206,
miR-141-3p, miR-4333p, miR-1228-5p, miR199a-5p, miR-1225p, miR-192-5p, and
hsa-miR-26a-5p as
potential circulating
markers for HCC
diagnosis

NR

miR-132 may play a
tumor-suppressive
role in HBV-related
HCC development.
Serum miR-132 levels
are closely correlated
with miR-132
expression levels
in tumor tissues.
miR-132 may be a
promising biochemical
marker and may
have therapeutic
applications in HBVrelated HCC
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Wen Y,
Int J Cancer, 2015
China
Period (3 phases):
December 2010- December 2011
January 2010- December 2012
2004-2005

Xiang Y,
Mol Biol Rep, 2012
China
Period: December 2009 - February 2011

Xie Y,
Cancer Biology and Therapy
China
Period: NR

Xing TJ,
Genetics and Molecular Research, 2014
China
Period: NR

Xu J,
Molecular Carcinogenesis, 2011
China
Period: NR

WJG|www.wjgnet.com

Multicenter, threephase study to
screen liveroriginated HCCassociated plasma
miRNAs in both
plasma and tissue
samples
The training set
consisted
of 35 HCC cases
and 50 cancer-free
HBV carriers who
were frequency
matched for age and
sex, whereas the
validation
set consisted of 32
HCC cases and 32
matched cancer-free
HBV carriers
Specimens obtained
from:
-100 patients with
HCC (73 HBV
positive);
-100 patients with
CHB;
-100 healthy subjects

Up-regulation of
miR-221, miR-222,
miR-31

Down-regulation of miR-223 may represent
miR-126, and miRa potential target in
122a miR-223
cancer therapy because
it regulates Stathmin 1

NR

NR

Specimens and
tissue samples
obtained from:
-67 HBV-HCC
patients,
-61 HBV-LC
patients,
-79 CHB patients,
-30 Healthy subjects
Serum samples
obtained from:
HCC: 20 patients;
LC: 20 patients;
CHB: 29 patients;
ASC: 20 patients;
Healthy controls: 20

Elevated miR-101
levels in the sera and
liver tissues of HBVLC patients and
decreased in HBVHCC patients

NR

miRNA 499
polymorphisms
is associated with
susceptibility in
HBV-related HCC in
Chinese population.
The risk of HCC
development is
increased in patients
with miR-399 C/C was
higher in comparison
with subjects with miR
499 T/T
Serum miR-101 as a
potential biomarker
for monitoring the
development of HBVHCC from HBV-LC
and the development
of HBV-LC from CHB

Increased miRNA-122 lower miRNA-29
The elevation in
levels in patients with
serum levels in
miR-122 was correlated
HCC and CHB vs
LC patients than
with liver damage in
patients with HC, LC, those in the healthy CHB patients and with
and ASC
controls
the pathogenesis of
liver cancer in HCC
patients. The decrease
in miR-29 expression
was related to the
incidence of liver
fibrosis
Serum samples
Higher serum miR-21,
NR
Serum miR-21,
obtained from:
miR-122, and miR-223
miR-122 and miR-223
-101 patients with
levels in patients
are elevated in patients
advanced primary
with HCC or CHB,
with HCC or chronic
HCC (78 HBsAg +),
compared with
hepatitis and these
-48 patients with
healthy controls
miRNAs have strong
CHB,
potential to serve as
-89 healthy controls
novel biomarkers for
liver injury but not
specifically for HCC
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Zhang H,
WJG, 2012
China
Period: NR

Zhang T,
Neoplasia, 2013
China
Period: NR

Zhang ZZ,
WJG, 2011
China
Period: NR

Zhao Q,
PLoS One, 2014
China
Period: February 2012 - January 2013

Zhou J,
J Clin Oncol, 2011
China
Period: August 2008 - June 2010

Zhu HT,
PLoS One, 2012
China
Period: January 2004 - December 2008

WJG|www.wjgnet.com

Serum samples
Up-regulation of
obtained from
miR-122, miR-138,
patients with:
miR-638, hsv1-34 CHB,
miR-H1, miR-575,
-20 NASH
miR-572, kshv-34 healthy donors miR-K12-3, miR-1915,
Serum samples from miR-623, miR-1268,
10 CHB patients and
miR-939, miR-498
10 controls were
subjected to miRNA
microarray analysis
to obtain serum
miRNA profiles
Samples obtained
NR
from cancerous
tissues of thirtythree patients
with HBV-related
HCC and their
corresponding
nearby
nontumorous
liver tissues
miRNA expression
8/ 10 differentially
profiles obtained
expressed miRNAs
from 78 HCC
common to the
patients from Gene
AHB infection and
Expression Omnibus HCC datasets were
study
inversely changed,
only 3/8 differentially
expressed miRNAs
common to the
chronic HBV infection
and HCC datasets
exhibited opposite
alterations

Down-regulation of:
Serum levels of
miR-421, miR-598,
miR-122, -572, -575,
miR-155, miR-424,
-638 and -744 are
miR-23b, miR-195, deregulated in patients
miR-487b, miR-224, with CHB or NASH.
miR-495, miR-181c,
The levels of these
miR-654-3p, let-7e, miRNAs may serve as
miR-382, miR-171,
potential biomarkers
miR-128, miR-625, for liver injury caused
miR-30e1, miRby CHB and NASH
139-5p, miR-30c,
miR-744, miR-374b,
miR-376c
HBx-mediated
HBx is able to inhibit
downregulation of
tumor suppressor
miR-205 through
miR-205. miR-205
the induction of
may be useful in the
miR-205 promoter
treatment of HCC
hypermethylation

8/ 10 differentially
miRNA level is
expressed miRNAs
correlated in HBV
common to the
infection and HCC
AHB infection
and HCC datasets
were inversely
changed, only
3/8 differentially
expressed miRNAs
common to the
chronic HBV
infection and HCC
datasets exhibited
opposite alterations
Up-regulation of miRNR
The overexpression of
545/374a cluster in
miR-545/374a cluster
HBV-HCC tissue
is partially responsible
for a poor prognosis,
and monitoring sera
levels of miR-545/374a
may be a useful
diagnostic marker for
HCC

Serum and
cancerous and
non-tumors tissue
samples obtained
from:
-66 patients with
HBV-related HCC
patients
-11 hepatic
hemangioma
Patients
934 blood samples,
High expression
Low expression
miR panel with
from healthy
levels of miR-192,
levels of miR-122,
considerable clinical
subjects patients
miR-21, and miR-801
miR-223, miRvalue in diagnosing
with CHB, cirrhosis in patients with HCC
26a, and miR-27a
early-stage of HBVor HCC
compared with those observed in patients
related HCC
in the control group with HCC compared
with those in the
control group
Tissue obtained
Up-regulation in
Down-regulation in
In the multivariate
from:
microdissected HCC microdissected HCC
analyses, miR-29atissue with early
tissue with early
5p was identified as
recurrence: miRrecurrence:
an independent factor
29a-5p, miR-27b*,
for tumor recurrence.
miR-204, miR-29c,
miR-29a-5p might be
miR-10b, miRa useful marker for
the prediction of early
tumor recurrence
after HCC resection,
especially in BCLC
0/A stage HCCs
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266 patients,
undergoing curative
liver resection for
HCC
48 patients
subdivided into:
-group with early
recurrence (24)
-group without early
recurrence (24)
218 patients enrolled
into: training (106)
and validation (112)
cohort

196b, miR-216a,
miR-217, miR-517a,
miR-518e, miR-518f,
miR-518b, miR-519a,
miR-519d, miR-522,
miR-486-5p, miR-181c,
miR-210, miR-215
Up-regulation in
microdissected nontumorous liver tissue
with early recurrence:
miR-486-5p, miR-181c,
miR-193b*, miR-643,
miR-409-3p, miR-424*,
miR-139-3p, miR-766

miR-193b*, miR-643,
miR-22, miR-15b,
miR-505, miR-107,
miR-142-5p, miR135a, miR-34c-5p,
miR-98, miR-483-5p
Down-regulation
in microdissected
non-tumorous liver
tissue with early
recurrence: miR-210,
miR-215, miR-22,
miR-409-5p, miR200a*, miR-10b*

ABH: acute B hepatitis; ASCs: Asymptomatic HBsAg carriers; BCLC: Barcelona clinic liver cancer staging system; CHB: Chronic hepatitis B; CLD: Chronic
liver disease; ER-α: Estrogen receptor-α; FNH: Focal nodular hyperplasia; HCC: Hepatocellular carcinoma; HC: Healthy controls; HCA: Hepatocellular
adenoma; LC: Liver cirrhosis; LT: Liver transplantation; NR: Not reported; OS: Overall survival; RFS: Recurrence-free survival; SR: Spontaneously
recovered.

Table 2 miRNA observed deregulated in studies enrolling hepatocellular carcinoma patients with hepatitis B virus-related infection
in at least three papers
miRNA

Type of deregulation
(number of papers)

Type of Sample
(number of papers)

Ref.

miR-221

Upregulated (6)

Tissue (5), serum (1)

1

Upregulated (5)

Tissue (4), serum (1)

2

Upregulated (4)

Tissue (3), serum (1)

3

miR-122a

Upregulated (4)

Serum (4)

miR-224

Upregulated (4)

Tissue (3), serum (1)

miR-101

Downregulated (4)

Tissue (4)

miR-18a

Upregulated (3)

Tissue (2), serum (1)

miR-223

Upregulated (3)

Serum (3)

Gao P, Hepatology, 2011
Li J, Biochemical and Biophysical Research Communications, 2011
Li T, Oncology Reports, 2014
Li W, Int J Cancer, 2008
Wen Y, Int J Cancer, 2015
Zhang ZZ, WJG, 2011
Bandopadhyay M, BMC Cancer, 2014
Connolly E, The American Journal of Pathology, 2008
Gao P, Hepatology, 2011
Li T, Oncology Reports, 2014
Xu J, Molecular Carcinogenesis, 2011
Li W, Int J Cancer, 2008
Qi P, PLoS One, 2011
Zhang ZZ, WJG, 2011
Wen Y, Int J Cancer, 2015
Li LM, Cancer Research, 2010
Qi P, PLoS One, 2011
Xing TJ, Genetics and Molecular Research, 2014
Xu J, Molecular Carcinogenesis, 2011
Gao P, Hepatology, 2011
Gui J, Clinical Science, 2011
Li W, Int J Cancer, 2008
Zhang ZZ, WJG, 2011
Fu Y, Oncol Letters, 2013
Li W, Int J Cancer, 2008
Xie Y, Cancer Biology and Therapy, 2014
Zhang ZZ, WJG, 2011
Li L, Digestive Diseases and Sciences, 2012
Li W, Int J Cancer, 2008
Zhang ZZ, WJG, 2011
Li LM, Cancer Research, 2010
Qi P, PLoS One, 2011
Xu J, Molecular Carcinogenesis, 2011

miR-21

miR-222

4

1

miR-21: in one paper by Zhou [Zhou J, J Clin Oncol 2011] starting from serum samples, miR-21 was observed as down-regulated; 2miR-222: in one paper
by Bandopadhyay [Bandopadhyay M, BMC Cancer 2014] starting from tissue samples, miR-222 was observed as down-regulated; 3miR-122a: in two papers
by Tan et al and Zhou et al [Tan Y, PLoS One 2014; Zhou J, J Clin Oncol 2011] both starting from serum samples, miR-122 was observed as down-regulated;
4
miR-101: in paper by Fu et al, miR-101 was observed as down-regulated in tissue but up-regulated in serum [Fu Y, Oncol Letters 2013].
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Table 3 miRNAs patterns in studies enrolling hepatocellular carcinoma patients with hepatitis B virus and hepatitis C virus-related
infection
Ref.

Characteristics of the
study

Chung GE,
Oncol Rep, 2010
Korea
Period: 2001-2004

Cong N,
Tumor Biol, 2014
China
Period: January 2007 - February 2012

Coulouarn C,
Oncogene, 2009
USA
Period: NR

Diaz G,
Int J Cancer, 2013
Italy
Period: NR

WJG|www.wjgnet.com

miRNAs Up-regulated

miRNAs Downregulated

Tissue samples
Up-regulation of
miR-422b, miR-22,
obtained from twentymiR-15b, miR-105
miR-497, miR-195, miRfive pairs of primary
and miR-339, let-7d,
199a*, miR-199ª, miRHCC (18 HBV positive
miR-107, miR-103,
130a
patients, 2 HCV
miR-210, miR-25, letpositive subjects, 5
7a, miR-93, miR-345,
HBV/HCV negative)
miR-30d, miR-423,
and adjacent nonmiR-320
tumor liver tissues
were evaluated in this
study
Serum samples
obtained from:
-206 patients with
HCC
-217 controls

NR

NR

Specimens obtained
NR
Down-regulation of
from 64 HCC tissues
miRNA-122 in HCC
(18 pts HBsAg +, 13
HCV +, 3 with HBV
and HCV coinfection,
30 with different
etiologies) and 28
matched non-tumor
surrounding liver
tissues from patients
undergoing partial
hepatectomy as
treatment for HCC
Tissue samples
Up-regulation of:
Down-regulation of:
obtained from:
miR 221, miR-224 and
miR-125a-5p , miR-HCV-associated HCC miR-224-3p, miR-452, 130a, miR-139-5p, miR(HCC),
miR-1269
139-3p, miR-195, miR-HCC-associated
199a-5 and miR-199anon-tumours cirrhosis
3p, miR-214, miR-424(HCC-CIR),
3p, miR-497
-HCV- associated
cirrhosis without HCC
(CIR),
-HBV-associated acute
liver failure (ALF),
-normal liver tissue
surrounding angioma
(NL),
-normal liver from
liver donors (LD)
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Conclusions
miR-15b expression
in HCC tissues may
predict a low risk
of HCC recurrence.
In addition, the
modulation of miR15b
expression may
be useful as
an apoptosissensitizing strategy
for HCC treatment
The miR-146a GG
genotype and G
allele carried an
increased risk of
HCC HBV-positive
subjects carrying
but not in HCVinfected patients
miR-122 as a
diagnostic and
prognostic
marker for HCC
progression

18 miRNAs
exclusively
expressed in HCVassociated HCC
and characterized
by high specificity
and selectivity
vs all other liver
diseases and
healthy conditions
were identified
Among the 18
HCC-exclusive
miRNAs identified
in this research,
miR-221 and
miR-224, miR199a-5p, miR-195,
miR-214, miR199a-3p, miR-125a5p, miR-139-5p,
miR-130a, miR199b-3p, miR-1393p, miR-224-3p
and miR-452 were
already reported in
previous studies
miR-497,
miRNA-1269
miR-424-3p were
never described in
previous reports
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Gramantieri L,
Cancer Research, 2007
Italy
Period: NR

Tissue obtained from:
60 patients (HBV: 5,
HCV: 31, HBV+ HCV:
5, HCV+ pas tHBV:
5, past HBV: 1; HBV
+ ethanol: 1, HCV +
ethanol: 2, ethanol: 3)

Up-regulation of:
miR-221

Hao YX,
Asian Pac J Cancer Prev, 2013
China
Period: January 2010 - April 2012

Serum samples from:
-285 patients with
HCC
133 HBsAg-positive
36 anti-HCV positive
8 with coinfection
-Residents without
HCC who entered the
hospital for health
check-ups were
enrolled into control
group Each control
was pair-matched by
sex and age (± 5 yr) to
a patient with HCC

NR

Köberle V,
Eur J Cancer, 2013
Germany
Period: February 2009 - July 2012

Serum samples
Longer OS in patients
obtained from:
with higher miR-1 and
195 patients with HCC miR-122 serum levels
( 33 HBV+; 87 HCV +,
14 NASH, 65 Alcohol,
8 Haemochromatosis,
9 Cryptogenic)
54 patients with
liver cirrhosis (2
HBV +; 41 HCV +, 0
NASH, 16 Alcohol, 0
Haemochromatosis, 0
Cryptogenic)

Ladeiro Y,
Hepatology, 2008
France
Period: 1992-2004

109 liver samples,
- miR-96
collected from 93
overexpressed in HBV
patients surgically
tumors
treated. Analysed
- miR-21, miR-222,
cases:
miR-10b
HCC: 28, HC: 13, FNH:
overexpression in
5, non-tumor liver
HCC
samples: 4
- miR-224
Two sets of samples overexpression in HCC
were considered:(first
vs benign tumours
set of samples (n =
50, 16 HBV positive,
9 HCV positive )
and validation set of
samples (n = 59, 18
HBV positive, 17 HCV
positive)

WJG|www.wjgnet.com
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Down-regulation of :
The aberrant
let-7a-1, let-7a2, let-7a3,
expression of a
let-7b, let-7c, let-7d, let- restricted panel of
7e, let-7f2, let-7g, miRmiRNAs could
122a, miR-124a, miRparticipate in the
130a, miR-132, miR-136, molecular events
miR-141, miR-142,
leading to HCC
miR-143, miR-145,
development
miR-146, miR-150,
miR-155, miR-181a-1,
miR-181a-2, miR-181c,
miR-195, miR-199a15p, miR-199a2-5p,
miR-199b, miR-200b,
miR-214, miR-223
NR
miR-196a2 CC
genotype and
C allele have an
important role
in HCC risk in
Chinese patients,
especially in HBV
infection carriers
No significant
association
observed between
miR-146aG>C
and miR499A>G genetic
polymorphisms
and HCC risk
Reduced OS in patients At age-, sex-, tumor
with lower miR-1 and
stage and
miR-122 serum levels treatment-adjusted
multivariate
Cox regression
analysis miR-1
serum levels were
independently
associated with
OS, whereas serum
miR-122 was no. t
miR-1 may improve
the predictive value
of classical HCC
staging scores
-miR-422b, miR-122a
Hepatocellular
down-regulation
tumors may
both in benign and
have a distinct
malignant tumors
miRNA expression
- miR-200c and miR-203
fingerprint
underexpression in
according to
benign tumours
malignancy,
- low expression of
risk factors, and
miR-375 in both HCA
oncogene/tumor
and HCC
suppressor gene
mutated for β-catenin
alterations
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Liu YX,
BioMed Research International, 2014
China
Period: January 2004 - December 2008

Tissue obtained from:
-207 HCC liver tissue
and patients and
adjacent
noncancerous tissue
samples.
HBV + : 174 patients;
HCV+ : 3 patients

miR-24 up-regulation
in HCC tumor tissues
relative to adjacent
noncancerous tissue
samples

NR

Liu WH,
Gastroenterology, 2009
Taiwan
Period: 2002-2006

Tissue obtained from: Specifically increased
-80 HCC patients (40
miR-18a miRNA in
HBV+ and 40 HCV +), samples from female
-16 focal nodular
HCC patients. miRhyperplasia cases
18a expression in
-7 adenoma cases
tumor tissues not
different from the
non-tumoral tissues in
either male or female
patient FNHs and
adenomas
Tissue and sera
In 39/41 HCC,
obtained from:
the methylation
-41 patients with HCC levels of miR-129-2
(19 HBV positive,
were significantly
11 HCV positive, 2
increased in tumor
HBV/HCV positive, 8
tissues compared
HBV/HCV negative with adjacent normal
and 1 not determined)
tissues
-8 patients with
miR-129-2
cirrhosis (6 HBV
methylation was
positive, 2 HCV
detectable in plasma
positive, 1 HBV/HCV samples from HCC
positive),
patients, but not in
-10 Healthy subjects plasma samples from
healthy individuals
or patients with liver
cirrhosis
miR expression
Major expression of
profiles in 25 pairs
miR-18, precursor
of hepatocellular
miR-18, and miR-224
carcinoma (HCC)
in HCC vs nonand adjacent
cancerous tissue
nontumorous
tissue (NT) and
nine additional
CHB specimens was
performed, using
a human miRNA
microarray
HBV +: 6;
HCV +: 26

NR

Lu CY,
Genes Chromosomes and Cancer, 2013
Taiwan
Period: NR

Murakami Y,
Oncogene, 2006
Japan
Period: NR

WJG|www.wjgnet.com
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High expression
of miR-24 could
promote AFB1DNA formation
and increase
adducts mount.
High expression
of miR-24 was
significantly
correlated with
larger tumor size,
higher microvessel
density,
and tumor
dedifferentiation
miR-18a prevents
translation of ER,
potentially blocking
the protective
effects of oestrogen
and promoting the
development of
HCC in women

NR

miR-129-2
methylation is
highly accurate
in distinguishing
HCC patients from
cirrhosis patients
and healthy
individuals,
implying its
potential utility as
an early diagnostic
marker for HCC

Minor expression of
miR-199a*, miR-195,
miR-199a, miR-200a,
and miR-125ª
in HCC vs noncancerous tissue

Higher expression
of three miRNAs in
the HCC samples
vs NT samples,
demonstrated
lower expression of
five miRNAs in the
HCC samples vs
NT samples
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Qu KZ,
J Clin Gastroenterol, 2011
USA
Period: NR

Salvi A,
Intern J Oncol, 2012
Italy
Period: NR

Sato F,
PLoS One, 2011
Japan
Period: January 1997 - March 2007

Shigoka M,
Pathology International, 2010
Japan
Period: NR
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283 subjects studied:
-105 patients with HCC
(20 HBV +, 66 HCV +,
1 with coinfection);
-107 individuals with
CLDs;
-71 healthy controls

Measurement of
serum levels of
miR-16 improves
differentiation of
HCC
from nonHCC CLD. The
combination of
miR-16, AFP,
AFP-L3, and DCP
yielded greater
sensitivity and
specificity for HCC
detection than
any other single
marker or marker
combination
examined
Tissue specimens
Up-regulation of:
Down-regulation
Differential
obtained from: human miR-21 in HCC tissues of: miR-24 and miRexpression of
HCC samples,
vs the corresponding
27a in HCCs from
miRNAs in
corresponding
cirrhotic liver tissues
cirrhotic and
peritumoral tissues,
peritumoral and
particularly in nonin comparison to those
non-cirrhotic
non-tumor samples
cirrhotic HCC
from non-cirrhotic
HCCs, thereby
(resected 1-2 cm from
liver tissues. The
contributing to
the malignant tumor)
advances in the
downregulation of
15 HCV + patients,
miR-24 was correlated
discovery and
10 HBV+ patients
with poorer prognosis
validation of
4 HBV+/HCV +
in patients with
novel molecular
subjects
HBV and HCV virus biomarkers of HCC
7 HBV -/ HCV infections
progression
patients
5 patients with no
available informations
(25 cirrhosis, 15
hepatitis, 1 steatosis)
73/639 patients with
Recurrence-related
Recurrence-related
miRNA profiling
HCC and satisfying
miR in tumor tissues: miRNA in non-tumor
can predict HCC
enrollment criteria,
miR22,
tissues: miR18a,
recurrence in Milan
underwent hepatic
miR99a, miR99b,
miR18b, miR21, miR23a,
criteria cases
resection
miR100, miR 125a-5p, miR24, miR27a, miR96,
miR-96 in nonPatients HBsAg +: 12; miR125b, miR129-5p,
miR103, miR 107,
tumor tissues is the
Patients HCV +: 51
miR 140-3p, miR145,
miR126, miR142- 3p,
most strongly
miR195, miR221,
miR 148a, miR 191, miR associated with
miR378, miR497
222, miR362-3p, miR
HCC recurrence
425, miR378, miR1202,
let 7e, let-7f
Serum and tissue
Higher levels of miR- Decreased ratio of miR- Deregulation of
samples obtained
92a expression in HCC 92a to miR-638 in the miR-92 expression
from:
sections vs adjacent LC plasma samples from in cells and plasma
-22 HCC cases (6 HBV
sections
the HCC patients
could be implicated
+, 10 HCV +, 6 noncompared with that in the development
HBV/HCV)
from the normal donors
of HCC
-5 pairs of fresh HCC
and non-tumorous
LCD samples
surgically resected
from HCC patients
-10 healthy subjects
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NR

Significantly lower
serum levels of miR-16
and miR-199a in HCC
than in CLD patients or
control subjects

April 21, 2016|Volume 22|Issue 15|

Fiorino S et al . miRNAs and HBV-HCV liver diseases
Spaniel C,
PLoS One, 2013
Japan/USA
Period: NR

Toffanin S,
Hoshida Cabellos Gastroenterology, 2011
Italy
Period: NR

Tomimaru Y,
J Hepatol, 2011
Japan
Period: January2010 - February 2010
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Tissue samples
obtained from:
a) Paired tumor and
nontumor tissues
collected from 26
patients undergoing
surgical resection of
HCC:
-16 with concomitant
chronic HCV infection,
-10 infected with HBV
b) 9 with non-infected
‘normal’ liver tissue
collected from patients
undergoing resection
of metastases of nonhepatic primary
cancers
Tissue samples
obtained from: - 89
fresh-frozen HCC
samples (surgical
resection or LT);
- Formalin-fixed
paraffin-embedded
tissues of 165 HCCs
(validation set) caused
by HCV, HBV,
alcohol, and others
Subjects subdivided
into: Training set: 79
patients
Validation set: 161
patients
Training set:,
HCV +: 79/79 patients
Validation set:
HCV +: 74/161;
HBV +: 43/161;
Alcohol: 12/161;
Other: 25/161

Possible miR-191
Significant reduction of miR-122 abundance
increased expression in miR-122 abundance in
varies between
HBV-associated HCC HBV associated HCC
HBV- and HCVin comparison with
related liver HCC
“normal” liver tissue,
as well as in nonbut not in liver cancer
tumor tissue
associated with HCV.
Significant differences
in miR-122 expression
exist in non-tumor
tissue, with miR-122
abundance reduced
from “normal” in HCVbut not HBV-infected
liver

miRNA-based
classification of
3 subclasses of
HCC is proposed.
Among the
proliferation class,
miR-517a is an
oncogenic miRNA,
promoting tumor
progression
A rationale for
developing
therapies that
miRNA 517 for
patients with HCC
is proposed
A hierarchical
clustering of
miRNA data
identified 3 main
clusters of HCC:
clusters A (32/89),
B (29/ 89) and C
(28/89). The C
cluster divided into
3 sub-clusters with
distinct miRNA
expression patterns:
C1 (15/89), C2
(8/89) and C3
(5/89)
Serum samples
Significantly higher
Significantly
Plasma miRNA-21
obtained from:
plasma miR-21 level
diminished plasma
level is a promising
-10 patients before and in the HCC patients in miRNA-21 levels after biochemical marker
after curative resection comparison with CLD surgery compared with
for HCC
of HCC (HBV/HCV-: patients and healthy the pre-operative values
1,
volunteers
HBV: /3/
HCV+: 6/);
-126 patients with
HCC,
-30 patients with CLD,
-50 healthy volunteers
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Up-regulation of 23
Down-regulation of
miRNAs in cluster C2 miR-26a and miR-26b in
(miR-517a, miR-517b,
cluster C2 and C3
miR-517c, miR-520g,
miR-520h, miR-519b,
miR-519d, miR-516-5p,
miR-519a,miR-520c,
miR-520b, miR-520f,
miR-526b, miR-524,
miR-516-1, miR-526b,
miR-519e, miR-5123p, miR-522, miR-526a,
miR-518f, miR-518b,
and miR-525
Up-regulation of 16
miRNAsin cluster C3
(miR-376a, miR-494,
miR-409-3p, miR-376b,
miR-377, miR-368,
miR-382, miR-3693p, miR-410, miR-432,
miR-154, miR-379,
miR-299-5p, miR-431,
miR-381, miR-495)
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Ura S
Hepatology, 2009
Japan
Period: 1999-2004

12 patients with HBVrelated HCC
14 patients with HCVrelated HCC

NR

Zhou B
Tumor Biol, 2014
China
Period: January 2010 - February 2012

Serum samples
obtained from:
-266 patients with
HCC
-281 Healthy controls

NR

Commonly repressed
miRNAs as
miR in CH-B, CH-C,
important
HCC-B, and HCC-C
mediators of
compared with normal
HBV and HCV
liver: miR-219, miR-320, infection as well
miR-154, miR-29c;
as liver disease
miR-338; miR-26a;
progression, they
miR-126; miR-325
could be potential
therapeutic target
molecules
Major miRNAs
expression in HCC
vs CLD: miR21,
miR-98, miR183,
miR221, miR222,
miR301. Minor
miRNAs expression
in HCC vs CLD:
miR17-3p, miR30a3p, miR30e, miR92,
miR 99a, miR122,
miR125b, miR130a,
miR139, miR187,
miR199a, miR200a,
miR200b, miR223,
miR326
NR
Subjects with
miR-146a GG and
G allele had an
enhanced risk of
HCC in comparison
with homozygote
CC genotype.
Individuals with
miR-196a2, TT and
T allele significantly
decreased the
risk of HCC in
comparison with
CC genotype.
miR-196a2C>T
polymorphisms
associated with a
decreased risk of
HBV-related HCC,
but not in HCVrelated HCC cases

ABH: Acute B hepatitis; ASCs: Asymptomatic HBsAg carriers; BCLC: Barcelona Clinic Liver Cancer staging system; CHB: Chronic hepatitis B; CLD:
Chronic liver disease; ER-α: Estrogen receptor-α; FNH: Focal nodular hyperplasia; HCC: Hepatocellular carcinoma; HC: Healthy controls; HCA:
Hepatocellular Adenoma; LC: Liver cirrhosis; LT: Liver transplantation; NR: Not reported; OS: Overall survival; RFS: Recurrence-free survival; SR:
Spontaneously recovered.

of HCC in this different spectrum of human diseases.
Concerning NAFLD/NASH, most of available articles
have studied the circulating or tissue miR signature
associated with NAFLD progression and predictive
power, as well as the role of miRs in disease biology
and the relationship between circulating miRNA and
features of the metabolic syndrome. In particular, a
report has assessed tissue miRNA patterns in patients
with NASH in comparison with normal controls. Fortysix miRNAs have resulted to be differentially expressed
in these two distinct groups, 23 miRNAs were up-
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regulated (miR-125b, miR-16, miR-21, miR-23a, miR23b, miR-24, miR-27b, miR-34a, miR-99b, miR-100,
miR-127, miR-128a, miR-128b, miR-146b, miR-181b,
miR-199a, miR-199a*miR-200a, miR-214, miR-221,
miR-222, miR-224, miR-455) and 23 down-regulated
(miR-126, miR-28, miR-26b, miR-30d, miR-122,
miR-361, miR-574, miR-92b, miR-768-5p, miR-375,
miR-203, miR-223, miR-145, miR-671, miR-139,
miR-191*, miR-563, miR-188, miR-601, miR-765,
[95]
miR-198, miR-641. miR-617) . MiR-122 levels were
significantly decreased in subjects with NASH. Estep

3927

April 21, 2016|Volume 22|Issue 15|

Fiorino S et al . miRNAs and HBV-HCV liver diseases
Table 4 miRNA observed deregulated in studies enrolling hepatocellular carcinoma patients with hepatitis B virus and hepatitis C
virus-related infection in at least three papers
miRNA

Type of deregulation (number of papers)

Type of Sample (number of papers)

Ref.

Downregulated (4)

Tissue (4)

miR-21

Upregulated (3)

Tissue (2), serum (1)

miR-224

Upregulated (3)

Tissue (3)

miR-195

Downregulated (3)

Tissue (3)

Gramantieri L, Cancer Research, 2007
Diaz G, Int J Cancer, 2013
Chung GE, Oncol Rep, 2010
Oksuz Z, Mol Biol Rep, 2015
Ladeiro Y, Hepatology, 2008
Salvi A, Intern J Oncol, 2012
Tomimaru Y, J Hepatol, 2011
Diaz G, Int J Cancer, 2013
Ladeiro Y, Hepatology, 2008
Murakami Y, Oncogene, 2006
Gramantieri L, Cancer Research, 2007
Diaz G, Int J Cancer, 2013
Chung GE, Oncol Rep, 2010

miR-130a

Table 5 miRNAs patterns in studies enrolling hepatocellular carcinoma patients with hepatitis C virus-related infection
Ref.

Characteristics of the
study

Abdalla MA,
2012
Egypt
Period: NR

Urine samples
Up-regulation of:
Down-regulation The predictive
collected from:
- miR-765, miR200a and
of:
sensitivity and
-32 patients with HCC
miR-610, in the HCC-post
-miR-765,
specificity values
post-HCV infection,
HCV group;
miR200a and
of miR-618/650
-74 patients with
- miR-335, miR-618, miR-625,
miR-610 in the
in tandem
chronic HCV
miR-532, miR-7 were in both
HCV positive
for detecting
infection --12 normal the HCC-post HCV positive
group;
HCC among
individuals
group and in the HCV positive
- miR-323,
HCV-positive
group, relative to the control
miR-449, miR- individuals were
group
502d, miR-92b,
58% and 75%,
miR-516-5p and
respectively.
miR-650 in both
These values
the HCC-post
were higher,
HCV positive
compared to
group and in the
the traditional
HCV positive
α-feto protein
group, relative to (AFP) level-based
the control group detection method
Tissue and serum
ND
ND
The serum
samples obtained
miR-21 level
from:
is a marker
-CHC: 62;
for necroin
-CHC plus HCC: 29;
flammatory
-Healthy subjects:
activity, but
29; An -Independent
does not differ
cohort of 47 CHC
between patients
patients
with HCV and
HCV-induced
HCC
Serum samples
Up-regulation of miR-122,
NR
Serum miR-221
obtained from:
miR-221
has a strong
-30 with chronic HCV
potential to
alone (CH);
serve as one
-30 with HCV-related
of the novel
cirrhosis (LC);
non-invasive
-30 with HCV-related
biomarkers of
HCC;
HCC
-10-age and gendermatched healthy
volunteers

Bihrer V,
PLoS One, 2011
Germany
Period: NR

El-Garem H,
WJG, 2014
Egypt
Period: March-June 2012
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miRNAs Up-regulated

miRNAs Downregulated

Conclusions
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Elhelw DS,
Biomedical Reports, 2014
Egypt
Period: NR

Oksuz Z,
Mol Biol Rep, 2015
Turkey
Period: NR

Varnholt H
Hepatology, 2008
Germany
Period: 1995-2007

Zhang Y
Hepatology, 2012
China
Period: NR

Serum, liver tissues
and peripheral
mononuclear cells
samples obtained
from patients infected
with genotype
4‑HCV:
-72 patients
chronically infected
with HCV
- 22 age‑matched
controls. The patients
classified as: 24 naïvepatients, 11 SVRs
pre‑treatment, 15
SVRs post‑treatment,
12 NRS pre‑treatment
and 10 NRS
post‑treatment
Serum samples
obtained from:
-26 patients with
CHC;
-30 patients with
HCV-related
cirrhosis;
-8 patients with HCVpositive HCC;
-28 patients with
control group

miR‑181a significantly higher
in the serum of naïve patients
compared to controls,
no difference in miR‑181a
expression observed in the
liver tissues and PBMCs of
patients compared to controls
up-regulation of miR‑181a
post‑interferon/ribavirin
treatment in the serum of SVRs
compared to non‑responders
and treatment‑naïve SVR

NR

The upregulation of
miR‑181a in the
serum of HCV
patients as an
indication of
good prognosis
Any decrease
during follow‑up
may be an early
marker for
progression to
HCC

Deregulated miR-30a-5p, miR- Deregulated miR- miR-17-5p, miR30c-5p, miR-206, miR302c-3p 17-5p, miR-30c30c-5p, miRin CHC
5p, miR-223223-3p, miRDeregulated miR-17-5p, miR- 3p, miR-302c-3p
302c-3p could
30c-5p, miR-93-5p, miR-130a- in cirrhosis and
serve as novel
3p, miR-223-3p, miR-302c-3p,
HCC
non-invasive
miR-302c-5p
biomarkers in
the early phases
of HCV-related
HCC and in the
cirrhosis stage of
liver disease
Tissue samples
Increased expression of miR-9,
Decreased
A subset of
obtained from: 52
miR-10a, miR-15a, miR-16,
expression of
miRNAs are
primary liver tumors miR-299, miR-370 miR-326,
miR-198, miRaberrantly
from 39 patients
miR-let-7g, miR-100, miR-125b
302b, miRexpressed
induced by HCV
in HCC in comparison with
302b, miR-145,
in primary
infection
normal liver
miR-368,
liver tumors,
miR-218,
serving both as
miR-330,
putative tumor
miR-137,
suppressors and
miR-147,
as oncogenic
miR-104, miR-9,
regulators
miR-106a,
miR-204, miR159a, miR-134,
miR-29c, miR-95,
miR-199b,
miR-185 in HCC
in comparison
with normal liver
Tissue specimens
Up-regulation of: miRNA-155
NR
HCV-induced
obtained from:
miR-155
-Healthy controls: 7;
expression
-NASH:12;
promotes
-Chronic HCV
hepatocyte
infection; patients: 34;
proliferation and
-HCV-HCC
tumorigenesis by
patients:10
activating Wnt
signaling

BCLC: Barcelona Clinic Liver Cancer staging system; CLD: Chronic liver disease; ER-α: Estrogen receptor-α; FNH: Focal nodular hyperplasia; HCC:
Hepatocellular carcinoma; HC: Healthy controls; HCA: hepatocellular adenoma; LC: Liver cirrhosis; LT: Liver transplantation; NASH: Nonalcoholic
steatohepatitis; ND: Not detected; NR: Not reported; NRS: Non‑responder; OS: Overall survival; RFS: Recurrence-free survival; SR: Spontaneously
recovered; SVRs: Sustained viral responses.
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[96]

et al
have studied miRNA expression in the visceral
adipose tissue of patients with non-alcoholic fatty
liver disease. A total of 113 species of miRNAs were
differentially expressed in the visceral adipose tissue
of NASH patients compared with those with nonNASH type of NAFLD. After multiple test correction,
a significant down-regulation in the expression of
seven miRs (miR-132, miR-150, miR-433, miR-28[96]
3p, miR-511, miR-517a, miR-671) was detected .
Functional analysis of these seven miRNAs differentially
expressed in NASH showed significant association
with paths involved in the liver carcinogenesis. In
addition, two miRNAs (miR-197 and miR-99), were
significantly associated with pericellular fibrosis in
NASH patients. A significant correlation was detected
between serum and hepatic miR-122 expression in
[97]
a series of 67 patients with NAFLD . Patients with
mild steatosis (< 33%) had significantly lower levels
of hepatic miR-122 in comparison with subjects with
severe steatosis (> 33%). Hepatic and serum miR-122
levels were significantly higher in patients with mild
fibrosis than in those with severe fibrosis. The serum
miR-122 level has resulted to be a useful predictive
marker of liver fibrosis in patients with NAFLD, but no
correlation was assessed between miR-122 and risk
[97]
of HCC development . A further study has evaluated
[98]
serum miRNA profiles in patients with NASH . This
paper shown that miR-122, miR-192, miR-19a/miR19b, miR-125b, and miR-375 were up-regulated >
2-fold either in simple steatosis or NASH and that,
at a regression analysis for an ordinal multinomial
distribution, miR-122, miR-192 and miR-375 were
significantly associated with the histological disease
severity and significantly up-regulated in NASH
compared with patients, suffering from simple
steatosis. In addition, few data are available,
concerning expression pattern of miRNAs in alcoholrelated liver cancer. Only some studies has evaluated
miRNA profiles in a small number of patients with
liver cancer and history of alcohol abuse, but some
[69,81]
of them had a coexisting HBV- or HCV- infection
.
[72]
Ladeiro et al
found that miR-21, miR-222, and miR10b were significantly over-expressed in patients
with HCCs, associated with both viral- and non-viral
risk factors, but only under-expression of miR-126*
was specifically related to alcohol abuse. Primary
biliary cirrhosis (PBC) is also characterized by an
altered expression pattern of miRNAs in comparison
with healthy individuals. In particular, in liver tissue
miR-346, miR-145, miR-328, miR-371, miR-299,
miR-374, miR-506, miR-202, miR-186, miR-341,
miR-25 were up-regulated, whereas miR-122a, miR23b, miR-26a, miR-192, miR-126, miR-130b, miR-192,
miR-194, miR-24, miR-107, miR-455-3p, miR-16, miR193b, miR-103, miR-100, miR-27b, miR-19b, let-7d,
miR-99a, miR-30c, miR-422b, miR-30e-5p, miR-92,
[99]
miR-101b resulted down-regulated , whereas, in
serum, miR-1273g-5p, miR-33a-5p, miR-3960 were up
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regulated and miR-766-5p, miR-505-3p, miR-30b-3p,
miR-139-5p, miR-197-3p, miR-500a-3p were down[100]
regulated
. However, no data exist, concerning
the roles of miRNAs in hepatocarcinogenesis in
patients with this pathology. In addition, no results
are available, concerning a specific miRNA signature
and liver cancer in subjects with hemochromatosis.
In conclusion, no definite miRNA patterns, associated
with an increased risk of HCC development in these
non-viral diseases, have been described.

DISCUSSION
It is well-known that miRNAs act as key factors
in several biological processes, such as growth,
cell proliferation, differentiation, apoptosis and
carcinogenesis. To date, most of the current diagnostic
approaches for cancer screening are invasive,
not specific as well as generally little effective or
unable to detect malignancies in the early phases of
development. Accumulating evidence indicates that
miRNAs are perturbed both in non-cancerous human
diseases and in the course of human carcinogenesis,
from the early- to the late-phases of this process,
in a large series of malignancies, including lung,
colon, stomach, kidney and prostate and breast
tumours. HBV- and HCV-related HCC development
and progression is also associated with a significant
and important deregulation of serum/plasma and
liver tissues profiles of miRNAs, as it has been widely
reported by several studies. Therefore, this evidence
makes miRNAs potential non-invasive biomarkers
for diagnosis, staging, progression, prognosis and
response to treatment not only in non-cancerous
diseases, but also in different malignancies. In
particular, whether a definitive and reliable correlation
between specific miRNAs levels and/or profiles in body
fluids and HCC could be defined, these molecules might
become a very useful tool for early detection of this
type of neoplasm, in particular in the pre-symptomatic
phases of its development. Therefore, in the last
years, a large series of studies has been performed
with these purposes. Ideal biomarkers should allow to
diagnose and to monitor a disease, with an adequate
sensibility and specificity, to define its stage as well
as to permit an easy and reproducible screening
in the general population, with a low cost. MiRNAs
possess some peculiar and usefulness characteristics,
including the possibility to detect these molecules in
serum/plasma samples, that may be easily collected,
and their high stability, even in conditions that are
generally known to induce RNAs degradation, such
as fluctuations in temperature and pH levels as well
[101-103]
as long-term storage
. Unfortunately, several
factors may strongly influence and decrease the
possible helpfulness and benefit of miRNAs use in
diagnostic and prognostic assessment of patients with
cancers, such as bioptic or surgical procedures for
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samples collection, methods of specimens freezing
and RNA detection, aetiology of neoplasms and
changing miRNAs profiles in the different phases of
carcinogenetic process. Taking advantage from these
elements, several Authors have evaluated miRNAs
expression patterns in serum/plasma of patients with
HBV- and or HCV-related HCC and compared these
profiles with those detectable in serum/plasma of
subjects with HBV- and/or HCV-positive hepatitis or
cirrhosis as well as of healthy individuals with the aim
to assess their potential role in the early diagnosis,
prognosis and treatment outcome of patients at high
risk of HCC development. In our review we specifically
focused on these reports to summarize the available
knowledge on this topic. Although the results of these
studies seem to suggest that the use of miRNAs
might be a feasible tool for the diagnosis of HCC, to
date several important questions remain unresolved
and incompletely defined. Therefore the utility and
feasibility of miRNAs employment in clinical practice
is still debatable and no definitive conclusions may
be drawn. A doubtful point emerges from available
results and has to be taken into account: the extreme
heterogeneity among the different available studies. In
particular the following factors have to be considered.
study design and end-points. A high number of
reports include a small sample sizes, very low number
of screened miRNAs as well as a poor research
methodology. In particular, in a high series of studies,
only one or two miRNAs were considered for data
analysis.
Most reports (in particular, studies investigating
miRNAs patterns in HBV-related HCC) were carried
out in China or in South East Asia, such as South
Korea and Taiwan, in people of Asian ethnicity. These
countries are high HBV-endemic areas, although,
in the last years, long-term vaccination programs
have contributed to decrease HBsAg positivity rate
in the general population. On the other hand, only
a small number of studies have been carried out in
Europe, America and Africa. Therefore, the substantial
variation in serum prevalence of HBV-related
antigens/antibodies (i.e., the antibodies patterns of
HBsAg negative individuals, with signs of past HBV
infection, a frequent conditions, at least in subjects of
Southern Europe), as well as difference in geographical
distribution of HBV genotypes, should be taken into
account. All these factors, mainly for HBV, might
have a substantial impact on the results obtained by
available reports and could limit their validity.
It is possible that several miRNAs with potential
important roles in HCC development have not been yet
identified and validated as possible specific and useful
biomarkers in the process of liver carcinogenesis and
their activity has not yet been assessed in the available
scientific works.
The potential inter-relations and cooperation among
host- and viral-miRNAs, during the development of this
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malignancy, the potential cooperation between viruses
and host in the process of liver carcinogenesis requires
further evaluations. Cellular miRNAs may directly affect
replication and pathogenesis of HBV and HCV viruses.
It has been reported that miRNA-122 is essential for
[104]
maintaining the adult phenotype in hepatocytes
.
Moreover miR-122 is able to modulate the activities of
genes controlling some important liver functions, as
[105]
metabolism of lipid and cholesterol . MiR-122 is also
able to facilitate HCV replication, by targeting a 50 non[106]
coding region of the viral genome
. HBV genome
includes targets for human encoded miRNAs, as miR-7,
miR-196b, miR-205, miR-345, miR-433, miR-511
and also miR-122. This last binds to the region of
HBV pregenomic RNA, which codes both for the viral
polymerase and for the 3’ untranslated region and for
the core protein. Therefore, HBV gene expression and
[107]
replication are negatively modulated
. It has been
reporteded that several miRNAs (miR-7, miR-196b,
miR-433 and miR-511) interact with some viral DNA
[108]
sequences and influence their activities
. A study
[109]
by Novellino et al
has showed that, during HBV
chronic infection, circulating HBsAg particles represent
the carriers of selective pools of hepatocellular miRNAs
(miR-27a, miR-30b, miR-122, miR-126 and miR-145),
with specific liver functions.
Actually it has not yet been defined which is the
best human biological sample (i.e., serum, plasma,
urine or tissue) to establish both which is the type
of miRNAs and the range of their levels useful to an
early diagnosis of HCC diagnosis or the risk of its
recurrence. It should be considered that also different
starting material could lead to different miRNA
expression results. For example, a miRNA found as
up-regulated in tissue specimen could be observed as
not-deregulated (or down-regulated) in serum sample
(e.g., miR-122, Table 2).
Distinct molecular techniques are used in different
studies, as microarrays, reverse-transcription
polymerase chain reaction-based assays and nextgeneration sequencing, making it difficult to compare
the results from different studies.
It should be considered that different studies
have compared miRNA expression profiles of patients
with several different control groups (e.g., nonneoplastic liver, non-neoplastic liver adjacent to the
tumor, chronic hepatitis, hepatic tissue from alcoholic
cirrhosis). The selection of reference control group
is still a big issue also in miRNA studies performed
[110]
in other tumors (e.g., in brain neoplasia
). This
variability in selection of reference groups is another
reason explaining the different expression profiles of
some miRNAs observed throughout different studies
(Tables 1-5 and Supplementary Tables 1-3).
Therefore, our knowledge of this field of search
is still far from complete. Taken into account the
results available in literature, although some studies
have pointed out the potential role of some serum/

3931

April 21, 2016|Volume 22|Issue 15|

Fiorino S et al . miRNAs and HBV-HCV liver diseases
plasma miRNAs, including miR-21, miR-122, miR125a/b, miR199a/b, miR-221, miR-222, miR-223,
miR-224, as biomarkers for an early diagnosis of
HCC development as well as for the assessment of its
prognosis in HBV- or HCV- positive patients with this
type of malignancy, their efficiency and usefulness
require further evaluation and several issues have
to be addressed to establish circulating miRNAs as
definite reliable and useful diagnostic and prognostic
tools. It is conceivable that different panels of miRNAs
should be defined to obtain this end-point. Because
of extreme biological complexity of miRNAs system,
where each single miRNA may not only possess many
targets and may modulate several pathways but
also it may be influenced by a large series of distinct
miRNAs, it is very improbable that a single miRNA
may be sufficient for this purpose. Therefore, more
well-designed and well-adjusted studies, focusing
on populations of different geographical areas and
involving larger series of patients, should be carried
out to improve our knowledge on the potential role
of miRNAs in HCC detection and allow us to define
efficient panels of miRNAs. These trials should also
allow us to establish which is the better type of sample
and of test to be used for miRNAs search. In addition,
these studies might provide the opportunity to design
new treatments and anticancer approaches as well
as to assess the efficacy and the side effects of these
therapies.
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Abstract

Jean-Luc Van Laethem, Department of Gastroenterology,
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Belgium

In oncosurgical approach to colorectal liver metastases,
surgery remains considered as the only potentially
curative option, while chemotherapy alone represents
a strictly palliative treatment. However, missing
metastases, defined as metastases disappearing
after chemotherapy, represent a unique model to
evaluate the curative potential of chemotherapy and to
challenge current therapeutic algorithms. We reviewed
recent series on missing colorectal liver metastases
to evaluate incidence of this phenomenon, predictive
factors and rates of cure defined by complete
pathologic response in resected missing metastases
and sustained clinical response when they were
left unresected. According to the progresses in the
efficacy of chemotherapeutic regimen, the incidence
of missing liver metastases regularly increases these
last years. Main predictive factors are small tumor size,
low marker level, duration of chemotherapy, and use
of intra-arterial chemotherapy. Initial series showed
low rates of complete pathologic response in resected
missing metastases and high recurrence rates when
unresected. However, recent reports describe complete
pathologic responses and sustained clinical responses
reaching 50%, suggesting that chemotherapy could
be curative in some cases. Accordingly, in case of
missing colorectal liver metastases, the classical
recommendation to resect initial tumor sites might
have become partially obsolete. Furthermore, the
curative effect of chemotherapy in selected cases
could lead to a change of paradigm in patients with
unresectable liver-only metastases, using intensive
first-line chemotherapy to intentionally induce missing
metastases, followed by adjuvant surgery on remnant
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chemoresistant tumors and close surveillance of initial
sites that have been left unresected.

quality of life rather than induce an optimal tumor
response. However, it can be argued that this vision
is overly simplified, and is, at least partially, dogma
tic rather than evidence-based. For example, it is
clear that technical resectability does not optimally
categorize all patients with CRLM. In some patients,
rapid postoperative recurrence despite curative-intent
[16]
resection casts doubt upon the benefits of surgery .
Moreover, no randomized study is currently available
comparing surgery and chemotherapy in similar
patients and the interpretation is massively biased
when comparing the results of surgery in patients
with limited disease and favorable prognostic factors
to those of chemotherapy in patients with massive
tumor burden. For obvious ethical reasons, it is not
possible to conduct a trial that randomizes surgery
and chemotherapy in patients with resectable CRLM
and, therefore, arguments to challenge current
therapeutic algorithms can only arise from indirect
observations. The constant improvement in survival
rates in patients receiving surgery for CRLM in recent
years may represent the first evidence that challenges
the current view. This has been achieved in the context
of 2 major evolutionary changes. At the surgical level,
sophisticated techniques now allow curative-intent
surgery in patients with advanced metastatic disease
who would have been previously ineligible for surgery.
In parallel, the efficacy of chemotherapeutic regimens
has continuously improved, resulting in significantly
[11]
increased tumor response rates . It is postulated
that it is the combination of these 2 factors that is
responsible for major improvements in post-surgical
outcomes. A paradox is that the chances of longterm survival after resection have increased despite
extension of the oncological indications. From a surgical
point of view, it is unlikely that technical progress has
improved the oncological efficacy of liver resection. This
brings up the possibility that better results observed
in these patients may be attributable to improved
performance of chemotherapy, usually combined with
surgery in complex cases. One could hypothesize that
these results in patients with advanced CRLM may
rely on the capacity of modern systemic regimens to
[17-19]
clear occult metastatic disease
. Along this same
line, the prognostic factors for postoperative outcomes
have changed notably in the last few years. Previously,
significant prognostic factors were mainly related to
tumor stage, at primary and secondary levels, and to
[20,21]
the possibility for radical surgery
. In the current
era of efficient multimodal treatments, the predictive
value of these factors has substantially decreased,
replaced by prognostic markers that define the intrinsic
tumor biology and potential interactions between the
cancer and systemic treatments. Accordingly, several
retrospective studies have indicated that the response
to preoperative chemotherapy has a major prognostic
impact and, particularly, that the chances of cure
are significantly increased in patients with complete

Key words: Colorectal; Liver; Metastases, Surgery;
Chemotherapy; Missing
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Surgery is considered as the only potentially
curative option for patients with colorectal liver
metastases, while chemotherapy alone is considered
as a palliative treatment. Recent data shown that
colorectal liver metastases disappearing after che
motherapy, so-called missing metastases, could not
reappear on the long-term, suggesting that systemic
treatments might be curative in selected cases. Ac
cordingly, we propose that classical recommendation
to limit surgery only when all initial tumor sites could
be resected might have become partially obsolete.
Furthermore, when missing liver metastases have been
induced, adjuvant surgery targeting the resistant part
of the disease could represent a new strategy.
Lucidi V, Hendlisz A, Van Laethem JL, Donckier V. Missing
metastases as a model to challenge current therapeutic algorithms
in colorectal liver metastases. World J Gastroenterol 2016;
22(15): 3937-3944 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i15/3937.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i15.3937

INTRODUCTION
The current oncosurgical approach in patients with
isolated colorectal liver metastases (CRLM) is primarily
driven by the concept that surgery represents the
only potentially curative option. Retrospective series
regularly report 5-year overall survival (OS) rates
[1-5]
superior to 50% after surgical resection , reaching
[6,7]
75% in selected groups , while rates of cure, defined
[8]
as disease-free survival (DFS) greater than 10 years ,
[9]
may reach 35% . In contrast, in non-resected
patients treated with chemotherapy only, median OS
[10,11]
is still limited to 30 mo
and survival exceeding 10
[12-14]
years remains exceptional
. Such a dichotomy in
the respective potentials of surgery and chemotherapy
has major implications for establishment of strategic
management plans in which resectability plays a
central role in therapeutic decisions. Currently, surgical
resection is the standard of care in patients with
resectable CRLM (defined as patients in whom radical
R0 resection is possible), irrespective of tumor load and
[15]
tumor biology . At the opposite end of the spectrum,
in patients with diffuse metastatic liver infiltration that
will never be amenable to surgery, chemotherapy is
given in a strict palliative setting which aims to provide
global cancer control and maintain an acceptable
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suggested by retrospective studies showing that the
differences in survival between R0 and R1 resection
are abolished in patients with optimal responses
[17,18,36]
to chemotherapy
, while R1 resection still
carries a poor prognosis in patients with suboptimal
[37]
responses . Taken together, these observations
support the hypothesis that new chemotherapeutic
regimens might have become potentially curative at a
cellular level. If this is true, the next step would be to
evaluate whether chemotherapy might be curative on
a macroscopic tumor and how to integrate this concept
into new therapeutic strategies. Taking into account
current established therapeutic algorithms, this simple
hypothesis is extremely difficult to verify in a clinical
model. However, the particular situation where liver
metastases disappear after chemotherapy represents
a unique opportunity to address this question. When
these so-called missing liver metastases (MLMs) are
left unresected, their long-term surveillance provides
the chance to verify whether such complete radiological
response (CRR) could correspond to a cure.
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Figure 1 Rates of local recurrence of non-resected missing liver meta
stases according to the time of reporting. Local recurrence rates of
unresected MLM according to the time of reporting, in 6 studies in which the
in situ recurrence rates of MLM left in place could be calculated, in 2006[40],
2007[41], 2009[42], 2010[43], 2011[44] and 2012[47].

pathological response (CPR) in resected metastases
as compared with patients with minor tumor response
[5-7,16,22-24]
. These data were not
or progressive disease
[25]
systematically confirmed
and should be interpreted
with caution due to the retrospective nature of the
studies and the variability of treatment regimens.
Moreover, these observations do not constitute proof
of the benefit of preoperative chemotherapy, as
CPR may represent a surrogate marker of favorable
tumor biology and/or genetics. Therefore, excellent
outcomes in these patients may be related to surgery
only in individuals with favorable tumor biology,
identified by their positive response to chemotherapy.
Still, and despite these reservations, if preoperative
chemotherapy may contribute to improved post
operative survival, its effect is not expected to be
dependent on its efficacy at the level of the responding
metastasis itself, as it will be subsequently resected,
but rather to active tumoricidal effects on occult
disease. The potential capacity of modern therapeutic
agents to eliminate microscopic disease could also
explain why the predictive value of surgical margins
regularly decreases. Classically, resectability was
defined as the possibility of achieving a 1 cm negative
margin and surgery was considered to be beneficial
[26-28]
only when radical
. These principles are now
challenged by several works showing that neither
margin width, nor R1 resection have a significant
impact on long-term survival in multivariate analyses
and, therefore, an anticipated R1 resection should not
be considered to be an isolated contraindication for
[17,29-35]
surgery anymore
. Modern surgical transection
methods, using ultrasonic dissectors and aspiration
devices and high energy coagulation systems,
may play a role in this phenomenon, transforming
macroscopic R0 resections into R1 pathological
[30]
resections
and R1 anatomical resections into R0
resections in situ. Perioperative chemotherapy may
also play a role, potentially through elimination of
residual cancer cells at resection margins. This is

WJG|www.wjgnet.com

MISSING LIVER METASTASES AS AN
OPPORTUNITY TO DEMONSTRATE THAT
CHEMOTHERAPY COULD BE CURATIVE
MLMs, or disappearing or vanishing metastases,
refer to liver metastases that become undetectable
upon imaging after administration of chemotherapy.
As radiological response to chemotherapy can be
[38]
inhomogeneous
and as MLMs may be reported as
the percentage of patients having at least 1 MLM or as
the ratio of MLMs compared to the total number of liver
metastases, the exact incidence of this phenomenon
remains difficult to evaluate. Yet, consistent with the
increased response rates to modern chemotherapies
and despite the increasing sensitivity of liver imaging
techniques, a trend toward an increasing rate of MLMs
has been described in the last years, ranging from 6%
to 10% in initial studies to 10% to 24% in more recent
[39-47]
works (Figure 1)
. The definition of MLM critically
depends on imaging technique performance. Currently,
most authors prefer magnetic resonance imaging (MRI)
[48]
over computed tomography scans
but optimally
use both techniques to confirm the disappearance of
[49,50]
the lesions
. Additionally, in 10% to 50% of the
cases, MLMs on preoperative imaging are still found
at surgery, using visual and manual inspection and
[39,40,42-46,51,52]
intraoperative ultrasound (IOUS)
, this rate
[51]
reaches 80% when contrast-enhanced IOUS is used .
After accurate preoperative imaging and intraoperative
exploration, some MLMs remain undetectable and
should therefore be considered to be true MLMs. The
main predictors for development of MLMs are small
initial tumor size, low carcinoembryonic antigen (CEA)
level, rapid normalization of CEA after chemotherapy,
duration of chemotherapy, and use of hepatic arterial
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large majority of cases, residual cancer cells were still
present at pathology when original sites of MLMs were
resected and that local recurrences were almost certain
to occur when they were left unresected. This led to
the view that MLMs are an undesirable event resulting
from preoperative overtreatment and precluding the
chances for radical surgical resection. Accordingly,
the consensus recommendation was, and remains, to
systematically resect all original sites of MLM whenever
[40,49,53]
technically feasible
. Currently however, apart
from the surgical difficulty of such blind resections, this
recommendation should probably be reevaluated, as
recent studies suggest that a significant proportion of
MLMs would not reappear in the long term.

Table 1 Incidence of missing liver metastases and rates of
local cure as defined by complete pathological response or
absence of in situ recurrence on follow-up
Ref.

Year

Incidence

Elias et al[39]
Benoist et al[40]
Elias et al[41]
Tanaka et al[42]
Auer et al[43]
van Vledder et al[45]
Ferrero et al[46]
Ono et al[47]

2004
2006
2007
2009
2010
2010
2012
2012

10%
6%
9%
24%
11%
-

1

CPR

2

20%
100%
65%
39%
100%

Sustained local
3
clinical response
26%
62%
59%
62%
53%
39%
82%

1

Incidence calculated as the number of patients with at least 1 missing
liver metastases (MLM) among the total group of patients evaluated in
the study; 2Complete pathologic response as defined by the absence of
residual cancer cells when the initial site of MLM was resected; 3Sustained
clinical response as defined as the absence of local recurrence at the initial
site when MLM was left unresected.

PROPOSAL FOR A NEW THERAPEUTIC
STRATEGY RELYING ON THE
INTENTIONAL INDUCTION OF MLMS

[40-43]

infusion of chemotherapy (HAI)
. The central
question concerning MLMs is whether they correspond
to a false negative result of preoperative and intra
operative staging or represent a true complete
response and, potentially, a cure of the lesion. This
question is critical for its strategic implications in cases
when MLMs were accidentally induced but also for
evaluation of whether intentional induction of MLMs
could become part of a therapeutic plan. One possible
answer to this question comes from pathologic analysis
when the site of an MLM was resected during surgery,
either when included in the planned resection or when
a blind hepatectomy was performed. Among resected
MLMs, the rate of complete pathologic response (CPR),
defined as the absence of residual viable cancer cells,
varies widely in the literature, from 20% to 100%
[39-47]
(Table 1)
. In different series, the predictive factors
for a correlation between CRR and CPR are the use of
HAI, the absence of steatosis, low body mass index,
an MRI-based diagnosis, the normalization of CEA
level during chemotherapy, and the use of a modern
[41-43,47]
chemotherapy regimen
. A second, and more
convincing answer, is provided by the long-term local
follow-up of MLMs when they were left unresected.
When such specific follow-up could be performed,
most of the local recurrences appear rapidly, within
[43]
20 mo after chemotherapy withdrawal . Among
unresected MLMs, the rate of sustained clinical
response (SCR), defined as the absence of local
recurrence on follow-up, varies massively in literature,
[39-47]
from 25% to 80% (Table 1)
. Interestingly, this
rate tends to progressively increase in recent reports,
potentially related to improved sensitivity of imaging
and improved efficacy of perioperative chemotherapies
[39-47]
(Table 1)
. Particularly, adjuvant chemotherapy
and adjuvant HAI could be determinants, as re-growth
of MLMs appears substantially increased in patients
[41,43]
who do not receive postoperative treatments
. In
[40]
an early study, Benoist et al
reported that, in the

WJG|www.wjgnet.com

There are 3 categories of patients at the time of
presentation of CRLM: Patients with resectable
metastases, patients with borderline or potentially
resectable metastases, and patients with metastases
considered to be definitively unresectable. The
therapeutic options are well-defined for the 2 first
categories. Patients with resectable CRLM should
undergo surgery, giving them, most probably, the
best chance for cure (Figure 2). In these cases, the
place for perioperative systemic treatments remains
under discussion and is currently decided according
to associated risk factors. Patients with borderline
CRLM are those potentially amenable to radical
surgical resection, provided significant downsizing
after neoadjuvant chemotherapy. In these cases, firstline intensive chemotherapy is indicated, to maximize
the chances of response, followed by surgery with
curative intent when allowed by tumor-response
(Figure 2). It is in the third group of patients that
new therapeutic options can be developed. In the
current therapeutic algorithm, these patients receive
chemotherapy in a palliative setting, favoring longterm tolerance. If we can concede that disappearance
of CRLM after chemotherapy corresponds to a cure in
selected cases, a new option in these patients could
be to intentionally induce MLMs. In this objective,
the initial decision should be, therefore, to modify
the first-line chemotherapy from a palliative to an
intensive regimen, including possibly HAI, to elicit a
maximal tumor response and to enhance the chances
of obtaining MLMs. Under these conditions, if MLMs are
induced, adjuvant surgery and/or local destruction with
radiofrequency, targeted to remnant visible disease
could represent an acceptable option when safely
feasible (Figure 2). To reasonably develop such an
exploratory approach, patient selection is pivotal. First,
selection should rely on surgical aspects, reserving this
type of approach for patients with tumor distributions
that are potentially amenable to surgical resection if
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Resectable LM

Borderline resectable LM

Unresectable LM

First-line intensive Chemotherapy

Surgery
± perioperative Chemotherapy

Potentially resectable

Truly definitively

if some LM disappear

unresectable

Predominant unilobar LM and
Downsizing
Secondary resectability

Surgery

small contralateral LM and

Insufficient response

low CEA level at presentation

Palliative Chemotherapy

First-line intensive Chemotherapy

Other responses

Palliative
Chemotherapy

Rapid evaluation

Exquisite response

insufficient response

Intensify Chemotherapy

Palliative Chemotherapy

Consider the use of HAI

MLM and remnant LM amenable to resection

Adjuvant surgery: Resection of remnant visible LM

Figure 2 Therapeutic strategy in patients with patients with colorectal liver metastases. The potential role for adjuvant surgery. CEA: Carcinoembryonic
antigen; MLM: Missing liver metastase; HAI: Hepatic arterial infusion of chemotherapy; LM: Liver metastases.

some lesions would disappear after chemotherapy
(Figure 2). Other selection criteria may include the
predictive factors for development of MLMs, such as
low CEA level and small tumor size. In these cases,
rapid evaluation of tumor chemosensitivity, using
[54]
evolution of CEA levels and metabolic imaging ,
would be critical, to reinforce first-line chemotherapy
or to shift to a palliative regimen in cases of poor initial
response. In addition, in such an approach, the use
of adjuvant systemic chemotherapy or HAI should
be considered to enhance the chances of long-term
[41,43]
SCR
.

accidental generation of MLMs during preoperative
treatment remains a globally unfavorable event as it
may complicate a subsequent curative-intent surgery.
However, in these cases, the classical recommendation
[40,49,53]
to resect all initial metastatic sites
might have
become partially obsolete with regard to the substantial
chances for SCR in these cases. Therefore, when such
resections are hazardous, a watch-and-wait strategy
now appears to be a reasonable alternative. In patients
with unresectable CRLM, the recent demonstration
that some MLMs are cured challenges the dogma that
curative potential is exclusively reserved to surgery,
and may lead to new therapeutic options. In these
strategies, the classical roles of chemotherapy and
surgery would be modified, using first-line intensive
chemotherapy to obtain maximal tumor response,
followed, if MLMs were induced, by resection and/or RF
destruction of the chemoresistant part of the disease.
This may lead, in fact, to the identification of a new
subgroup of patients, defined as those with initially
unresectable but potentially resectable metastases
if MLMs are induced by chemotherapy, and to the
new concept of adjuvant surgery, defined as surgery
targeting the remnant visible metastases after CRR to
chemotherapy of other lesions. The future development
of such complex strategies will critically depend upon
the identification of accurate predictive factors for

CONCLUSION
Classically, MLMs were judged to be false negative
results of imaging and recurrence at those sites was
considered to be a near certainty. Now, however,
taking into account the increased sensitivity of
imaging and the improved efficacy of chemotherapy,
this view should be reevaluated. Better identification
of the factors which may lead to disappearance of
liver metastases and better knowledge of their longterm evolution may allow for consideration of the
induction of MLMs as a potential therapeutic option, to
convert unresectable into macroscopically resectable
disease. In patients with initially resectable CRLM, the
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response to chemotherapy at the single-tumor level,
on the determination of the best chemotherapeutic
regimen and on close, multidisciplinary collaborations
in therapeutic decisions at the presentation of the
disease and during follow-up.
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MINIREVIEWS

Technical tips for endoscopic ultrasound-guided
hepaticogastrostomy
Takeshi Ogura, Kazuhide Higuchi
guided choledochoduodenostomy, and the transgastric
approach for intrahepatic bile ducts is called EUSguided hepaticogastrostomy (EUS-HGS). These proce
dures have several effects, such as internal drainage
and avoiding post-endoscopic retrograde cholangio
pancreatography (ERCP) pancreatitis, and they are
indicated for an inaccessible ampulla of Vater due to
duodenal obstruction or surgical anatomy. EUS-HGS
has particularly wide indications and clinical impact
as an alternative biliary drainage method. In this
procedure, it is necessary to dilate the fistula, and
several devices and approaches have been reported.
Stent selection is also important. In previous reports,
the overall technical success rate was 82% (221/270),
the clinical success rate was 97% (218/225), and
the overall adverse event rate for EUS-HGS was 23%
(62/270). Adverse events of EUS-biliary drainage
are still high compared with ERCP or PTCD. EUSHGS should continue to be performed by experienced
endoscopists who can use various strategies when
adverse events occur.
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Core tip: endoscopic ultrasound-guided hepati
cogastrostomy (EUS-HGS) has been developed as
an alternative biliary drainage method. The reported
technical success rate of EUS-HGS ranges from 65% to
100%, and the clinical success rate ranges from 87%
to 100%. Furthermore, the overall technical success
rate was 82%, and the overall clinical success rate
was 97%. Based on the currently available literature,
the overall adverse event rate for EUS-HGS is 23%.
EUS-HGS has high rate of adverse events that are
sometimes fatal. Therefore, EUS-HGS should continue
to be performed by experienced endoscopists who can

Abstract
Interventional procedures using endoscopic ultra
sound (EUS) have recently been developed. For biliary
drainage, EUS-guided trans-luminal drainage has
been reported. In this procedure, the transduodenal
approach for extrahepatic bile ducts is called EUS-
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use various strategies when adverse events occur.
Ogura T, Higuchi K. Technical tips for endoscopic ultrasoundguided hepaticogastrostomy. World J Gastroenterol 2016;
22(15): 3945-3951 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i15/3945.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i15.3945

INTRODUCTION
Biliary drainage under endoscopic retrograde cho
langiopancreatography (ERCP) guidance has been well
[1,2]
established and widely performed . The technical
success rate of this procedure is high according
to previous reports. If ERCP fails, percutaneous
transhepatic biliary drainage (PTBD) is conventionally
attempted. PTBD is also established as an alternative
drainage method. However, this procedure has several
disadvantages, such as catheter dislodgement,
pneumothorax, external drainage, and cosmetic
[3-5]
problems . Recently, interventional procedures using
endoscopic ultrasound (EUS) have been developed. For
biliary drainage, EUS-guided transluminal drainage has
been reported (EUS-guided biliary drainage; EUS-BD).
The transduodenal approach for extrahepatic bile ducts
is called EUS-guided choledochoduodenostomy (EUS[6-8]
CDS) , and the transgastric approach for intrahepatic
bile ducts is called EUS-guided hepaticogastrostomy
(EUS-HGS). For EUS-BD, EUS-HGS can be performed
if the duodenal bulb is obstructed due to malignant
tumor. The technical success rate has been high,
however, the rate of adverse events has also been
reported to be high.
Table 1 shows an overview of recent published
reports of EUS-HGS (over 10 cases, and excluding
[9-19]
insufficient data)
. In this paper, previous reports
are reviewed, and technical tips for EUS-HGS to ensure
successful performance and avoid adverse events are
presented.

INDICATIONS
To date, EUS-BD is seen as a consistent alternative
drainage method. Therefore, as well as other EUSBD procedures, EUS-HGS should also be indicated
for failed ERCP due to surgical anatomy and an
inaccessible ampulla of Vater. Although EUS-CDS
is contraindicated in patients with surgically altered
anatomy, such as a Roux-en-Y anastomosis or duo
denal bulb obstruction caused by tumor invasion,
EUS-HGS can be performed because this procedure
is performed from the stomach. With respect to a
biliary stricture, if the hepatic hilum is obstructed,
EUS-HGS may be contraindicated, because with
stent placement in the left intrahepatic bile duct, the
right hepatic bile duct cannot drain. Recently, EUSBD for right hepatic biliary obstruction has been

WJG|www.wjgnet.com

[20]

reported as an expanding indication
. Park et al
reported that, among 6 patients who had isolated
right hepatic bile duct obstruction, EUS-guided access
successfully resulted in antegrade bypass stenting in
2 patients, antegrade transanastomotic stenting in 1
patient, antegrade transanastomotic balloon dilation
in 1 patient, and a cholangiogram as a roadmap in 1
[21]
patient. We also reported
that, among 11 patients
with right hepatic bile duct obstruction, EUS-BD was
successfully performed from the left hepatic approach
(bridging method) in 7 patients and from the right
hepatic approach (locking stent method) in 4 patients.
Remarkably, no adverse events were reported in
both papers. Therefore, EUS-HGS may be indicated
for hepatic hilar obstruction. However, because this
technique is challenging, the right hepatic approach
using EUS-BD should be performed for limited cases.
[22]
Recently, Khashab et al
reported a comparative
evaluation of EUS-BD and PTCD in patients with distal
malignant biliary obstruction. In this report, although
the technical success rate was higher in the PTCD
group (100% vs 86.4%, P = 0.007), clinical success
and stent patency were the same. In addition, the
adverse event rate (70.6% vs 18.2%, P < 0.001)
and total charges were higher in the PTCD group
($9.072 ± 3.817 vs $18.261 ± 16.021, P = 0.003).
Therefore, they concluded that EUS-BD should
be selected if the procedure can be performed by
experienced endoscopists. However, this study has
several limitations, such as a small number of patients
in a single center with a single operator. To determine
whether EUS-HGS or PTCD should be performed
as an alternative drainage method, a multicenter,
prospective, randomized, controlled trial is needed.
Hence, the following are the indications for EUSHGS: (1) Failed ERCP; (2) Inaccessibility of the ampulla
of Vater, including due to surgical anatomy and tumor
invasion; and (3) Contraindications for PTCD such as
ascites and possibility of self-tube removal.
On the other hand, compared with PTCD, metallic
stent placement is performed in EUS-HGS; therefore,
if a small amount of ascites is present between
the stomach and liver, EUS-HGS may be indicated.
However, if massive ascites is present, preventing
the formation of a fistula between the stomach and
the liver, EUS-HGS is not indicated. For patients with
unresectable gastric cancer, because the stomach
volume is decreased due to tumor growth, the EUSHGS stent might be pulled into the stomach (Figure
1).
Hence, the following are the contraindications for
EUS-HGS: (1) Massive ascites between the stomach
and the liver; and (2) Unresectable gastric cancer.

DEVICE SELECTION AND TECHNICAL
TIPS
Puncture of the intrahepatic bile duct

To visualize the left intrahepatic bile duct, EUS should
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A

A

B

B

Figure 1 Dislocation of endoscopic ultrasound-guided hepatico
gastrostomy metallic stent. (A) EUS-HGS was performed for gastric
cancer patient. (B) Because of tumor growth, dislocation of EUS-HGS
metallic stent was seen (arrow). EUS-HGS: Endoscopic ultrasound-guided
hepaticogastrostomy.

Figure 2 Technical tips of puncture on endoscopic ultrasound-guided
hepaticogastrostomy. (A) To advance the guidewire toward the hepatic hilum,
the bile duct that runs from the upper left to the lower right on EUS imaging
should be punctured (arrow) (B) fluoroscopic imaging (arrow). EUS-HGS:
Endoscopic ultrasound-guided hepaticogastrostomy.

be advanced into the stomach. Then, using slight
counter clockwise rotation, the left hepatic lobe can be
visualized. A 19G-FNA needle is better than a 22G-FNA
needle. A stiffer guidewire can be inserted through the
FNA needle, because a dilation fistula is more needed
to insert the stent delivery system than with EUS-CDS.
If segment 2 (B2) is punctured, because each device
is passed through the mediastinum when puncturing
from the esophagus, severe adverse events, such
as mediastinitis or pneumomediastinum, may occur.
Therefore, on EUS-HGS, segment 3 (B3) should be
initially selected as the puncture site. To puncture the
intrahepatic bile duct, there are two important points.
One is the angle of the bile duct, and the other is the
volume of liver parenchyma.
To advance the guidewire toward the hepatic hilum,
the bile duct that runs from the upper left to the lower
right on EUS imaging should be punctured (Figure
2). Furthermore, to avoid stent migration, sufficient
volume of liver parenchyma is needed, as for the PTCD
procedure. Therefore, for these reasons, B3 is better
for puncturing the biliary tract.

performed. To successfully advance the guidewire
toward the hepatic hilum, as described in the puncture
of the intrahepatic bile duct section, the biliary tract
running from the upper left to the lower right on EUS
imaging should be punctured. If the guidewire is
advanced into the peripheral biliary tract, the guidewire
should be pulled, and then one should try to advance
the guidewire into the hepatic hilum. However, during
this procedure, the guidewire is sometimes kinked with
the FNA needle. To avoid this adverse event, the liver
[23]
impaction method is useful .
Various types of guidewires are available. A 0.025-inch
guidewire with a highly flexible tip, sufficient stiffness,
and easy seeking ability (VisiGlide, Olympus Medical
Systems, Tokyo, Japan) is preferable for the EUSguided procedure. After the guidewire is inserted along
with other devices, it is important to keep visualizing
the other devices on EUS imaging during various EUSguided procedures to fit the axis.

Devices used to dilate the fistula

To insert the stent delivery system, the bile duct
and stomach wall must be dilated. To date, various
techniques of dilating a fistula have been reported
(Table 1). According to previous reports, a graded
dilation technique using a dilator or a 4-mm balloon
catheter is used by many authors. The dilator (6 to 10
Fr; Soehendra biliary dilation catheters, Cook Medical),
balloon catheter (4-8 mm; MaxForce or Hurricane

Guidewire insertion into the hepatic hilum or common
bile duct

Guidewire insertion is one of most important procedures
during EUS-HGS. If the guidewire is advanced into the
peripheral biliary tract, the next step, such as dilation
device or stent delivery system insertion, cannot be
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during graded dilation. Recently, novel techniques and
dilation devices for EUS-BD have been reported. Paik
[15]
et al
reported a simplified fistula dilation technique.
After the biliary tract was punctured using a 19G FNA
needle, direct insertion using a 4-mm balloon catheter
(Hurricane RX; Boston Scientific) was performed. In
28 patients, technical success of creating a dilation
fistula using this technique was 96% (27/28). In
addition, no early adverse events were seen. We also
reported a simplified fistula dilation technique using
[26,27]
a novel balloon catheter
. As an even more novel
technique, a one-step stent placement technique
[19]
has been reported . In this study, 32 patients with
malignant biliary obstruction were enrolled, and EUSBD using a novel metallic stent was attempted. The
introducer for this novel stent has only a 3-Fr-tip-4-Fr
tapered. Technical success of one-step stent placement
without any additional dilation was 88% (14/16). In
addition, the procedure time was short in the one-step
stent placement group. With a longer procedure time,
the possibility of bile leakage may be increased (Figure
3). Indeed, in their study, compared with the graded
dilation group, although significant differences were
not seen, early adverse events were uncommon in the
one-step dilation group (31.3% vs 6.3%, P = 0.172).
Although randomized, clinical trials and additional
cases are needed for which dilation technique or
devices are more suitable, simplified dilation technique
or one-step stent placement technique using novel
metallic stents may decrease the frequency of adverse
events such as bile leakage.

A

B

Figure 3 Biloma after endoscopic ultrasound-guided hepaticogastrostomy.
Long procedure time was needed, therefore, bile leak was increased.

RX; Boston Scientific), and needle knife (Microtome,
Boston Scientific) are most used by many authors.
[9]
Park et al reported that, among total 57 consecutive
patients, post procedure adverse events occurred in
11 patients (bile peritonitis n = 2, mild bleeding n = 2,
self-limited pneumoperitoneum n = 7). On multivariate
analysis, using a needle knife was the only risk factor
for post procedure adverse events of EUS-BD (P = 0.01,
HR = 12.4, 95%CI: 1.83-83.5). They concluded that
a needle knife should not be used as a dilation device
if possible. To avoid this risk, a diathermic dilator
(Cysto Gastro Set; Endoflex, GmbH, Voerde, Germany)
has recently become available. This device is always
coaxial with the guidewire. Although this device has
clinical impact as a dilation device, a burning effect
can occur. When the bile duct is punctured avoiding
small vessels of the stomach or bile duct wall, bleeding
may occur due to the burning effect of the diathermic
dilator.
On the other hand, a graded dilation technique
using a balloon or dilator catheter may be safe. Park
[24]
do et al
reported that graded dilation using a 4-Fr
cannula and 6-Fr and 7-Fr bougie dilators is safe. In
their study, technical success of EUS-CDS was relatively
high, with a low rate of adverse events. In our previous
[25]
report , we successfully performed EUS-HGS using
an ERCP catheter and a 4-mm balloon catheter
without using a needle knife or cystotome. This
technique may be associated with a lesserfrequency of
bleeding caused by the burning effect of a needle knife
or diathermic dilator, but bile leakage may easily occur
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Stent selection

According to previous reports, a fully covered selfexpandable metallic stent (FCSEMS) was mainly used
(Table 1). An FCSEMS may be more suitable for EUSHGS than a plastic stent for the following reasons:
(1) If a large fistula is created to insert the stent
delivery system, bile leakage is less likely from the gap
[28-30]
between the stent and fistula
; (2) Longer stent
patency may be obtained; (3) A tamponade effect of
the FCSEMS itself will occur if there is bleeding from
[17]
the stomach wall .
Also, there are several disadvantages of FCSEMS,
as follows: (1) Expensive; (2) Stent shortening must
be considered, especially the luminal portion to prevent
[17]
stent migration ; and (3) Side branches of the left
hepatic biliary tract may be obstructed.
Recently, a novel metallic stent and several efforts
to prevent stent migration have been reported.
With the use of the standard metallic stent, some
authors reported that a double pigtail plastic stent
can be placed inside the metal stent, with the pigtail
[31]
functioning as an anchor . To prevent proximal stent
migration, sufficient stent length is needed. We also
previously reported that EUS-HGS could be safety
performed using a long and partially covered metallic
[25,32]
[14]
stent
. More recently, Song et al
published a
preliminary report on a hybrid metal stent for EUS-
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Table 1 Overview of recent published reports on endoscopic ultrasound-guided hepaticogastrostomy (over 10 cases, excluding
insufficient data) n (%)
Technical success

Clinical success

Dilation devise

Stents

Adverse events (n )

Park et al[9], 2011

31 (100)

27 (87)

PS, Fully CSEMS

pneumoperitoneum (6)

Vila et al[10], 2012

22 (65)

22 (100)

4Fr cannula, 6Fr, 7Fr biliary
dilator, needle-knife
NA

NA

Attasaranya et al[11],
2012
Prachayakul et al[12],
2013
Kawakubo et al[13],
2013

11 (85)

11 (100)

Pig PS Fully CSEMS

NA

NA

ERCP cannula, 6Fr, 7Fr biliary
dilator, needle-knife
tapered tip Teflon catheter

bleeding (3), biloma (4), perforation
(4), liver hematoma (2), abscess (1)
Minor adverse events (5)
Major adverse events (1)
NA

19 (95)

NA

Biliary dilation catheter,
dilating balloon, cautery
dilator

Straight PS, CSEMS

Song et al[14], 2014

10 (100)

10 (100)

Hybrid metal stent

Paik et al[15], 2014

27 (96)

24 (89)

6Fr, 7Fr biliary dilator,
needle-knife, 4-mm dilating
balloon
4-mm balloon

Artifon et al[16], 2015

24 (96)

22 (91)

Umeda et al[17], 2015

23 (100)

23 (100)

Poincloux et al[18], 2015

65 (99)

61/65 (94)

Park et al[19], 2015

20 (100)

18/20 (90)

Ref.

Fully CSEMS

Bile leakage (2)
Stent migration (2)
Bleeding (1)
Cholangitis (1)
Biloma (1)
pneumoperitoneum (2)
minor bleeding (1)

Dual-flap Fully CSEMS

Migration (1)
Pseudoaneurysm (1)
dilating catheter, needlePartially CSEMS
Minor bleeding (3)
knife
Biloma (1)
Bacteremia (1)
Standard or tapered catheter, 8Fr single-plastic stent bleeding (1), self-limited abdominal
cautery dilator, 8Fr dilation
pain (3)
catheter, 4-mm balloon
5.5Fr needle-knife, 6Fr, 7Fr
10Fr PS
Pneumoperitoneum (2)
dilation catheter
Fully CSEMS
Intrahepatic hematoma (1)
Two fitting CSEMS
Bile leakage (5)
Half covered SEMS
Sever sepsis (2)
Without dilation, 4-mm
CSEMS with dedicated
Mild adverse events (2)
balloon catheter, dilation
stent introducer, fully
Moderate adverse events (3)
catheter
CSEMS

PS: Plastic stent; CSEMS: Covered self-expandable metallic stent; NA: Not available.

BD. The distal portion of this novel stent, which is 3.5
mm long, is composed of silicone-covered nitinol wire
to prevent bile leakage. In addition, proximal and
distal of the covered site there are anti-migration flaps
to prevent stent migration. This novel stent has the
uncovered site on the proximal site, which is 1.5 to
5.5 mm long, to prevent obstruction of side branches.
In their study using this novel stent, EUS-HGS was
successfully performed for all patients (n = 10), and,
in addition, stent migration or bile leakage was not
seen.
On the other hand, EUS-HGS using a newly designed
[17]
plastic stent has been reported by Umeda et al . In
their study, an 8-Fr single-pigtail plastic stent, which is
a pus-type stent that is usually not possible to retract,
with a total of 20 cm and an effective length of 15
cm with 4 flanges, was used. The proximal end has
a pigtail stricture, and the distal end is tapered. EUSHGS using this novel plastic stent was successfully
performed in 23 patients (technical success rate
100%). Although bleeding or abdominal pain was seen
in 4 patients (17.4%), no severe adverse events such
as stent migration or dislocation were seen during
follow-up (median 5.0 mo). Stent patency was 4.0
mo (range 0.5-12.5 mo). This result was clinically
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encouraging, but, as the author described, additional
long-term studies with a large number cases are
needed to evaluate the clinical impact of using this
stent for EUS-HGS.

SUCCESS RATE
The reported technical success rate of EUS-HGS ranges
from 65% to 100%, and the clinical success rate
ranges from 87% to 100% (Table 1). Furthermore, the
overall technical success rate was 82% (221/270), and
the overall clinical success rate was 97% (218/225).
Compared with EUS-CDS, the technical success rate
was relatively lower. This may be due to the difficulty
puncturing the biliary tract and inserting the guidewire.
To increase the technical success rate, devices should
be improved. EUS-HGS should be still performed by
experienced endoscopists at high-volume centers,
because the adverse events of EUS-HGS are sometimes
fatal.

ADVERSE EVENTS
Adverse events of EUS-BD are still high compared
with ERCP or PTCD. Based on the currently available
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literature (Table 1), the overall adverse event rate
for EUS-HGS is 23% (62/270), and these adverse
events, include: (1) Bleeding; (2) Pneumoperitoneum;
(3) Biloma, bile leakage; (4) Infection (cholangitis,
abscess, bacteremia); (5) Hematoma; (6) Perforation;
(7) Abdominal pain; (8) Pseudoaneurysm; and (9)
Stent migration
Among them, stent migration is recognized as a
severe adverse event that is sometimes fatal. Okuno
[33]
et al
reported stent migration that was treated by
surgery. They used an 8-cm-long FCSEMS, and stent
[34]
migration occurred immediately. Martins et al also
reported that EUS-HGS was successfully performed
using an 8-mm-long, partially covered SEMS, but after
5 days, stent migration with the proximal end located
within a large biloma occurred. Although conservative
treatment was performed, this patient died. We also
reported stent migration within the stomach wall
[25]
after 3 d . In addition, we also reported that stent
length in the luminal portion is an important factor to
[32]
reduce the adverse events of EUS-HGS . Therefore,
considering stent shortening, over 10 cm or a novel
SEMS such as previously reported should be used to
[32,33]
prevent stent migration
.

7

8

9

10

11

CONCLUSION
EUS-HGS has wide indications and clinical impact as
an alternative biliary drainage method. However, EUSHGS also has a high rate of adverse events that are
sometimes fatal. Therefore, EUS-HGS should continue
to be performed by experienced endoscopists who can
use various strategies when adverse events occur.
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Abstract
AIM: To investigate the inhibitory action of diet-derived
phenolic compound gallic acid (GA) against HCT-15
colon cancer cells.
METHODS: The antiproliferative effect of GA against
colon cancer cells was determined by performing
thiazolyl blue tetrazolium bromide (MTT) assay. The
colony forming ability of GA treated colon cancer
cells was evaluated using the colony forming assay.
The cell cycle changes induced by GA in HCT-15 cells
were analyzed by propidium iodide staining. Levels
of reactive oxygen species (ROS) and mitochondrial
membrane potential of HCT-15 exposed to GA was
assessed using 2’,7’-dichlorfluorescein-diacetate and
rhodamine-123 respectively, with the help of flow
cytometry. Morphological changes caused by GA
treatment in the colon cancer cells were identified by
scanning electron microscope and photomicrograph
examination. Apoptosis was confirmed using flow
cytometric analysis of GA treated HCT-15 cells after
staining with Yo-Pro-1.
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RESULTS: MTT assay results illustrated that GA has an
inhibitory effect on HCT-15 cells with IC50 value of 740
µmol/L. A time-dependent inhibition of colony formation
was evident with GA treatment. Cell cycle arrest was
evident from the accumulation of GA treated HCT-15
cells at sub-G1 phase (0.98 ± 1.03 vs 58.01 ± 2.05)
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with increasing exposure time. Flow cytometric analysis
of GA treated HCT-15 cells depicted early events
associated with apoptosis like lipid layer breakage and
fall in mitochondrial membrane potential apart from an
increase in the generation of ROS which were in a time
dependent manner. SEM and photomicrograph images
of the GA-treated cells displayed membrane blebbing
and cell shrinking characteristics of apoptosis. Further
apoptosis confirmation by Yo-Pro-1 staining also
showed the time-dependent increase of apoptotic cells
after treatment.

O

HO

OH
OH

3,4,5-trihydroxybenzoic acid
C6H2(OH)3COOH

Figure 1 Chemical structure of gallic acid.

CONCLUSION: These results show that GA induced
ROS dependent apoptosis and inhibited the growth of
colon cancer cells.

estimates 93090 new cases and 49700 deaths due to
[4]
colorectal cancer in the United States for 2015 . Colon
cancer arises out of the conversion of the normal
functioning colonic epithelium to adenomatous polyps.
Its etiology is known to be a combination of hereditary,
environmental, dietary factors and lack of physical
[5]
activity . Several anticancer agents were found
to exert their effect by inducing apoptosis. Various
lines of evidence suggest that apoptosis provides a
protective mechanism against neoplasia by removing
genetically damaged stem cells from the epithelium
before they can undergo clonal expansion. Some of
these anticancer agents were also found to occur in
our diets. These diets include majorly flavonoids and
[6]
phenolic compounds . In this scenario, research
communities explore more diet-derived compounds
to treat colon cancer as the lining-epithelial cells are
[7]
chronically exposed to these dietary agents .
Gallic acid is one such diet-derived phenolic sub
stance being surveyed. GA is a 3,4,5-trihydroxyben
zoic acid (C6H2(OH)3COOH), a type of phenolic organic
compound found in many plants and food substances.
The chemical structure is shown in the Figure 1. GA
is found in free as well as part of hydrolyzable tannins
and easily freed from gallotannins by oxidation. GA is
a phytochemical in oak, Drosera, golden root, stinging
nettle, Chinese mahogany and dietary substances like
bearberry, blackberry, hot chocolate, common walnut,
Indian gooseberry, raspberry, clove, vinegar, wine,
[8]
witch hazel and green tea .
Previous studies have demonstrated a range
of biological activities of GA, including anticancer,
[9]
antioxidant and anti-inflammatory properties . The
various in vitro assays examining the anticancer
property showed that the GA is active against several
[10]
types of cancer cell lines . Particularly, the studies
showed that GA induced cell death in colon cancer
[11]
lines COLO 205, HCT-15, HCT 116 . However, the
mechanism induced by GA against colon cancer is not
yet elucidated. Thus, this research proposes a study of
the antiproliferative activity of GA as well as, intends to
find the events associated with apoptotic effect of GA
in HCT-15 colon cancer cells.

Key words: Gallic acid; Colon cancer; Apoptosis; Cell
cycle; Reactive oxygen species; Lipid layer break
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This article describes the inhibitory effect
of gallic acid (GA), against colon cancer cells. GA
treatment suppressed the proliferation and colony
formation of HCT-15 cells and the anti-cancerous
effect of GA was found to follow reactive oxygen
species dependent apoptosis. Early events associated
with apoptosis like lipid layer breakage and fall in
mitochondrial membrane potential were induced by GA
treatment in HCT-15 cells along with cell cycle arrest.
Further, morphological changes like membrane blebbing
and cell shrinkage were seen in the colon cancer cells
after GA. Therefore, our results propel the role of GA as
a possible anticancer agent.
Subramanian AP, Jaganathan SK, Mandal M, Supriyanto
E, Muhamad II. Gallic acid induced apoptotic events in
HCT-15 colon cancer cells. World J Gastroenterol 2016;
22(15): 3952-3961 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i15/3952.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i15.3952

INTRODUCTION
Gastrointestinal (GI) diseases account for substantial
morbidity, mortality and cost in both developed and
developing countries. Gastrointestinal diseases refer
[1]
to diseases involving the gastrointestinal tract . The
GI tract is essentially a long tube extending from
the mouth to the anus with a number of specialized
regions. Gastrointestinal cancers usually develop in
[2]
the large intestine or the small intestine . Colorectal
cancer is a malignant tumor arising from the inner
wall of large intestine, which is the third most common
[3]
type of cancer . The American Cancer Society’s
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3000 cells/well. Following 15-d incubation at 37 ℃,
colonies were stained with 0.5% crystal violet in
[13]
methanol and the number of colonies was counted .
Control used in this experiment was untreated cells
kept for 72 h. For all the experiments performed
below, control cells remained untreated and kept for
the same duration as the longest time point of the
respective experiment.

MATERIALS AND METHODS
Chemicals

The Roswell Park Memorial Institute medium
(RPMI-1640) cell culture medium, fetal bovine serum
(FBS), additional sources like sodium pyruvate,
nonessential amino acids, L-glutamine, vitamin
solution, penicillin and streptomycin were purchased
from Life Technologies, Inc., Grand Island, United
States. Reagents like as 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium-bromide (MTT), propidium
iodide, mercury orange, RNase and GA were obtained
from Sigma-Aldrich (United States). Supplementary
stains such as merocyanine - 540 and YO-PRO-1 were
acquired from Invitrogen Inc, United States.

Cell cycle analysis

Cell cycle analysis is an exceptional type of test that
involves the flow cytometry and the fluorescent
propidium dye and distinguishes the different phases
of the cell cycle. The sub-G1 fraction of the cell cycle
was used as a measure of the apoptotic cells. After
the appropriate treatment with GA, HCT-15 cells were
washed with phosphate-buffered saline (PBS), then
re-suspended in 50 µg/mL of propidium iodide stain
containing 0.1% sodium citrate with 0.1% Triton
X-100 for 20 min at 4 ℃. Analysis was performed in
linear amplification mode in case of cell cycle analysis
using FACScan; Becton Dickinson Immunocytometry
Systems. Remaining experiments of flow cytometry
were performed in the logarithmic amplification mode
[14]
unless otherwise stated .

Cell culture

Human colorectal adenocarcinoma cell line HCT-15
(Organ: Colon, Disease: Colorectal adenocarcinoma;
Organism: Human; procured from National Centre
for Cell Science, Pune, India) was grown in RPMI
medium, while 10% FBS, sodium pyruvate, penicillin,
L-glutamine, nonessential amino acids and vitamin
solution was given as supplements. Adherent
monolayer cultures of HCT-15 were preserved in T-25
flasks and incubated at 37 ℃ in 5% carbon dioxide
(CO2). The cultures were free of mycoplasma and
maintained no longer than 12 wk after recovery from
frozen stocks.

Determination of mitochondrial membrane potential

MMP (ΔΨm) levels of GA treated HCT-15 cells were
measured by the rhodamine-123 fluorescent dye.
The HCT-15 colon cancer cells were treated with GA
(740 µmol/L) for different time points. Then cells were
harvested and re-suspended in 1 mL of rhodamine-123
(5 µg/mL) for 1 h and maintained at 37 ℃. The
intensity of fluorescence from rhodamine-123 was
[12]
measured by flow cytometry . Obtained fluorescence
values were normalized with respect to control as
100%.

Cell viability assay

Cell numbers or cell proliferation inhibition by GA was
determined by thiazolyl blue tetrazolium bromide (MTT)
assay. In brief, colon cancer cells were trypsinized,
counted and 1000 cells were seeded per well in 96-well
plate. The subsequent day, 100 µL of the medium
containing the preferred concentration of GA was
added to the appropriate wells. The cells were then
maintained at 37 ℃ in 5% CO2 for the desired length
of time. The untreated cells kept for 72 h was used as
control for this experiment. At this moment, 100 µL of
(5 mg/mL) MTT reagent was added to each well, and
the plate was sustained at 37 ℃ in the incubator for 2
h. After aspirating the supernatant, 200 µL of dimethyl
sulfoxide was added to each well to solubilize the
formazan crystals formed in viable cells. The optical
density was spectrophotometrically measured at 570
nm using enzyme-linked immunosorbent assay plate
[12]
reader .

Detection of membrane lipid organization

The lipid bilayer breaks when the drugs induce an
antiproliferative effect on the cancerous cells. To
estimate the lipid layer breakage the fluorescent dye
merocyanine-540 is used. The cultured HCT-15 cells
were treated with GA at concentration of 740 µmol/L
for different time points. Cells were harvested and resuspended in 1 mL of merocyanine-540 (10 µg/mL)
for 15 min at 37 ℃. The intensity of fluorescence was
[13]
measured by flow cytometry .

Estimation of ROS generation

Colony forming assay

GA treated HCT-15 cells (740 µmol/L) were harvested
using trypsin/EDTA and re-suspended in PBS.
Working solution (20 µmol/L) of Dichlorofluoresceindiacetate (DCFH-DA) was directly added to the cells
and then it was incubated at 37 ℃ for 15 min. DCFHDA was cleaved by the intracellular nonspecific
esterase to form DCFH. DCFH are oxidized by ROS
to form the fluorescent compound DCF. Cells were

In order to assess the colony forming ability of GA
treated colon cancer cells, the colony formation assay
was executed. The cultured HCT-15 cells were treated
with GA at a concentration of 740 µmol/L for definite
time periods of 12 h, 24 h, 48 h and collected by
trypsinization. The cells were counted and seeded
again in triplicate on a 6-well tissue culture plate with
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MTT Assay
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Figure 2 Cell proliferation inhibition by gallic acid of colon cancer cells. Human colorectal carcinoma HCT-15 cells grown in 96-well plate were treated with
various concentration of gallic acid (GA) (0-1500 μmol/L) for 72 h. Percentage of mean cell viability along-with the SD is indicated (n = 3). Mean differences are
significant compared with untreated control cells (P < 0.05 vs untreated control cells). Statistical analysis showed that GA treatment results in significant inhibition (aP
< 0.05) compared with untreated control cells starting at 200 μmol/L for HCT-15 cells. Data represents mean ± SD.

washed before re-suspending in PBS and kept on ice
[12]
immediately before analyzing by flow cytometry .
The fluorescence intensity of DCF was measured and
correlated with the ROS generated in the GA treated
colon cancer cells.

triplicates). The data were analyzed using Instat software
(GraphPad Prism, San Diego, CA). The statistical signi
ficance was found using one-way analysis of variance.

Yo-Pro-1 staining

Antiproliferative activity of gallic acid

RESULTS
The antiproliferative effect of GA on the cancer cells
was assessed by MTT assay. The cell viability assay
was performed on the GA treated cells after 72 h of
treatment. GA inhibited the growth of HCT-15 colon
cancer cells in a dose-dependent manner. The HCT-15
cell growth were inhibited significantly with an IC50 of
around 740 µmol/L (Figure 2). However, the growth
of GA treated HCT-15 cells were fairly affected even at
higher concentrations. Statistical analysis showed that
GA treatment results in significant inhibition (P < 0.05)
compared with untreated control cells at 200 µmol/L
for HCT-15 cells (Figure 2).

Yo-Pro-1 staining helps in the analysis of apoptotic
cells without interfering cell viability. The stain targets
the nucleic acids of the cells and emits a green
fluorescence that is detected. The HCT-15 cells after
treatment with GA (740 µmol/L), were seeded in
the cell pellets and mixed with 1 µmol/L Yo-Pro-1
for 20 min at room temperature. After incubation,
the fluorescent intensity was measured using flow
[14]
cytometry .

Morphological assessment after GA treatment

Fixed amount of HCT-15 cells were seeded in a
sterilized glass slide and incubated for 24 h. GA at a
concentration of 740 µmol/L was added for 72 h time
interval. After incubation, cells were harvested by
using trypsin/EDTA and centrifuged for 5 min at room
temperature. Then the supernatant was decanted
and pellet was dried. Pellet was treated with 2.5%
glutaraldehyde in distilled water for 45 min in hybrid
oven shaker at 37 ℃. Cells were washed thrice with
PBS for 5 min and then dehydrated by ethyl alcohol
of different concentration (30%, 50%, 70%, 95%
and 100%) for 5-10 min. Cell fixation was done with
hexamethyl disilazane and the sample was taken for
scanning electron microscope analysis. As well as the
photomicrograph images of HCT-15 cells were also
acquired using light microscope.

Colony forming assay

The HCT-15 cells found to form 192 colonies after 12 h
treatment with GA (740 µmol/L). The colony numbers
reduced with increase in the period of exposure to GA.
The GA treated HCT-15 cells showed a maximum of
155 and 110 colonies after 24 h and 48 h of treatment
respectively. In contrast, the untreated HCT-15 cells
were found to produce a maximum of 210 colonies
after 48 h. This is graphically represented in Figure
3. The figure depicts the time-dependent inhibition
of colony formation by GA on the colon cancer cells.
There was a significant reduction (P < 0.05) in the
number of colonies formed under the various time
intervals examined when compared with corresponding
untreated cells (Figure 3).

Statistical analyses

Cell cycle analysis

The results are expressed as the mean ± SD and
repeated at least three independently (biological
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Colony formation Assay
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Figure 3 Colony inhibitory activity of gallic acid against colon cancer
cells. After various incubation periods of gallic acid (GA) treatment, colonies
formed were stained with 0.5% crystal violet and counted, and percentage of
survival was calculated by normalizing the values. Data reported is the mean
± SD from three different observations. Mean differences are significant at 12
h, 24 h and 48 h compared with untreated control cells (P < 0.05 vs untreated
control cells).
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Figure 5 Lipid layer break provoked by gallic acid. HCT-15 cells were
treated with gallic acid (GA) and evaluated using merocyanine-540 to quantify
the lipid layer breaks (LLBs). The fluorescence intensity was estimated using
flow cytometry. Data is representative of three independent experiments, mean
differences are significant at 12 h and 24 h compared with untreated control
cells (P < 0.05 vs untreated control cells).

Mitochondrial membrane potential

Table 1 Percentage distribution of HCT-15 cells after gallic
acid treatment among various cell cycle stages

HCT-15
Fluorescence intensity

1

10

50

1

Time (h)

Sub G1

G0/G1

S

G2/M

Control
24
48
72

0.98 ± 1.03
6.80 ± 2.73
27.67 ± 1.56
58.01 ± 2.05

42.82 ± 3.70
32.50 ± 2.04
25.51 ± 1.68
12.89 ± 2.56

8.03 ± 2.37
3.89 ± 1.78
2.50 ± 3.54
3.52 ± 1.09

40.07 ± 2.81
42.25 ± 4.52
29.12 ± 1.75
15.26 ± 3.08

1

Mean differences are significant at P < 0.05. Data represents mean ± SD.

0

Control (48 h)

12 h

24 h

intensity. In contrast, the normalized percentage of
mean fluorescent intensity decreased to 81 ± 0.577
and 61 ± 1.528 compared to the untreated cells (100%
after 24 h) after 12 h and 24 h of GA treatment
respectively. There was also a statistically significant
reduction (P < 0.05) of potential at the estimated
intervals compared to untreated cells (Figure 4).

Duration of treatment

Figure 4 Effects of gallic acid on MMP (ΔΨm) in HCT-15 cells. Human
colorectal carcinoma (HCT-15) cells were treated with GA for specified timeperiods and then mitochondrial membrane potential were determined using
rhodamine-123 by flow cytometry. Mean differences are significant at 12 h and
24 h compared with untreated control cells (P < 0.05 vs untreated control cells).

of HCT-15 cells was estimated for time intervals of
24 h, 48 h and 72 h. The mean percentage of cells at
various phases like sub-G1, G0/G1, S and G2/M phases
are tabulated in Table 1. The Table showed an increase
in the sub-G1 phase arrest from 0.98% (control) to
58.01% after 72 h. Statistical analysis of the sub-G1
column indicated a significant increase (P < 0.05)
of cells in the sub-G1 phase. Besides this, the time
dependency on the cell cycle arrest induced by GA
treatment on HCT-15 cells was also inferred.

Membrane Lipid organization after GA treatment

The HCT-15 cells were treated with GA (740 µmol/L) at
intervals of 12 h and 24 h. The fluorescent intensities
detected from the merocyanine-540 stained cells
were measured using flow cytometry. The untreated
HCT-15 cells displayed a maximum mean fluorescence
intensity at 40 after 24 h. The GA treated HCT-15
cells showed maximum intensity at 62 and 68 after
12 h and 24 h respectively. The maximum mean
fluorescence intensities of the GA treated cells are
given in Figure 5. It is evident from the above results
that the GA treated HCT-15 cells displayed an increase
in the lipid layer breaks with an increase in exposure
time.

Mitochondrial membrane potential after GA treatment

The HCT-15 cells were treated with GA of concentration
at 740 µmol/L at various time intervals (12 h and 24 h)
and then stained with rhodamine-123 dye. The Figure
4 shows the mean fluorescent intensity of the control
and GA treated HCT-15 cells. The untreated HCT-15
cells are considered to have maximum fluorescent
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Yo-Pro-1 staining
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The HCT-15 cells were treated with GA (740 µmol/L)
at various intervals of time such as 48 h and 72 h. The
green fluorescence emitted by the Yo-Pro-1 stain from
the GA treated HCT-15 cells is measured using flow
cytometry. The result of fluorescence detected from
the colon cancer cell line is given in the Figure 8. The
maximum mean fluorescence intensity of GA treated
HCT-15 cells at M2 phase was found to be 25.32 and
54.61 after 48 h and 72 h. In contrast, the maximum
mean fluorescence intensity of control cells at M2
phase was found to be 7.75 after 72 h.
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DISCUSSION
Diet is thought to have a major role in the etiology
of colorectal cancer. Similar studies also proved that
a phytochemical-rich diet, which is absorbed by the
body from fruit and vegetable sources, could decrease
[15]
the risk of developing colon cancer . Previous work
revealed various biological properties of phenolic
content in the diet that we consume regularly. These
phenolic compounds are commonly known for their
anticancer property. The phenolic compound GA
exhibited an antiproliferative effect on the HCT-15 colon
cancer cell lines in a dose dependent manner which
was similar to the effect of GA on the human hepatoma
[16]
SMMC-7721 cell proliferation in in vitro condition .
Hence it can be inferred that GA treatment led to lysis
of HCT-15 cells with increasing concentrations either
by apoptosis or necrosis. Cell growth was inhibited
significantly with an IC50 of around 740 µmol/L and
this was parallel to the results obtained in the recently
conducted study of the antiproliferative effect of GA on
[17]
HCT-15 by Yumnam et al . In a particular study, the
oral consumption of six cups of black tea resulted in
[18]
344 mg GA . However, about 25 mg of GA is enough
to yield about 750 µmol/L in the colonic volume of 200
mL. This shows that the IC50 obtained in our study lies
within the range of biological availability. Moreover,
the effect of GA on intestinal epithelial cells (IEC) was
investigated. It was seen that about 85% of cells
were viable when treated with 3.5 mmol/L showing
that the GA treatment was non-toxic to normal cells
(results not shown). These results depict that the
phenolic compound GA has insignificant inhibitory
activity against colon cancer cells at even a very high
concentration.
Colony formation is one of the characteristic
features of cancer cells, which was inhibited by GA
treatment in a time dependent manner which is alike
to the results obtained by the clonogenic assay on the
[19]
GA treated A549 human lung adenocarcinoma cells .
The cancer cells grow rapidly and multiply uncon
trollably therefore, one of the fundamental features
expected to be present in the anticancer drug, is
the ability of the drug to affect the cell proliferation.

Figure 6 Gallic acid induced reactive oxygen species generation.
HCT-15 cells were cultured in the presence or absence of gallic acid (GA) for
the specified time points. DCFH-DA fluorescence intensity was detected by
using flow cytometry. Data represented is the maximum of three independent
experiments. Mean differences are significant at 24 h, 48 h and 72 h compared
with untreated control cells (P < 0.05 vs untreated control cells).

time intervals such as 24 h, 48 h and 72 h. The ROS
generated by the cells oxidized the DCFH-DA to
dichlorofluoresin and the fluorescence emitted was
measured. The fluorescent intensity obtained by flow
cytometry is shown in the Figure 6. The maximum
mean fluorescent intensity was found to be 112, 140,
and 182 during 24 h, 48 h and 72 h respectively.
Whilst, the maximum intensity of control HCT-15 cells
was about 98 after 72 h. Moreover, the differences
in the ROS levels at various hours examined were
significant (Figure 6). The ROS generation from the
HCT-15 cells was increased by GA treatment with
respect to the increase in time of exposure.

Morphological assessment of GA treated cells

Photomicrograph images of untreated and GA treated
colon cancer cells (72 h) were acquired. The obtained
images are shown in Figure 7A. In comparison to
the untreated cells, the characteristic changes such
as membrane blebbing and cell shrinkage are visible
in the GA treated cells. These changes embrace the
induction of apoptosis after GA treatment. Along with
the digital microscopic image obtained, the HCT-15
cells were also examined with a scanning electron
microscope to provide topographical or morphological
images with high resolution. The images of untreated
HCT-15 cells and GA treated HCT-15 cells (72 h) are
given in the Figure 7B. It is evident from the images
that the GA treated cells showed typical signs of
apoptosis like membrane blebbing and shrinkage.
In contrast, normal cells did not show any marked
shrinkage. Hence, the microscopic images further
corroborated the signs of apoptosis induced by GA.
The images given the Figure 7 is representative of
three independent experiments.
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Figure 7 Representative photomicrograph and scanning electron microscopic images of three independent experiments. A: Photomicrograph images of
untreated and gallic acid (GA) treated HCT-15 cells. The arrow mark indicates cell death after GA treatment; B: Scanning electron microscopic images of untreated
and GA treated HCT-15 cells. The arrow mark represents the rounding up of HCT-15 cells after GA treatment.

Nevertheless, GA is found to evidently affect the colony
formation of HCT-15 cells. The morphological changes
such as cell shrinkage and membrane blebbing was
visible in the colon cancer cells exposed to GA, which
agrees to the earlier experimentation of Yumnam et
[17]
[17]
al
on the GA treated HCT-15 cells . These cellular
changes witnessed in GA treated cells are similar to
characteristic changes in the cellular organelles during
[20]
apoptosis . Thus, the microscopic examinations show
GA induces apoptosis in HCT-15 cells.
In normal biological systems, ROS is continuously
generated and eliminated as well as plays an important
role in driving various regulatory pathways. The cell
balances the generation of ROS thereby controlling it.
However, abundant generation of ROS during oxidative
stress may affect the lipids, cellular proteins. In our
study, GA promoted the generation of ROS in the
colon cancer cell lines depending on the duration of
exposure, which is analogous to the antiproliferative
effect of GA against MiaPaCa-2 human pancreatic
[21]
cancer cells . As the raise in ROS generation is said to
cause apoptosis through extrinsic or intrinsic pathways
in the cancer cells, the promotion of ROS generation in
GA treated HCT-15 cells supports the antiproliferative
[22]
effect of GA . Other significant pro-apoptotic event
is lipid layer breakage, which is said to favor the
interaction between the drug tested and the other
cell organelles Lipid layer breakage was enhanced
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by GA treatment in the colon cancer cell lines. This
finding is supported by GA-induced lipid layer breaks
[23]
in the HSC-2 human oral cancer cells . The lipid
layer breakage is an optimistic event that favor the
interaction between the drug tested and the other
[24]
cell organelles . Hence, the effect of GA on the lipid
layer of HCT-15 cells may be related to the apoptosisinducing ability of GA. A great increase in ROS has
been associated with reduced cancer cell proliferation
by induction of cell cycle arrest. The GA treatment
caused a time-dependent cell cycle arrest at the sub-G1
phase in HCT-15 cells, which was similar to activity of
[25]
GA on HL-60 human leukemia cells . However, the
Sub-G1 phase is related to measurement of apoptosis
[13]
or programmed cell death . During apoptosis, the
DNA is degraded and the content becomes less than
that the DNA content in healthy cells undergoing
[26]
cell cycle . The increase in the amount of cells at
Sub-G1 phase infers that GA treatment of HCT-15 cells
may be ascribed to programmed cell death in a time
dependent manner.
Mitochondrial malfunction is another key event
that occurs during apoptosis. Mitochondrial membrane
potential (MPP) of GA treated cells showed decreasing
intensity, with an increase in the exposure time that is
similar to the result acquired during the investigation
of effect of GA on A375S2 human melanoma cells
[27]
by Lo et al . Various anticancer drugs cause MPP
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[14]

the apoptotic cells without interfering cell viability .
Apart from the early and later events indicating the
occurrence of apoptosis, Yo-pro-1 staining confirmed
the apoptosis after GA treatment.
Although apoptosis is confirmed by Yo-Pro-1
staining it would be more interesting to study the
various pro-apoptotic and anti-apoptotic protein level
in GA treated HCT-15 cells. The analysis of cyclin/
CDK, p53, Bax, Bad, Bcl-2 and Bcl-xL protein levels at
different time intervals would give more information
regarding the apoptosis induced by GA. Hence in future
research, this interesting points will be addressed.
However, further development of this research work
would be in vivo experimentation with GA. This would
need a proper understanding of the degree to which
GA is absorbed or becomes available at the site of
physiological activity after administration. As the halfmaximal inhibitory concentration of GA obtained in our
studies lies within the range of biological availability,
the in vivo experimentation can be preceded.
Nevertheless, proper experimentation using humans
with risk of colon cancer in a larger group may validate
the anticancer activity of GA more precisely.
In conclusion, the phenolic compound GA inhibited
the growth of HCT-15 colon cancer cells. GA exhibited
antiproliferative effect on both colon cancer cell lines
along with notable morphological and biochemical
changes. The anti-cancerous effect of GA followed
ROS dependent apoptosis in HCT-15 colon cancer
cell lines. Early events associated with apoptosis like
lipid layer breakage and fall in MPP were induced
by GA treatment. The cell cycle progression was
arrested at the sub-G1 phase by GA treatment.
Morphological changes like membrane blebbing and
shrinkage in the GA treated cells was depicted by
SEM and photomicrograph images. In conclusion, GA
induced apoptosis in HCT-15 cells through the ROS mitochondrial pathway in a time dependent manner.
These results propel the role of GA as a possible
anticancer agent. However, further experiments in
preclinical and clinical settings are needed to promote
GA as a likely candidate for chemotherapy of colon
cancer.
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Figure 8 Apoptosis assessment using Yo-Pro-1 dye by flow cytometry.
HCT-15 cells was treated with gallic acid (GA) for specified time points.
The distribution of the cell population changed according to the exposure
time as indicated by M1 and M2. Data represented is the maximum of three
independent experiments and the differences in the values of M2 were
significant at 48 h and 72 h compared to untreated control cells (P < 0.05 vs
untreated control cells).

COMMENTS
COMMENTS
Background

Many surveys have shown that all types of cancers have a link with the diets
the authors consume. Especially, in the case of colon cancer, diet plays a
crucial role as the colonic epithelial cells are exposed to diets directly. Because
of this reason, scientists explore various natural compounds present in food
substances to treat colon cancer. Some studies have already shown that these
natural compounds are absorbed by the body and have the potential to reduce
the risk of colon cancer. The current study deals with examining the growth
inhibitory effect of the dietary phenolic phytochemical gallic acid (GA) against
HCT-15 colon cancer cells.

[24]

fluctuations and induce death of cancer cells .
Furthermore, the changes identified in the level of MPP
in may be related to its inhibitory effect of GA against
HCT-15 cells. Some recently concluded researches
utilized Yo-Pro-1 as an effective agent in confirming
apoptosis. The Yo-Pro-1 staining used to detect
apoptosis induced by anticancer agents as it analyses
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Despite the several anticancer drugs that are available for colon cancer,
scientists continuously search for a novel anticancer drug with enhanced
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efficacy. Previous experiments have investigated the anticancer effect of GA
against colon cancer, while the various reactions induced by GA on colon
cancer cells have never been examined.

10

Innovations and breakthroughs

The study emphasizes the mechanism related to the anticancer effect of GA
against colon cancer cell. GA was found to inhibit the growth of colon cancer
cells through reactive oxygen species (ROS)-mediated apoptosis with notable
morphological changes.

11

12

Applications

A series of events associated with the anticancer activity of GA are clearly
depicted. Moreover, in-depth experimentation in preclinical and clinical settings
is needed to promote GA as a plausible candidate for chemotherapy of colon
cancer. Further, an in-depth proteomics study in relation to the GA induced
apoptosis would be of great interest.

13
14

Terminology

Apoptosis or programmed cell death, the death of cells that occurs as a normal
and controlled part of an organism’s growth or development which can be
Apoptosis can be induced either by a stimulus, such as irradiation or toxic
drugs, or by removal of a repressor agent.
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Peer-review

Phytochemicals modulate key cellular signaling pathways and have proven
anticancer effects. In the past, a large number of substances derived from
plants have been studied in antitumor research fields and many have proven
to exhibit chemopreventive properties which could be used as adjuvant
chemotherapy. In this manuscript, the authors found that diet-derived phenolic
compound GA inhibited the proliferation and induced the apoptosis of HCT-15
cancer cells through increased generation of ROS. The study is important and
may advance the field of chemoprevention.
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AIM: To study the therapeutic effect of norcantharidin
(NCTD) combined with ABT-737 on hepatocellular
carcinoma cells and the molecular mechanism.
METHODS: Two hepatocellular carcinoma (HCC) cell
lines, HepG2 and SMMC-7721, were selected. ABT-737
and NCTD were allocated into groups to be used alone
or in combination. HepG2 and SMMC-7721 cells were
cultured in vitro . Liver cancer cells in the logarithmic
phase of growth were vaccinated and cultured to the
cell wall stage; these cells were treated for 48 h with
different concentrations of NCTD, or ABT-737, or NCTD
combined with ABT-737. The cell proliferation inhibition
rate was detected by methyl thiazolyl tetrazolium.
The expression of Mcl in HCC cells was detected by
Western Blotting, and the cells in each group after
treatment had apoptosis detected by flow cytometry.
The proliferation inhibition rate, the expression of Mcl-1
in cells and the apoptosis inducing effect of treatment
were observed in each group, and the effect of NCTD
on ABT-737 in the treatment of HCC and its mechanism
of action were analyzed.
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RESULTS: As the concentration of NCTD increased,
the cell proliferation inhibition rate gradually decreased;
and the treatment effect of ABT-737 1-3 μm combined
with NCTD on cell proliferation inhibition was stronger
than that of ABT-737 alone. The difference was
statistically significant (p < 0.05). In observing the
expression of Mcl-1 in cells after the treatment of
different concentrations of NCTD, this was partially
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inhibited after treatment with NCTD 15 μm, and the
expression of Mcl-1 was almost undetectable after
treatment with NCTD 30 μm and 60 μm. The effect on
inducing apoptosis with the treatment of ABT-737 or
NCTD alone for 48 h was lower than that of the control
group. The difference was not statistically significant
(p > 0.05). The effect on inducing apoptosis in HepG2
and SMMC-7721 cells with the treatment of ABT-737
combined with NCTD for 48 h was greater than that of
ABT-737 or NCTD alone. The difference was statistically
significant (p < 0.05).

Table 1 List of the main reagents and instruments in the
experiments
Primary reagents

Source

ABT-737
NCTD
DMSO
96-well and 6-well cell culture
plates
Methyl thiazolyl tetrazolium
(MTT)
Trypsin

CONCLUSION: NCTD combined with ABT-737 has a
positive role in the treatment of HCC, and it has great
value in clinical research.

CO2 Incubator
Multiskan MK3 microplate reader
Flow cytometer
TUNEL Assay Kit for Apoptosis
Detection

Key words: Norcantharidin; Hepatocellular carcinoma
cell; Mcl-1
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Biochempartner
Nanjing Zelang Medical Technology
Co., Ltd.
Hyclone
Costar, United States
Sigma, United States
Hangzhou Gino Biomedical
Technology Co., Ltd.
Thermo Scientific, United States
Thermo Scientific, United States
BD Biosciences
Nanjing KeyGEN BioTECH

[8-10]

tumors
, and this has become a major obstacle
point in clinical application. Research has shown the
treatment sensitivity of tumor cells to ABT-737 can be
enhanced by its combination with other chemotherapy
[11-14]
drugs
.
Norcantharidin (NCTD) is a derivative of the
Chinese medicine cantharidin, which has good anti[15-17]
tumor effects
. Studies have reported that the
anti-tumor effect of NCTD may be related to the role
[18]
of Bcl-2 family members , which can inhibit Mcl-l
[19]
expression in HCC cells . Therefore, this study aims to
investigate the therapeutic effects of NCTD combined
with ABT-737 on HCC cells, and to preliminarily analyze
its mechanism of action for the future development
of anticancer drugs, aiming to provide theoretical
guidance for clinical applications.

Core tip: The effects of ABT-737 and norcantharidin
(NCTD) alone or in combination on HepG2 and
SMMC-7721 cells were tested by methyl thiazolyl tetra
zolium, Western blot and flow cytometry. We found
that as the concentration of NCTD increased, the cell
proliferation inhibition rate gradually decreased; and
the treatment effect of ABT-737 1-3 μm combined
with NCTD on cell proliferation inhibition was stronger
than that of ABT-737 alone (p < 0.05). The effect on
inducing apoptosis in HepG2 and SMMC-7721 cells with
the treatment of ABT-737 combined with NCTD for 48
h was greater than that of ABT-737 or NCTD alone (p <
0.05). NCTD combined with ABT-737 has a positive role
in the treatment of HCC.

MATERIALS AND METHODS

Ren J, Li G, Zhao W, Lin L, Ye T. Norcantharidin combined
with ABT-737 for hepatocellular carcinoma: Therapeutic effects
and molecular mechanisms. World J Gastroenterol 2016;
22(15): 3962-3968 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i15/3962.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i15.3962

Materials

HCC cell lines: HepG2, SMMC-7721 (purchased from
Cell Bank of Beijing Concord Technical Institute).
Reagents and equipment details are displayed in Table
1.

Experimental methods

Cultured cell lines: Hepatoma cell lines HepG2 and
SMMC-7721 were cultured in vitro, placed in RPMI-1640
medium containing 10% fetal bovine serum, and placed
in an incubator with 5% CO2 at 37 ℃.

INTRODUCTION
Myeloid cell leukemin-1 (Mcl-1) is a special B-cell
lymphoma 2 (Bcl-2) family protein. It can not only
control cell survival and death, but also plays an
[1-3]
important role in regulating apoptosis signaling .
Several studies have shown that Mcl-1 generally has
a high expression in hepatocellular carcinoma (HCC)
[4-6]
and other malignant tumors , and this has become
a cancer research focus of molecular targeted therapy.
ABT-737 is a novel cancer therapeutic agent that has
[7]
good prospects for clinical application . However, ABT737-mediated apoptosis is limited when there is high
expression of Mcl-1 in liver cancer and other solid

WJG|www.wjgnet.com

Cell proliferation inhibition detection by
methyl thiazolyl tetrazolium assay: HepG2 and
SMMC-7721 hepatoma cells in the logarithmic growth
phase were seeded into 96-well plates and cultured.
Cells were divided into the following groups when they
attached to the wall: ABT-737 monotherapy group,
NCTD monotherapy group, ABT-737 combined with
NCTD group, control group, and apoptosis group;
and each group had 3 parallel wells. After treatment,
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culture was continued for 48 h. Then, 20 μl of methyl
thiazolyl tetrazolium (MTT) solution was added into
each well, and incubated for 4 h in an incubator.
The supernatant was discarded, 150 μl of DMSO
was added into each well, and they were placed in
the incubator for 10 min. Optical density (OD) value
was measured with an enzyme mark instrument.
Measurements were repeated three times, and the
average value was obtained. Proliferation inhibitory
rates of the drug-treated groups were calculated as
follows: inhibition rate (%) = [1 - (average OD value
of drug-treated groups - average OD value of the
apoptosis group)/(average OD value of the control
group - average OD value of the apoptosis group)] ×
100%.

(Figure 1a and b); meanwhile, the effect of ABT-737 1-3
μm and NCTD combined treatment on cell proliferation
inhibition was stronger than ABT-737 alone. The
difference was statistically significant (P < 0.05) (Figure
2a and b).

Western blot detection of Mcl expression in
hepatoma cells: Before initiation of the experiment,
5
4 × 10 hepatoma cells were seeded in 6-well plates.
After cell adhesion, they were treated with NCTD
alone, ABT-737 alone, and NCTD combined with
ABT-737, and placed in an incubator for 24 h. After
drug-treated cells were trypsinized, cells were collected
by centrifugation, total protein was extracted, then
protein was quantified by Bradford assay. Western
blot detection was carried out as follows: (1) loading
volume: the sample injection volume per well was
20 μg, boiled in water for 5 min, centrifuged 5 min,
and the supernatant sample was obtained; (2) SDSPAGE electrophoresis, electrophoresis procedure: 100
V for 15 min and 180 V for 45 min; (3) electricity
facing: 45 V for 35 min, 100 V for 10 min and blocked,
then the membrane was washed for 5 min twice;
(4) the primary antibody was added, incubated
at 4 ℃ overnight and membrane was washed for
5 min three times, the secondary antibody was
added, the membrane was washed twice; and (5)
development and fixing: the membrane was fixed,
chemiluminescent was added, wrapped in plastic wrap
after drying, washed after exposure for 1-3 min, then
scanned and protein bands analyzed.

Results showed that the expression of cytochrome
C was not detected in cells in the control group or
the ABT-737 monotherapy group, and that a low
expression of cytochrome C was detected in cells in
the NCTD monotherapy group. Cytochrome C was
highly expressed in cells in the ABT-737 combined with
NCTD group (Figure 4a and b).

Mcl-1 expression in cells after different concentrations
of NCDT treatment

After HepG2 and SMMC-7721 cells were treated with
NCTD 15 μm, the expression of Mcl-1 was partially
inhibited; and when the concentration of NCTD was
30 and 60 μm, the expression of Mcl-1 was almost
undetectable (Figure 3).

Effect of NCTD combined with ABT-737 on cytochrome
C

Apoptosis detection by flow cytometry

In the control group, ABT-737 3 μm monotherapy
group, NCTD 30 μm monotherapy group, or ABT-737
combined with NCTD group, after the 48 h treatment
of HepG2 and SMMC-7721 cells, cell apoptosis
detection by flow cytometry showed the following:
in the monotherapy groups, cells showed an small
increase in apoptosis induction compared with the
control group, and the difference was not statistically
significant (P > 0.05); while after the combination
treatment for 48 h, HepG2 and SMMC-7721 cells had
a greater amount of apoptosis compared with ABT-737
and NCTD monotherapy, and the difference was
statistically significant (P < 0.05) (Figure 5a and b).

DISCUSSION
[20]

ABT-737 is an antagonist of small molecule Bcl-2 ,
and a novel anti-cancer drug that induces tumor
cell apoptosis without causing damage to normal
[21-23]
cells
; it has broad prospects for development.
However, ABT-737 is inhibited in the induction process
of apoptosis in hepatocellular carcinoma and some
[24,25]
solid tumors that have high expression of Mcl-1
.
Therefore, determining how to reduce the expression
of Mcl-1 in cells to increase the efficiency of the
therapeutic effect of ABT-737 for liver cancer would be
a breakthrough. Studies have reported norcantharidin
treatment for cancer can inhibit the expression of
[26-28]
Mcl-1
. Therefore, norcantharidin combined with
ABT-737 was used in this study to analyze its effect
in the treatment of liver cancer, and to explore its
mechanism.
The results are as follows: when HepG2 and

Apoptosis detection by flow cytometry: After
treatment, cells in the NCTD group, ABT-737 group,
and NCTD combined with ABT-737 group were
trypsinized, collected, centrifuged, washed, and
resuspended. Then, flow cytometry detection and
analysis were performed according to the TUNEL
apoptosis kit manufacturer’s instructions.

RESULTS
Cell proliferation inhibition rate in each group

After treatment of HepG2 and SMMC-7721 cells
with different concentrations of NCTD for 48 h, cell
proliferation inhibition rates detected by MTT were as
follows: when concentrations of NCTD were increased,
the cell proliferation inhibition rate became smaller
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A

Figure 1 Change in cell proliferation
inhibition rate after 48 h of treatment
with different concentrations of norcan
tharidin. A: The change of cell proliferation
inhibition rate in HepG2 cells; B: The
change of cell proliferation inhibition rate in
SMMC-7721 cells.
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Figure 2 Change in cell proliferation in
hibition rate after 48 h of treatment with
different concentrations of ABT-737 or
with ABT-737 combined with different
concentrations of norcantharidin (15
µm, 30 µm, 60 µm). A: The change of cell
proliferation inhibition rate in HepG2 cells;
B: The change of cell proliferation inhibition
rate in SMMC-7721 cells.
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Figure 3 Expression of Mcl-1 in cells after treatment with different concentrations of norcantharidin.
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SMMC-7721 cells are treated for 48 h with different
concentrations of NCTD, it is apparent that NCTD
has a good inhibitory effect on cell proliferation; and
comparing 1-3 μm of ABT-737 alone with ABT-737
combined with NCTD, results show that the ABT-737
combined with NCTD treatment has a stronger
inhibition of cell proliferation compared with ABT-737
[29,30]
alone
. In order to verify this, we further detected
its apoptotic effect by flow cytometry. The results
showed that ABT-737 combined with NCTD treatment
for 48 h applied to HepG2 and SMMC-7721 cells had
a stronger apoptosis-inducing effect than ABT-737
and NCTD monotherapy; and thus, we confirm the
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rationality of these results. These results also show that
NCTD enhances ABT-737 in inhibiting cell proliferation
by inducing apoptosis.
Regarding detection of Mcl-1 expression in
cells, results showed that after treatment of HepG2
cells and SMMC-7721 cells with NCTD 15 μm, the
expression of Mcl-1 was partially inhibited, while the
expression of Mcl-1 was almost undetectable when
NCTD concentration was 30 and 60 μm. As expected
for NCTD, there were better inhibitory effects on
Mcl-1 expression in cells at higher doses. To study its
mechanism, cytochrome C was further detected in the
cytoplasm and the mitochondrial membrane.
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In comparing HepG2 cells and SMMC-7721 cells
treated in the control group, ABT-737 monotherapy
group, NCTD monotherapy group, and ABT-737
combined with NCTD group, the following expressions
of cytochrome C were found: in the control group
and ABT-737 monotherapy group, the expression of
cytochrome C in cells was not detected, while a low
expression of cytochrome C was detected in cells
in the NCTD monotherapy group; and cytochrome
C showed a high expression in cells in the ABT-737
combined with NCTD group. This result prompts us to
conclude that this two-drug combination can enhance
the expression of cytochrome C, and it also proves that
NCTD enhances the release of cytochrome C induced
by ABT-737. These results are due to cytochrome C
release from the mitochondria into the cytosol in cells,
and this is an important symbol of the Bcl-2 family
proteins in the regulation of apoptosis. Therefore,
we can speculate that NCTD inhibits Mcl-1 enabling
ABT-737 to release cytochrome C in cells.
Studies for ABT-737 drugs are promising. Although
we have a number of significant results, there are
still many issues that need to be explored in indepth studies, such as: the inhibition by NCTD of
the expression of Mcl-1 to enhance ABT-737 in the
treatment of hepatocellular carcinoma drug resistance;
the release of cytochrome C induced by ABT-737, and
whether there is an impact on other factors; and to
determine whether ABT-737 combined with other anticancer chemotherapy drugs will show improvements.
In our study, these problems are not investigated, and
the role of its mechanism needs to be further explored
through in-depth studies.
In summary, NCTD and ABT-737 combined can
solve the ABT-737 drug resistance problem for the
treatment of liver cancer. NCTD can inhibit the expres
sion of Mcl-1 to enhance the release of cytochrome
C induced by ABT-737. NCTD has a role of inducing
apoptosis to enhance ABT-737 in its inhibition of
cell proliferation; thus, enhancing ABT-737 induces
hepatocellular carcinoma cell apoptosis. Therefore,
NCTD combined with ABT-737 has a positive impact on
the treatment of hepatocellular carcinoma cells; clinical
research in this field has great value, and it deserves
further investigation.

The ABT-737-mediated apoptosis signal is limited when there is high expression
of Mcl-1 in liver cancer and other solid tumors; and this has become a major
obstacle point in clinical application. Research has shown that the treatment
sensitivity of tumor cells to ABT-737 can be enhanced when it is in combination
with other chemotherapy drugs. Studies have reported that the anti-tumor effect
of NCTD may be related to the role of Bcl-2 family members, which can inhibit
Mcl-l expression in HCC cells.

Innovations and breakthroughs

Research has shown the treatment sensitivity of tumor cells to ABT-737 can be
enhanced by combination with other chemotherapy drugs. Therefore, this study
aims to investigate the therapeutic effects of NCTD combined with ABT-737 on
HCC cells, and to preliminarily analyze its mechanism of action for the future
development of anticancer drugs and to provide theoretical guidance for clinical
applications.

Applications

This study demonstrated that combining NCTD and ABT-737 can solve the
ABT-737 drug resistance problem for the treatment of liver cancer. It shows
that the effect on inducing apoptosis in HepG2 and SMMC-7721 cells with the
treatment of ABT-737 combined with NCTD for 48 h was greater than that of
ABT-737 or NCTD alone.

Terminology

HepG2 and SMMC-7721 hepatocellular carcinoma cell lines were tested.

Peer-review

This study demonstrated that NCTD can inhibit the expression of Mcl-1 to
enhance the release of cytochrome C induced by ABT-737. NCTD has a role
of inducing apoptosis to enhance ABT-737 for inhibiting cell proliferation; thus,
enhancing ABT-737 induces hepatocellular carcinoma cell apoptosis. Therefore,
NCTD combined with ABT-737 has a positive impact for the treatment of
hepatocellular carcinoma cells; the clinical research has great value, and it
deserves further investigation.
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Abstract
AIM: To investigate the effect of integrin-linked kinase
(ILK) on proliferation, metastasis, and invasion of the
colorectal cancer cell line SW480.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Xiangya
Hospital.

METHODS: In this study, the colorectal cancer
cell line SW480 was stably transfected with ILK
plasmids, and small interfering RNA (siRNA) was
used to knockdown expression of nuclear factor (NF)κB/p65. Methylthiazole tetrazolium (MTT) assay was
performed to measure proliferation, and the wound
healing migration assay and matrigel invasion assay
were used to test the metastasis and invasion ability
of SW480 cells. To explore the epithelial-mesenchymal
transition (EMT) process, embryonic development, and
the invasion and metastasis of tumors, the protein level
of E-cadherin, vimentin, snail, and slug was detected
by western blot. Immunofluorescence was also used
to detect E-cadherin expression. Western blot was
used to determine the level of phosphorylated-inhibitor
of kappa B (IκB)a, inhibitor of gamma B (IγB)a, and
nuclear factor kappa B (NF-κB) expressions and to
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explore the ILK signaling pathway.

ILK can recruit other adapter molecules and regulate
a variety of cellular processes via coupled signaling
pathways, including cell growth, proliferation, apoptosis,
survival, differentiation, migration, and invasion. Recent
studies have shown that ILK is overexpressed and
[1,2]
excessively activated in a number of human cancers .
It has been reported that the overexpression of ILK
can enhance the rate of lung cancer cell migration, and
it was shown that this enhancement was regulated
by nuclear factor (NF)-κB-mediated matrix metallo
[3,4]
proteinase (MMP)-9 expression . Researchers have
found that ILK was highly expressed in colorectal cancer
tissues; and that ILK promoted tumor transfer and
corrosion, which is mediated through the epithelial[5,6]
mesenchymal transition (EMT) process . However,
the role and mechanism of ILK in colorectal cancer
cells remains unclear. Some experts have reported
that ILK overexpression can induce transcription factor
snail and zinc finger E-box binding homeobox 1 (ZEB1)
expression, resulting in the inhibition of E-cadherin
[7-9]
expression . The colorectal cancer cell line SW480
was used in this study, and ILK expression levels in this
cell line were found to be relatively low. The present
study aims to investigate the effect of ILK in colorectal
cancer cell proliferation, invasion, and metastasis and to
explore its underlying mechanism.

RESULTS: Western blot results revealed that ILK
expression significantly increased when ILK was
overexpressed in SW480 cells (P < 0.05). Proliferation,
metastasis, and invasion ability were improved in the
vector-ILK group compared to the vector group (P
< 0.05). Immunofluorescence results revealed that
E-cadherin fluorescence intensity decreased after ILK
was overexpressed (P < 0.05). Western blot results
revealed that the protein expression of E-cadherin
was reduced, while vimentin, snail, and slug were
upregulated when ILK was overexpressed in SW480
cells (P < 0.05). In order to determine the role of
the NF-κB signaling pathway in ILK overexpression
promoted EMT occurrence, we overexpressed ILK in
SW480 cells and found that levels of NF-κB/p65 and
cytoplasmic phosphorylated-IκBa were increased and
that cytoplasmic IкBa levels were decreased compared
to the control group (P < 0.05). Furthermore, NF-κB/
p65 knockout revealed that E-cadherin was increased
in the overexpressed ILK group.
CONCLUSION: ILK overexpression improved the
proliferation, metastasis, and invasion ability of SW480
cells, and this effect may be mediated by the NF-κB
signaling pathway.
Key words: Colorectal cancer; Integrin-linked kinase;
Epithelial-mesenchymal transition; Nuclear factor-κB;
Overexpression

MATERIALS AND METHODS
Materials

Transfection reagent lipofectamine 2000 (Invitrogen,
Carlsbad, CA, United States), PVDF film (Millipore,
Bedford, MA, United States), anti-ILA antibody (Cell
Signaling Technology, Danvers, MA, United States),
anti-E-cadherin antibody and anti-Vimentin antibody
(Santa Cruz Biotechnology, Dallas, TX, United States),
anti-Slug antibody (Abcam, Cambridge, MA, United
States), and anti-β-actin antibody (Sigma-Aldrich, St.
Louis, MO, United States).

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

Core tip: In this study, the colorectal cancer cell line
SW480 was stably transfected with integrin-linked
kinase (ILK) plasmids, and the proliferation, metastasis,
and invasion ability of the cells were tested. The results
demonstrated that ILK overexpression improved the
proliferation, metastasis, and invasion ability of cell line
SW4802 and promoted the occurrence of the epithelialmesenchymal transition in colorectal cancer cells.
These effects may be mediated by the nuclear factorκB signaling pathway.

Construction of ILK overexpressed SW480 cell line

The human colorectal cancer cell line SW480 was
obtained from the Cell Bank, Chinese Academy of
Medical Sciences (Shanghai, China) and cultured
in Leibovitz L-15 medium (Gibco, Grand Island,
NY, United States) containing 10% fetal bovine
serum (FBS; Hyclone, Logan, UT, United States)
and antibodies. Cells were cultured in an incubator
containing 5% CO2 at 37 ℃ and were passaged for 2-3
d until 85% confluence was achieved.
Human ILK gene coding sequence was obtained
by polymerase chain reaction (PCR) amplification
and connected the target gene to the pcDNA3.1
vector. Sequencing detection revealed no mutation
5
in the target gene. In a six-well plate, 2 × 10 cells
were seeded into each well. After 1 d of culture,
cells were transfected, and transfection reagent
lipofectamine 2000 was applied to transfect 2 μg/ml of
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INTRODUCTION
Integrin-linked kinase (ILK) is a multifunctional receptor
protein and a protein interaction integrin. Moreover,
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overexpressed ILK plasmids (pcDNA3.1-ILK) or empty
vector. After 48 h of transfection, cells were placed
into a selective medium (G418, 800 mg/ml) for 3-4
wk. G418-resistant clones were filtered and amplified
after reverse transcriptase (RT)-PCR and western blot
confirmation.

Cell proliferation experiment

membrane anti-ILK antibody (diluted 1:1000), antiE-cadherin antibody (diluted 1:100), anti-NF-KBp65
antibody (diluted 1:1000), anti-inhibitor of kappa B
(IkB)a antibody (diluted 1:1000), anti-phosphorylated
IkBa antibody (diluted 1:1000), anti-vimentin antibody
(diluted 1:1000), anti-E-cadherin antibody (diluted
1:500), anti-snail antibody (diluted 1:500), anti-slug
antibody (diluted 1:1000), and anti-β-actin antibody
(diluted 1:5000). Then, membranes were treated with
horseradish peroxidase (HRP)-conjugated secondary
antibodies. Specific protein bands were detected using
an enhanced chemiluminescence assay kit (Santa Cruz
Biotechnology).

3

Cells were cultured in 96-well plates (2 × 10 cells/
well) for 24, 48, and 72 h. Then, 20 μl of MTT was
added into each well and cultured in an incubator for
another 2 h. At the end of the culture period, the liquid
in the well was discarded, 200 μl of dimethylsulfoxide
(DMSO) was added, and optical density (OD) was
measured with a microplate reader at 450 nm.

Immunofluorescence

Cells were cultured on round coverslips and fixed
with 4% paraformaldehyde for 30 min. Then, 0.1%
Triton X-100 was used for permeabilization. Cells were
incubated in fluorescein isothiocyanate (FITC)-labeled
goat anti-rabbit antibodies for 90 min, washed with
secondary antibodies, and fixed by 4’,6-diamidino2-phenylindole (DAPI). A laser scanning confocal
microscope (FV1000S-SIM/IX81; Olympus, Tokyo,
Japan) was used to observe staining.

Wound healing assay

Cells were cultured in six-well plates, and the culture
medium was discarded when it reached approximately
80% confluence. Then, the monolayer was scraped
using the tip of a 200-μl pipette, cells were washed
three times with phosphate buffered saline (PBS),
and a photograph was taken under a microscope.
Subsequently, cells were maintained in serum-free
medium for another 6 h. Then, a photograph was
taken and the migration rate was computed.
The culture medium was discarded when cells
reached 60% confluence. Cells were washed three
times with PBS and cultured in an incubator for
another 24 h. After trypsinization, cells were collected
in a tube, centrifuged, and resuspended in FBS free
5
culture medium to a final concentration of 1 × 10
cells/ml. The transwell chamber was placed onto a
24-well plate containing 800 μl of culture medium
with 20% FBS. Then, cell suspensions were injected
into the devices through the inlet channels. The plate
was incubated for 24 h in 5% CO2 at 37 ℃ . After
incubation, the transwell chamber was taken out,
washed with PBS, and the upper layer of the chamber
was cleaned with a cotton swab. The chamber was
fixed with formalin for 20 min, dyed with hematoxylin
for 5 min, and washed with PBS. Then, the number of
cells were observed and counted with a microscope.

Statistical analysis

All data are presented as mean ± SD. Using SPSS 13.0
software (SPSS, Chicago, IL), data were compared by
one-way analysis of variance (ANOVA), and P < 0.05
was considered statistically significant.

RESULTS
Overexpression of ILK in SW480 cells increased ILK
protein expressions

To verify the low expression levels of ILK in stably
transfected SW480 cells, there were three transfection
treatment groups: SW480, pcDNA3.1, and pcDNA3.1ILK. After 24 h of transfection, ILK expression level
was detected by western blot. Results revealed that
ILK expression was significantly increased in the
pcDNA3.1-ILK group compared with the vector group
(Figure 1A). In addition, grayscale analysis revealed
that ILK expression increased in the pcDNA3.1-ILK
group, compared with the vector group (Figure 1B),
and this difference was statistically significant (P <
0.05).

siRNA interference

NF-κBp65 small interfering RNA (siRNA) 5’-CCUCCUU
UCAGGAGAUGAATT-3’; scramble control 5’-UUCUCCGA
ACGUGUCACGUTT-3’. After transfection with lipofec
tamine 2000 for 48 h, cells were obtained and analyzed.

Overexpression of ILK enhances proliferation of SW480

MTT assay was used to detect cell proliferation and
validate whether the increase in ILK expression affected
the proliferation of SW480 cells. The results (Figure 2)
revealed that there was no statistical difference between
the vector and control groups. However, the proliferation
rate was much higher at 48 and 72 h in the vector-ILK
group than in the vector group; and the difference was
statistically significant (P < 0.05).

Western blot

Cells were lysed for cytosol-nuclear isolation; and
nuclear and cytoplasmic lysates were collected. Sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was performed, and proteins were
transferred onto a polyvinylidene (PVDF) membrane.
Primary antibodies used for incubation were as follows:
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Figure 1 Overexpression of integrin-linked kinase in SW480 cells increased integrin-linked kinase protein expression. A: Integrin-linked kinase (ILK)
expression in the control, vector, and PCDNA3.1-ILK groups were detected by western blot, with GAPDH as an internal control. This experiment was repeated
three times; B: Statistical analysis revealed that ILK expressions significantly increased in the PcDNA3.1-ILK group compared with the vector group. GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase.
2.0

1.5
OD450

rescence intensity was significantly reduced in the
overexpressed ILK group (Figure 7B) compared with
the no-load group (Figure 7A, P < 0.05). As explained,
mutual adhesion between cells decreased, and EMT
may have occurred. Therefore, EMT occurrence
in colorectal cancer may be mediated by ILK. The
transcription factors vimentin, snail, and slug have
regulatory roles in cell EMT occurrence. To further
validate our results, we overexpressed ILK in SW480
cells and used western blot for protein detection. We
found that the expression of vimentin, snail, and slug
was increased, while expression of E-cadherin was
decreased (Figure 7C). In grayscale analysis, vimentin,
snail, slug, and E-cadherin expression differences
were statistically significant (P < 0.05, Figure 7D).
Experimental results revealed that EMT occurrence in
SW480 cells was promoted by ILK.

SW480
Vector
Vector-ILK

1.0

0.5

0.0

0

24

48

72

t/h

Figure 2 Proliferation rate of SW480 cells due to integrin-linked kinase
overexpression.

Wound healing assay

Wound healing assay is an easily performed experiment
that can detect migration ability, invasiveness, and
metastasis of cells (Figures 3 and 4). Six and 12 h of
culture after the scrape was made, the cells migrated
much faster in the vector-ILK group than in the control
group (P < 0.05).

NF-κB signaling pathway mediated the ILK-induced EMT
occurrence

In order to investigate whether ILK overexpressioninduced EMT occurrence was directly or indirectly
regulated via the NF-κB signaling pathway, we
overexpressed ILK in SW480 cells and found
using western blot that NF-κBp65 and cytoplasmic
phosphorylated p-IκBa expression levels were
significantly higher and that cytoplasmic IγBa expression
was reduced in the overexpressed ILK group compared
with the control group (P < 0.05, Figure 8A and B).
In addition, we carried out siRNAp65 interference
treatments on SW480 cells and simultaneously
overexpressed ILK. By western blot, we found that
E-cadherin expression in the vector-ILK cell line
increased in the siRNAp65 treated group compared
with that in the ILK overexpression group and the
empty vector transfection group; and the difference
was statistically significant (P < 0.05, Figure 8C and
D). Taken together, these results demonstrate that the
NF-κB signaling pathway mediated ILK-induced EMT
occurrence.

Matrigel invasion assay

In the transwell method, cells can be induced to
migrate from low nutrient culture medium to the high
nutrient culture medium, allowing for the detection
of the invasion ability of cells (Figures 5 and 6). The
number of cells that migrated to the other side of
the chamber was slightly higher in the vector group
than in the control group, but the difference was not
statistically significant (P < 0.05). More cells migrated
to the other side of the chamber in the vector-ILK
group (P < 0.05).

ILK can promote EMT occurrence

We over-expressed ILK in SW480 cells to investigate
whether EMT occurrence and ILK expression in
colorectal cancer are correlated. Using immunoflu
orescence staining, we found that E-cadherin fluo
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Figure 3 Wound healing assay. A1, A2, and A3 show the migration condition of cells in the control group after the scrape was made at 0, 6, and 12 h, in which only
a small amount of cells migrated after 12 h; B1, B2, and B3 show the migration condition of the vector group, in which only a small amount of cells migrated after 12 h.
C1, C2, and C3 show the migration condition of the vector-integrin-linked kinase group, in which a number of cells migrated into the center.
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60
50
40

SW480
Vector
Vector-ILK
a

[6]

Li et al reported that patients with colorectal cancer
who have high ILK expression levels have a shorter
survival time compared to patients with colorectal
cancer who have low ILK expression levels. However,
how ILK influences the migration of colorectal cancer
[6,18,19]
cells and its mechanism remains unclear
. In this
study, ILK was overexpressed in the cell line SW480 to
detect the proliferation, migration, and invasion ability
of cells. Then, immunofluorescence was used to detect
E-cadherin levels (a biomarker of EMT) and to explore
the possible mechanisms underlying the effects of ILK.
Tumor metastasis and recurrence caused by tumor
cell invasion or metastasis are the leading causes of
[20,21]
death among cancer patients
. A metastatic tumor
manifests when cancer cells leave the tumor lesion,
invade the adjacent tissue, grow, and proliferate in
[22,23]
that area
. A portion of the tumor cells invades the
lymphatic system, blood vessels, and body cavity and
enters tissues far from the tumor lesion; resulting in
the formation of a secondary tumor. In this study, we
found that enhancing ILK expression levels in SW480
enhanced the proliferation ability of cells. Wound
healing and matrigel invasion assays revealed that
enhanced ILK expression levels improved metastasis
and invasion of colorectal cancer cells. These results
were consistent with some clinical reports in which
patients with colorectal cancer who had high ILK
expression levels were with poor prognosis.
Many theories can be used to explain the invasion
and metastasis of tumors. Among these theories,
[24,25]
EMT is a very classical theory
. EMT is a molecular
program in which an epithelial cell loses its intercellular

a

30
20
10
0

6

12

t/h

Figure 4 Wound healing rate in the three groups. aP < 0.05 vs the vector
group.

DISCUSSION
ILK is a vinculin serine/threonine kinase that is highly
[10]
expressed in malignant tumors . Some researchers
have found that the role of ILK in different tumor types
is not the same. In progressive pediatric tumors, breast
cancer, and rhabdomyosarcoma tumors, ILK has been
[3,11,12]
linked with tumor suppression
, whereas in colon
cancer, pancreatic cancer, melanoma, prostate cancer,
and glioblastoma, ILK plays a role in the promotion of
[13-15]
tumor metastasis and erosion
. Currently, many
experts have reported that ILK has carcinogenic
effects in colorectal cancer. Furthermore, pathological
results have shown that high ILK expression levels
are related to colorectal cancer staging, lymph node
[16,17]
metastasis, and survival of patients
. For example,
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A

B

C

Figure 5 Matrigel invasion assay. A: The control group, only a small amount of cells migrated to the other side of the chamber; B: The vector group, only a small
amount of cells migrated to the other side of the chamber; C: The vector-ILK group, a number of cells migrated to the other side of the chamber.

Number of migrated cells

the expression of E-cadherin; thereby promoting
EMT, which leads to tumor metastasis and invasion.
However, the expression of snail, slug, and other
E-cadherin inhibitors was increased. Our results also
confirmed that ILK can promote the EMT process in
colorectal cancer via upregulation of the expression of
snail and slug.
This study found that activation of the NF-κB sig
naling pathway may directly or indirectly regulate
target proteins. Furthermore, activation of NF-κB is
related to an aggressive phenotype, and its target
proteins include snail and slug. Moreover, the NF-κB
pathway plays a crucial role in EMT. Some experts have
reported that ILK regulated melanoma angiogenesis
[21]
via the NF-κB/interleukin (IL)-6 pathway . Our
results revealed that ILK overexpression activated the
NF-κB signaling pathway, increased NF-κB/p65 levels,
increased cytoplasmic levels of phosphorylated p-IκBa,
and reduced cytosolic IγBa (P < 0.05). In colorectal
cancer, we confirmed that the NF-κB signaling
pathway participated in the overexpression of ILK in
vitro, which induced EMT occurrence. In addition, we
used siRNAp65 knockout experiments to successfully
demonstrate that ILK inhibited the expression of
E-cadherin partly by activation of the NF-κB signaling
pathway. In conclusion, our results confirmed that the
overexpression of ILK induces EMT occurrence, which
promotes the invasion and metastasis of colorectal
cancer in vitro. Moreover, this was partly mediated by
the NF-κB signaling pathway; which also shows that
the NF-κB pathway plays an important role in EMT in
colorectal cancer.
In conclusion, this in vitro colorectal cancer study
confirmed that overexpression of ILK can promote
EMT occurrence in colorectal cancer cells, which was
partly regulated via the NF-κB signaling pathway. As
previously described, ILK plays an important role in
promoting EMT occurrence in colorectal cancer cells and
provides a new therapeutic target for the treatment
of colorectal cancer. However, the mechanism of EMT
regulatory factor expressions remains unclear and
further research is needed.

a

200

150

100

50

0

SW480

Vector

Vector-ILK

Figure 6 Number of cells that migrated to the other side of the chamber.
a
P < 0.05 vs the vector group.

adhesion and acquires a migratory mesenchymal
phenotype. E-cadherin expression is affected by this
change, and the shape of cells are also converted from
an epithelial state to a mesenchyma state; changing
[26,27]
the motility of cells
. EMT plays an important role
in the early stage of embryonic development, the
invasion and metastasis of advanced tumors, and
[28]
fibrosis after chronic inflammation . Studies have
found that cancer cells overexpress EMT-related
genes and that these cells also have an initial cancer
metastasis function. After EMT is induced in cells,
epithelial cells lose their polarity. At the same time,
cell adhesion ability also declines, cells relatively
[29]
disperse, and migration ability is enhanced . These
changes become the main form of local tumor cell
invasion and distant metastasis. In colorectal cancer
experiments in vitro, ILK was overexpressed in SW480
cells. By western blot, we found that E-cadherin
expression was significantly reduced, while vimentin
expression was significantly increased; and by
immunofluorescence staining, we found that E-cadherin
in the overexpressed ILK group was significantly
reduced (P < 0.05). It was further demonstrated in
colorectal cancer that the increase in ILK expression
levels and decrease in E-cadherin expression were
linked. Our results showed that ILK can decrease
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Figure 7 Integrin-linked kinase can promote epithelial-mesenchymal transition occurrence. A: Immunofluorescence revealed that E-cadherin fluorescence
intensity significantly decreased in the pcDNA3.1-ILK group compared with the vector group; B: The difference between the vector group and pcDNA3.1-ILK group
was statistically significant; C: Western blot revealed that vimentin, slug, and snail expression was increased, while E-cadherin expressions was reduced in the
pcDNA3.1-ILK group; compared with the vector group. This experiment was repeated three times; D: The difference between the vector group and pcDNA3.1-ILK
group was statistically significant. ILK: Integrin-linked kinase.
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Figure 8 Nuclear factor-κB signaling pathway mediated the integrin-linked kinase-induced epithelial-mesenchymal transition occurrence. A: Western
blot detection of p-IκBa, IγBa, and NF-κB expression; B: Statistical analysis, in which the difference between the vector group and vector-ILK group was statistically
significant; C: After treatment with siRNA, E-cadherin expression was detected in cells; D: Statistical analysis: the difference between the vector-ILK cell line in the
siRNAp65 treated group and control siRNA group was statistically significant. This experiment was repeated three times. ILK: Integrin-linked kinase; NF-κB: Nuclear
factor-κB; siRNA, small interfering RNA.
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Abstract
AIM: To determine if mir-30d inhibits the autophagy
response to Helicobacter pylori (H. pylori ) invasion and
increases H. pylori intracellular survival.

Institutional review board statement: This study was
reviewed and approved by Gansu Provincial Hospital Institutional
review board.

METHODS: The expression of mir-30d was detected
by quantitative polymerase chain reaction (PCR),
and autophagy level was examined by transmission
electron microscopy, western blot, and GFP-LC3 puncta
assay in human AGS cells and GES-1 cells. Luciferase
reporter assay was applied to confirm the specificity
of mir-30d regulation on the expression of several
core molecules involved in autophagy pathway. The
expression of multiple core proteins were analyzed at
both the mRNA and protein level, and the intracellular
survival of H. pylori after different treatments was
detected by gentamicin protection assay.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional animal care and use committee of Gansu Provincial
Hospital.
Conflict-of-interest statement: The authors declare that they
have no conflict of interest.
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
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Autophagy level was increased in AGS
and GES-1 cells in response to H. pylori infection,
which was accompanied by upregulation of mir-30d
expression (P < 0.05, vs no H. pylori infection). In
the two gastric epithelial cell lines, mimic mir-30d
was found to repress the autophagy process, whereas
mir-30d inhibitor increased autophagy response
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to H. pylori invasion. mir-30d mimic decreased the
luciferase activity of wild type reporter plasmids
carrying the 3′ untranslated region (UTR) of all five
tested genes (ATG2B , ATG5 , ATG12 , BECN1 , and
BNIP3L ), whereas it had no effect on the mutant
reporter plasmids. These five genes are core genes of
autophagy pathway, and their expression was reduced
significantly after mir-30d mimic transfection (P < 0.05,
vs control cells without mir-30d mimic treatment).
Mir-30d mimic transfection and direct inhibition of
autophagy increased the intracellular survival of H.
pylori in AGS cells.

[4,5]

inside host cells . Although regarded generally as an
extracellular pathogen, the intracellular survival of H.
pylori in both gastric epithelial cells and immunocytes
allows it to escape from the host immune response
and resist destruction from membrane-impermeable
[6]
antibiotics , leading to persistence in the stomach. Up
to now, the detailed molecular mechanisms by which
H. pylori escape host cell machineries for intracellular
survival are remains obscure.
Autophagy is present in mammalian cells at a low
basal level. As an evolutionarily conserved cellular
activity, it delivers organelles and cellular materials to
the lysosome for degradation within double-membraned
[7,8]
vacuoles, called autophagosomes . Autophagy is
considered one of the innate immune effectors against
intracellular bacterial infection (e.g., Streptococcus
[9,10]
pyogenes)
. Autophagic proteins act as cytosolic
sensors to rapidly launch the autophagic pathway when
the innate defense system recognizes invasive bacterial
[11]
pathogens . However, some intracellular pathogens
use highly evolved machinery to deceive autophagic
recognition, manipulate the autophagic pathway,
and reconstruct the autophagosomal compartment
[12]
for their own survival . Over the last decade, many
studies have reported that H. pylori infection can induce
macroautophagy and that H. pylori may evade the
autophagic machinery through downregulating the
[6,13-15]
expression of autophagic proteins
.
Recently, interest in the study of mir-30 has been
growing. The mir-30 microRNA family is extensively
[16,17]
expressed in multiple tissues and cell types
. It
has been shown to be involved in a wide range of
physiological activities in normal tissues and cancer
tissues, including cell differentiation, development,
proliferation, apoptosis, senescence, and cancer
[18-22]
metastasis
. mir-30 expression is amplified in more
than 30% of human epithelial tumors, including gastric
[15,23,24]
cancer
. There is increasing evidence that mir-30
is a novel oncomir and understanding the mechanism
underlying mir-30 function in tumorigenesis would be
helpful for developing targeted cancer therapy against
this miRNA family. Previously, we demonstrated that
mir-30d regulated cellular autophagy by directly
[25]
targeting multiple genes in the autophagy pathway .
Consistent with our finding, another mir-30 family
member, mir-30a was found to regulate autophagy
[26,27]
via repressing BECN1 expression in tumor cells
.
In addition, compromised autophagy by mir-30b
upregulation might benefit the intracellular survival of
[15]
H. pylori . These results shed light on the potential
role of miRNAs on autophagy regulation during gastric
tumorigenesis.
Here, we continue our investigation on mir-30d and
H.pylori and suggest that mir-30d downregulated the
expression of key autophagy genes, including ATG2B,
ATG5, ATG12, BECN1 and BNIP3L, and inhibited
the autophagy response to H.pylori invasion of

CONCLUSION: Mir-30d increases intracellular survival
of H. pylori in gastric epithelial cells through inhibition
of multiple core proteins in the autophagy pathway.
Key words: mir-30d; Helicobacter pylori ; Autophagy;
Gene expression; Gastric cancer
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we tested a hypothesis that
mir-30d could repress autophagy in response to
Helicobacter pylori (H. pylori ) invasion by directly
targeting multiple core genes of the autophagy
pathway, including ATG2B, ATG5, ATG12, BECN1
and BNIP3L in gastric epithelial cells. Inhibition of
autophagy increased the intracellular survival of H.
pylori in AGS cells, and the repression of autophagy by
mir-30d may help the intracellular H. pylori to evade
autophagic clearance. These findings provide a novel
mechanism for elucidating persistent H. pylori infection
and provide a promising target for gastric cancer
prevention.
Yang XJ, Si RH, Liang YH, Ma BQ, Jiang ZB, Wang B, Gao P.
Mir-30d increases intracellular survival of Helicobacter pylori
through inhibition of autophagy pathway. World J Gastroenterol
2016; 22(15): 3978-3991 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i15/3978.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i15.3978

INTRODUCTION
Gastric cancer is the second leading cause of cancerrelated death in the world, and almost two-thirds of
the cases occur in Asian countries, especially China
[1,2]
and Japan
. The prognosis of gastric cancer is
generally rather poor, and, therefore, prevention is a
better choice than cure for patients with gastric cancer.
Helicobacter pylori (H. pylori) is a class I carcinogen,
appointed by the International Agency for Research on
Cancer in 1994 due to its strong correlation with gastric
[3]
cancer in humans . One reason for H.pylori’s high
resistance to biomedical therapy may be its residence

WJG|www.wjgnet.com

3979

April 21, 2016|Volume 22|Issue 15|

Yang XJ et al . Mir-30d increases intracellular survival of H. pylori
gastric epithelial cells, resulting in increased H. pylori
intracellular survival.

assay kit (Pierce, 23227). Fifteen micrograms of
total protein were separated by 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDSPAGE) under denaturing conditions and transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore,
Billerica, MA, United States). Membranes were blocked
in 5% non-fat milk (Bio-Rad, Hercules, CA, United
States) and then incubated with the following primary
antibodies: anti-ATG2B, anti-ATG5, anti-ATG12, antiBECN1, anti-BNIP3L, and anti-LC3B. After incubation
with a secondary antibody conjugated with horseradish
peroxidase (HRP) (Amersham Biosciences, Chalfont
St. Giles, United Kingdom) together with an HRPconjugated primary antibody for b-actin (Sigma),
immunoreactive proteins were visualized using the
LumiGLO chemiluminescent substrate (Cell Signaling).
Densitometric analyses were performed using Scion
Image software.

MATERIALS AND METHODS
Plasmids

The green fluorescent protein (GFP)-LC3 and
psiCHECK-2 vectors were purchased from Addgene
(Cambridge, MA, United States) and Promega
(Madison, WI, United States), respectively.

Antibodies and reagents

Antibodies against light chain 3 B (LC3B), autophagy
related (ATG)2B, ATG5, ATG12, beclin 1 (BECN1),
and BNip3-like protein (BNIP3L) were obtained
from Cell Signaling Technology (CST, Beverly, MA,
United States). 3-methyladenine (3-MA, M9281) and
rapamycin (Rapa, R8781) were purchased from Sigma
(St. Louis, MO, United States).

GFP-LC3 plasmid transfection

Cell lines and H. pylori strains

Cells were seeded onto six-well plates and transfected
with a GFP-LC3 expression plasmid at approximately
45%-55% confluence using the Lipofectamine
RNAiMAX transfection reagent (Invitrogen). After 24
h, the cells were infected with or without H. pylori
for 24 h. For observation, cells were fixed with 4%
formaldehyde for 15 min and then washed twice in
cold phosphate-buffered saline (PBS). Cell nuclei were
counterstained with 4’,6-diamidino-2-phenylindole
(DAPI).

AGS cells (a human gastric adenocarcinoma cell-line)
were obtained from American Type Culture Collection
(Manassas, VA, United States) and cultured in F12
media (Gibco, Carlsbad, CA, United States). Human
gastric mucosal epithelial cell line GES-1 (Purchased
from Cell bank of Xiangya Medical School, Central
South University, Hunan, China) was cultured in
Roswell Park Memorial Institute (RPMI)1640 (Cellgro,
Manassas, VA, United States) supplemented with 10%
fetal bovine serum (FBS; Invitrogen, Carlsbad, CA,
United States), and 100 U/mL penicillin/streptomycin
(Gibco, 15140-122) in a humidified incubator at
37 ℃ with 5% CO2. For autophagy induction, cells
were either treated with 200 nM rapamycin (Sigma)
supplemented in complete medium or serum starved
with Hank’s buffer (Stemcell Technologies, Vancouver,
Canada), both at 37 ℃ for 4 h. The wild-type H. pylori
strain 26695(700392) was obtained from American
Type Culture Collection and cultured as previously
described.

Transfection of mir-30d mimic and inhibitor
oligonucleotides

Pre-mir miRNA precursor and control oligos were
purchased from Ambion (Foster City, CA, United States),
and miRCURY LNA miRNA inhibitors and control oligos
were purchased from Exiqon (Vedbaek, Denmark).
Transfections were performed using the Lipofectamine
RNAiMAX transfection reagent (Invitrogen) and then
cells were incubated in the medium containing the
transfection mixture for 24-48 h.

Quantitative real-time polymerase chain reaction

Luciferase reporter assay

Total RNA was extracted using TRIzol reagent
(Invitrogen) and reverse-transcribed using a high
capacity RNA-cDNA kit (Applied Biosystems, Carlsbad,
CA, United States). cDNA was quantified on an ABI
Prism 7900 sequence detection system (Applied
Biosystems). Polymerase chain reaction was performed
using Power SYBR Green polymerase chain reaction
(PCR) master mix (Applied Biosystems).

Cells were plated on a 24-well plate 24 h before
transfection at 50% confluence. miRNA mimics (30
nmol/L, Ambion) were transfected using Lipofectamine
RNAiMAX. Twenty-four hours post-transfection, 0.125
µg of reporter vector was transfected using FuGENE6
transfection reagent (Roche, Basel, Switzerland).
Forty-eight hours after reporter vector transfection,
cells were harvested, and reporter assays were
performed using a dual luciferase reporter assay
system (Promega).

Western blotting

Cells were lysed in mammalian protein extraction
reagent (Pierce, Rockford, IL, United States) with
protease inhibitor cocktail (Sigma). After centrifugation
at 5000 g for 15 min at 4 ℃, the protein concentration
was measured with bicinchoninic acid (BCA) protein
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Transmission electron microscopy

AGS and GES-1 cells were digested with 0.25%
trypsinase and rinsed twice with PBS. They were
then collected, fixed in 2% paraformaldehyde, 0.1%
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glutaraldehyde in 0.1 mol/L sodium cacodylate for
2 h, postfixed with 1% OsO4 for 1.5 h, washed, and
stained for 1 h in 3% aqueous uranyl acetate. The
samples were then washed again, dehydrated with
graded alcohol, embedded in Epon-Araldite resin
(Canemco, Quebec, Canada), and then cut into 0.05
μm thick sections on an ultramicrotome. The cells were
observed under JEM-1230 (Jeol Ltd., Tokyo, Japan)
electron microscopy.

were transfected with GFP-LC3 vector and infected
with or without H. pylori for autophagy analysis. Under
fluorescence microscopy observation (Figure 1A), the
GFP-LC3 puncta was significantly increased in H. pylori
infected AGS and GES-1 cells (compared to the control
cells without infection) after 24 h infection. This finding
indicated that H. pylori infection may induce LC3-Ⅱ
production and autophagosome formation.
Meanwhile, a typical autophagosome, double-limiting
membrane, was detectable in the autophagosome
(black arrowheads) and autophagolysosome (white
arrowheads) examined by transmission electron
microscopy (TEM) (Figure 1B). Ultrastructural image
analysis showed the presence of double-membrane
autophagic vesicles containing H. pylori in the cytoplasm
of AGS cells. The number of autophagic vacuoles (AV),
including autophagosomes and autophagolysosomes in
H. pylori infected AGS cells, was increased (Figure 1B).
Similar results were obtained from GES-1 cells (Figure
1B).
To further confirm this finding, western blots for
LC3B protein were applied to analyze the conversion
of LC3B-I to LC3B-Ⅱ. At 12 h and 24 h after H. pylori
infection, LC3B-Ⅱ protein level was significantly
increased in AGS cells when compared with noninfected cells. A similar pattern was observed in GES-1
cells as well (Figure 1C). The expression of mir-30d in
H. pylori infected cells was analyzed by quantitative
real-time PCR, and the results showed that the
expression of mir-30d was obviously increased at 12
h and 24 h after being infected with H. pylori in both
AGS and GES-1 cell lines (P < 0.05, H. pylori infected
cells versus without H. pylori infected cells) (Figure
1D).
Taken together, these data demonstrate that
H.pylori infection increased the conversion of LC3B-I
to LC3B-Ⅱ (hence higher autophagosome formation),
introduced a complete autophagic response, and
upregulated mir-30d expression in AGS and GES-1 cell
lines.

Gentamicin protection assay

After bacteria infection, the GES-1 and bacterium coculture was washed three times with 1 mL of warm PBS
per well to remove nonadherent bacteria. To determine
the colony-forming unit (CFU) count corresponding to
intracellular bacteria, the GES-1 cell monolayers were
treated with gentamicin (100 mg/mL; Sigma, G1272)
at 37 ℃ in 5% CO2 for 1 h, washed three times with
warm PBS, and then incubated with 1 mL of 0.5%
saponin (Sigma, 47036) in PBS at 37 ℃ for 15 min.
The treated monolayers were resuspended thoroughly,
diluted, and plated on serum agar. To determine the
total CFU corresponding to host associated bacteria,
the infected monolayers were incubated with 1 mL of
0.5% saponin in PBS at 37 ℃ for 15 min without prior
treatment with gentamicin. The resulting suspensions
were diluted and plated as described above. Both the
CFU of intracellular bacteria and the total CFU of cellassociated bacteria were given as CFU per well of
GES-1 cells.

Bioinformatic analysis

miRNA and mRNA expression microarray data were
retrieved from a public accessible database, Cell
Miner. http://discover.nci.nih.gov/cellminer/. Gene set
enrichment analysis (GSEA) algorithm was used to
identify the pathways that were significantly enriched
between mir-30d low and high tumor cells. http://
www. broadinstitute.org/gsea/index.jsp. TargetScan
algorithm was used to predict mir-30d targets. http://
www.targetscan.org.

Transfection of mir-30d mimic in AGS and GES-1 cell
lines downregulates autophagy after H. pylori infection

RESULTS

To determine whether mir-30d has a role in the
negative regulation of autophagy during H. pylori
infection, a mir-30d mimic was transfected into AGS
and GES-1 cell lines for 24 h and then infected with H.
pylori. The effect of the mir-30d mimic on autophagy
was examined in both cell lines by western blotting,
GFP-LC3 puncta assay, and TEM at 24 h post-H. pylori
infection. Figure 2A showed that the expression of mir30d was significantly increased in AGS cell lines either
with or without H. pylori infection at 48 h after mir-30d
mimic transfection (P < 0.05, mimics vs control). The
same results were also found in GES-1 cells (P < 0.05
mimic transfected cells vs no mimic transfected control
cells).
The results of western blotting revealed that

H. pylori infection increased autophagy increased and
upregulated mir-30d in AGS and GES-1 cell lines in
response to

To measure autophagy induction during H. pylori
infection, a GFP-LC3 fusion protein expression reporter
was used in the assay. Upon autophagy induction,
LC3-I, one form of the microtubule-associated protein
light chain 3 (LC3), converts to another form LC3Ⅱ. LC3-Ⅱ is accumulated in the autophagosomal
membranes, and its amount is correlates to the number
of autophagosomes and may serve as a marker for
autophagosome formation. Autophagy induction was
evaluated by measuring the quantity of GFP-LC3
puncta formed in the tested cell. AGS and GES-1 cells
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Figure 1 Autophagy and mir-30d are upregulated in AGS and GES-1 cell lines in response to Helicobacter pylori infection. A: GFP-LC3 puncta were
observed in AGS cells with or without 24 h Helicobacter pylori (H. pylori) infection. Quantification of the number of GFP-LC3 puncta in AGS and GES-1 cells presented
as mean ± SD, aP < 0.05 control vs H. pylori infection; B: The autophagosomes and autophagolysosomes at 24 h after H. pylori infection assayed by transmission
emission microscopy (TEM), shown are a typical autophagosome (black arrowheads) and autophagolysosome (white arrowheads). Quantification of GFP-LC3 puncta
in AGS and GES-1 cells shown as mean ± SD, aP < 0.05 vs control; C: The protein levels of light chain (LC)3B-I and LC3B-Ⅱ at 12 h and 24 h after infection with
H. pylori analyzed by western blot; D: Analysis of the expression of mir-30d at 12 h and 24 h after infection with H. pylori in both cell lines by quantitative polymerase
chain reaction (q-PCR). Results shown as mean ± SD, aP < 0.05 vs control.

Transfection of mir-30d inhibitor in AGS and GES-1 cell
lines upregulates autophagy after H. pylori infection

autophagy was enhanced, as evidenced by increased
LC3B-Ⅱ expression, in both two cell lines during H.
pylori infection, but transfection of mir-30d mimic
significantly downregulated autophagy activity (i.e.,
attenuated LC3B-Ⅱ conversion, Figure 2B).
In the GFP-LC3 puncta assay, GFP-LC3 plasmid and
mir-30d mimic/control mimic were co-transfected into
AGS and GES-1 cells using the lipofectamine RNAiMAX
transfection reagent for 24 h and then infected
with H. pylori. The treated cells were imaged under
confocal laser-scanning microscope 24 h after H. pylori
infection. The results showed that GFP-LC3 puncta
were significantly increased in AGS and GES-1 cells
infected with H. pylori compared to non- infected cells
at 24 h after H. pylori infection, but transfection of mir30d mimic significantly decreased GFP-LC3 positive
puncta in AGS and GES-1 cells (P < 0.05, mimics vs
control; Figure 2C).
Meanwhile, autophagosome and autophagolysosome
were examined by TEM. The number of autophagic
vacuoles (AV), including autophagosomes and auto
phagolysosomes, was increased in H. pylori infected
AGS and GES-1 cells compared to non-infected cells
at 24 h after H. pylori infection. However, transfection
of mir-30d mimic significantly decreased autophagic
vacuoles in both cell types (P < 0.05, mimics vs control;
Figure 2D).

WJG|www.wjgnet.com

For loss of function experiments, endogenous mir30d expression was blocked by mir-30d inhibitor in
both cell lines and then the cells were infected with
H. pylori. The effects of blocked mir-30d expression
on autophagy in both cells lines were examined by
western blotting, GFP-LC3 puncta assay, and TEM at
24 h after H. pylori infection.
In Figure 3A, the expression of mir-30d was
decreased obviously in AGS cell lines with or without
H. pylori infection at 48 h after mir-30d inhibitor
transfection (P < 0.05, vs control oligos transfected
cells). A similar result was found in GES-1 cells (P <
0.05, oligos transfected cells vs control cells). Western
blotting showed that autophagy was enhanced
(increased LC3B-Ⅱ expression) in both cell lines
during H. pylori infection. After transfection of mir-30d
inhibitor into both cell lines, this process was further
increased significantly (increased LC3B-Ⅱ conversion;
Figure 3B).
Co-transfection of GFP-LC3 plasmid and mir-30d
inhibitor/control oligos into AGS and GES-1 cells was
done using the lipofectamine RNAi MAX transfection
reagent for 24 h and then the cells were infected with
H. pylori. Cells were imaged under confocal laserscanning microscope 24 h later. The results showed

3983

April 21, 2016|Volume 22|Issue 15|

Yang XJ et al . Mir-30d increases intracellular survival of H. pylori

A

Blank
Control
a

Expression of miR-30d

Expression of miR-30d

8

miR-30d mimic

5
4

a

3
2
1

a

7
6

a

5
4
3
2
1
0

0

H. pylori

Non

H. pylori

Non

AGS

GES-1

0d
iR
-3
m

Bl
an
k

Co
nt
ro

l

0d
iR
-3
m

Bl
an
k

Co
nt
ro

l

0d
m

iR
-3

l
Co
nt
ro

m

Bl
an
k

iR
-3

Co
nt
ro

Bl
an
k

l

0d

B

LC3B Ⅰ
LC3BⅡ
Actin

H. pylori

Non

H. pylori

Non
AGS

C

GES-1

Blank
Control
miR-30d mimic

25

30

20

25

15

20
a

10

a

5
0

15

a

10

a

5
0

H. pylori

Non

H. pylori

Non

AGS

D

GES-1

Blank
Control
miR-30d mimic

25

30

20

25

15

a

10

0

a

15
10

a

5

20

a

5

H. pylori

Non

0

H. pylori

Non

AGS

GES-1

Figure 2 Mir-30d mimic represses autophagy in response to Helicobacter pylori infection in AGS and GES-1 cell lines. A: mir-30d expression in AGS and
GES-1 cells with or without H. pylori infection at 48 h after mir-30d mimic transfection. Results shown as mean ± SD, aP < 0.05 vs control; B: The protein levels of
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that GFP-LC3 puncta significantly increased in AGS
and GES-1 cells infected with H. pylori as compared
with non-infected cells. Nevertheless, mir-30d inhibitor
significantly increased GFP-LC3 positive puncta in both
cell types (P < 0.05, oligos transfected cells vs control
cells, Figure 3C).
TEM assay also showed that there was an
increased number of autophagic vacuoles (AV) in H.
pylori infected AGS and GES-1 cells in contrast to noninfected cells at 24 h after H. pylori infection. After
transfection of mir-30d inhibitor into the above cells,
autophagic vacuoles were increased in both cell types
(P < 0.05, oligos transfected cells vs control; Figure
3D).

BECN1, and BNIP3L were detected through qRT-PCR.
In both cell lines (Figure 4D), the mRNA levels of the
above genes were significantly increased by mir-30d
inhibitor compared to control oligos.

Mir-30d increases intracellular survival of H. pylori in
AGS cells through inhibition of autophagy

H. pylori invasion of gastric epithelial cells has
[24,26-28]
been reported previously
. To evaluate the
number of live internalized H. pylori cells, AGS
cells were pretreated with PBS (as control), DMSO,
autophagy inhibitor (3-MA), autophagy activators
(starvation or rapamycin), mir-30d mimic, and mir30d inhibitor, respectively, and then, a gentamicin
protection assay was performed. The number of H.
pylori CFU was increased approximately 10-fold 24
h after infection compared with 3 h of infection in all
examined groups, indicating that internalized H. pylori
underwent replication. Subsequently, the number of
CFU decreased after 24 h in all groups (Figure 5A).
However, compared with control (PBS) and DMSO
groups, the number of CFU was obviously higher in
mir-30d mimic and autophagy inhibitor 3-MA groups
and lower in mir-30d inhibitor and autophagy activator
(starvation or rapamycin) groups at all time points
during a 60 h experiment (Figure 5A). The results
from different treatments 24 h after infection with H.
pylori are plotted in Figure 5B. These findings suggest
that inhibition of autophagy increased the intracellular
survival of H. pylori in AGS cells.

Mir-30d suppresses the expression of multiple core
autophagy proteins in gastric epithelial cells

Previously, it was found that mir-30d inhibited the
autophagy process in ovarian cancer and breast
cancer cell lines by directly targeting multiple genes
of the autophagy pathway, including BECN1, BNIP3L,
[25]
ATG12, ATG5 and ATG2 . To test the effect of mir30d inhibition on gastric epithelial cells infected with
H. pylori, we prepared reporter plasmids containing
wild type or mutant mir-30d binding sites from 3′
untranslated region (UTR) of target genes (ATG2B,
ATG5, ATG12, BECN1 and BNIP3L) for luciferase
activity assay. Co-transfection of luciferase reporter
plasmids and mir-30d mimic or control oligos showed
that mir-30d potently decreased the luciferase activity
of wild type reporter plasmids that represented all
five target genes examined (ATG2B, ATG5, ATG12,
BECN1, and BNIP3L), whereas it had no effect on the
mutant reporter plasmids (Figure 4A). Perhaps mir30d suppressed autophagy pathway gene expression
by binding to its binding site within the 3′UTR of the
target genes in a sequence-specific manner.
To further validate the repression of mir-30d on
targeted autophagic genes in the autophagy pathway,
mir-30d mimics were transfected in AGS and GES-1
cells, and target gene expression was analyzed with
qRT-PCR. The mRNA levels of ATG2B, ATG5, ATG12,
BECN1, and BNIP3L were remarkably suppressed
by mir-30d mimic transfection compared with mimic
control transfected in both AGS and GES-1 cells (Figure
4B). Similar results were obtained using western blots
to detect the protein levels of these mir-30d potential
targets in the above mir-30d mimic or control mimic
treated cells. The protein levels for ATG2B, ATG5,
ATG12, BECN1, and BNIP3L were reduced by mir30d mimic transfection (Figure 4C). These results
suggested that mir-30d regulated these autophagic
genes at both the mRNA and protein level.
A loss of function experiment was applied with
the mir-30d inhibitor. When endogenous mir-30d
expression was blocked in the above cell lines (AGS
and GES-1), the mRNA levels of ATG2B, ATG5, ATG12,
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DISCUSSION
H. pylori is a common phenomenon worldwide,
reaching nearly one-half of the world’s population.
Chronic H. pylori infection is etiologically linked to
gastric adenocarcinoma, especially non-cardia type
(63% of all stomach cancer or 25% of cancers
[29]
are associated with infectious etiology) . These
discoveries highlight the importance of basic research
and clinical research on H. pylori infection and
treatment. As resistance to the current proton pump
inhibitor-based triple regimens or second-line therapies
for the eradication of H. pylori continue to grow, so will
the need to search for novel approaches.
It is known that varied autophagy is related to
[6]
persistent H. pylori infection. Chu and colleagues
found that rapamycin, an inducer of autophagy,
increased the clearance of H. pylori. However, they
also found that many coccoid forms of H. pylori
occurred on the membrane of the infected AGS cells.
Autophagic vesicles were induced and their maturation
[7]
was arrested with rapamycin , but it was not clear if H.
pylori strains were killed inside the autophagic vesicles,
[30]
as Amano et al had indicated previously.
The role of autophagy in cancer development is
important. Autophagy may be tumor-suppressing
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Figure 4 Multiple core proteins in the autophagy pathway are direct targets of mir-30d in gastric epithelial cells. A: Luciferase reporter assay with plasmids
bearing wild type or mutant 3′UTR binding sites of mir-30d in AGS cells with mir-30d mimic or control oligos. Luciferase activity of mir-30d mimic transfected cells was
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ATG2B, ATG5, ATG12, BECN1, and BNIP3L in two cell lines with or without mir-30d inhibitor transfection. Results are shown as mean ± SD, aP < 0.05 vs control.

upregulated in both cell lines after H. pylori infection,
but upregulation of mir-30d significantly inhibited this
process. In contrast, when mir-30d expression was
blocked by mir-30d inhibitor, autophagy was obviously
increased by downregulation of mir-30d. Mir-30d also
repressed the autophagy process by directly targeting
multiple core genes (ATG2B, ATG5, ATG12, BECN1,
and BNIP3L). A gentamicin protection assay indicated
that inhibition of autophagy increased the intracellular
survival of H. pylori in AGS cells.
Although overexpression of mir-30d could decrease
autophagy by inhibiting the expression of multiple core
genes of the autophagy pathway in gastric epithelial
cells, the regulation event might have happened after
H. pylori-induced autophagy. Moreover, downregulation
of autophagy by mir-30d may not be sufficient to
block the autophagy induced by H. pylori. In assayed
AGS and GES-1 cells with exogenously added mir-30d
mimic, autophagy in H. pylori infection was more than
that in uninfected cells (Figure 2B, C and D). Given the
complexity of H. pylori infection in vivo, other factors
may also contribute to autophagy inhibition. As one
of the factors, overexpression of mir-30d may slightly
continue to inhibit autophagy pathway for a long time,
leading to subversion of host autophagic responses for
their survival or growth.
Based on the above results, we concluded that
repression of autophagy by mir-30d may help
intracellular H. pylori evade autophagic clearance
through targeting ATG2B, ATG5, ATG12, BECN1, and
BNIP3L. These findings provide a novel molecular
mechanism for persistent H. pylori occupancy. Although
much remains to be studied on the regulation of
autophagy in gastric cancer, the current study provides
a promising target for gastric cancer prevention. We
suggest that enhanced autophagy by mir-30d inhibition
may be protective against H. pylori-related gastric
cancer.

during the early stages of tumorigenesis, as reduced
expression of autophagy proteins was shown to
contribute to the development or progression of
[31-33]
human breast and other cancers
. Sometimes,
[25]
however, autophagy promotes cancer development .
In this case, downregulation of autophagy may benefit
the intracellular survival of H. pylori, and induction
of autophagy may be beneficial indirectly for cancer
prevention.
Recently, miRNAs were demonstrated to play a
crucial role in autophagy regulation, such as mir30a, mir-30b, mir-17/20/93/106, mir-204, and mir[15,26,34-36]
[15]
10b
. Tang et al
found that compromised
autophagy by mir-30b led to a failure to clear
intracellular H. pylori, resulting in persistent H. pylori
infection and proliferation in the host cells. Kobayashi
[37]
et al
suggested that mir-30d is a prognostic maker
for prostate cancer. Our previous study showed that
mir-30d regulated the autophagy process by directly
targeting multiple autophagic genes in the autophagy
[25]
pathway .
In this study, we confirmed a hypothesis that mir30d could inhibit autophagy in gastric epithelial cells
induced by H. pylori invasion by down-regulating
autophagy-related gene expression, resulting in
increased H. pylori intracellular survival. The results
obtained from GFP-LC3 puncta assay, TEM, and
western blot demonstrated that autophagy could
be induced in AGS and GES-1 cells in response to
H. pylori infection. The expression of mir-30d was
upregulated in both cells after H. pylori infection in
our experiments. This event appeared to be unique to
H. pylori infection, but it must be repeated with other
pathogens to demonstrate its specificity. Study on mir30b found that infection with other pathogens (E. coli
DH5α and O157:H7) or autophagy modulators (e.g.,
rapamycin and 3-methyladenine) had no effect on
[15]
mir-30b expression . We found that autophagy was
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Applications

Preventive measures for gastric cancer must
include tertiary prevention and effective treatment of
H. pylori infections. The long-term decline in gastric
cancer mortality in developed countries has resulted, in
part, from interrupting H. pylori transmission through
provision of improved basic sanitation, housing, and
socioeconomic status. However, secondary prevention
may be attempted where simple diagnostic tests,
follow-up treatment (urea breath test), and effective,
short-term eradication treatment are available to
[38]
mitigate individual risk .
In summary, our report indicates a novel molecular
mechanism for the inhibition of autophagy by mir30d by increasing the intracellular survival of H.
pylori. Although a detailed mechanism for H. pylori
persistence remains to be elucidated, the present
study establishes a basis that will be helpful for future
evaluation of mir-30d in H. pylori infections.

These findings may provide a novel mechanism for elucidating persistent
H. pylori infection, and it appears to provide a promising target for gastric
cancer prevention. Although the mechanism of H. pylori infection persistence
remains to be fully determined, the present study provides the basis for future
evaluations of mir-30d in H. pylori infections.

Terminology

Autophagy, which is present in cells at a low level basally, is an evolutionarily
conserved process for delivering cellular materials and organelles to lysosome
for degradation within double-membraned vacuoles, called autophagosomes.
Autophagy is also regarded as one of the innate immunity effectors against
intracellular bacterial infection.

Peer-review

This is a very good study on mir-30d and H. pylori in gastric epithelial cells. Mir30d was shown to inhibit multiple core proteins in the autophagy pathway. The
link between mir-30d in gastric cancer and H. pylori is novel, as no other study
has indicated previously this relationship in the literature.
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Abstract
AIM: To investigate the mechanism of calcyclin binding
protein/Siah-1 interacting protein (CacyBP/SIP) nuclear
translocation in promoting the proliferation of gastric
cancer (gc) cells.

Institutional review board statement: The study was reviewed
and approved by General Hospital of Ningxia Medical University
Review Board.

METHODS: The effect of CacyBP/SIP nuclear trans
location on cell cycle was investigated by cell cycle
analysis. Western blot analysis was used to assess the
change in expression of cell cycle regulatory proteins
and proteasome-mediated degradation of p27Kip1. Coimmunoprecipitation (co-IP) analysis was performed
to examine the binding of CacyBP/SIP with Skp1. A
CacyBP/SIP truncation mutant which lacked the Skp1
binding site was constructed and fused to a fluorescent
protein. Subsequently, the effect on Skp1 binding
with the fusion protein was examined by co-IP, while
localization of fluorescent fusion protein observed by
confocal laser microscopy, and change in p27Kip1
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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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[2]

protein expression assessed by Western blot analysis.

later identified as a Siah-1 interacting protein (SIP) .
SIP, a component of ubiquitin-mediated proteolysis,
binds the Skp1-Cul1-F box protein complex, thus
called CacyBP/SIP.
Further investigations showed that CacyBP/SIP could
bind other S100 proteins, including S100A1, S100A12,
[3]
S100B, and S100P , which are the members of EF2+
hand Ca -binding proteins. Meanwhile, CacyBP/SIP
[2]
can also bind other target proteins including Skp1 ,
[4]
[5]
tubulin and ERK1/2 . Functionally, some reports have
suggested the role of CacyBP/SIP in cellular processes
such as ubiquitination, proliferation, differentiation,
tumorigenesis, cytoskeletal rearrangement, and regu
lation of transcription. Most of all, CacyBP/SIP was found
to be closely associated with the malignant phenotypes
[6,7]
[8]
of gastric cancer (gc) , renal cancer , pancreatic
[9]
[10]
cancer , as well as breast cancer . However, the
exact function of CacyBP/SIP has not been clarified.
[2]
Matsuzawa et al were the first to report that
CacyBP/SIP is a component of the ubiquitin pathway.
P53 induces β-catenin degradation through the Siah1-CacyBP/SIP-SCF (Skp1/Cullin1/F-box) complex
pathway, in which CacyBP/SIP exerts its function by
associating with Skp1. An additional study showed that
defects in G1 arrest led to an increase in embryonic
-/[11]
fibroblast growth rate in SIP mice . Recently, it was
shown that CacyBP/SIP could regulate the glucose
[12]
limitation-induced p27 degradation .
Our laboratory was the first to show that CacyBP/
SIP was involved in the multidrug resistance capacity
[13,14]
of gc cells
. In our previous studies, CacyBP/
SIP expression profile in a broad range of normal
and malignant human tissues was analyzed by
immunohistochemistry (IHC) analysis using an antiCacyBP/SIP monoclonal antibody first produced in our
[15]
laboratory . Weak staining was observed in various
normal tissues. However, CacyBP/SIP was ubiquitously
detected in most tumor tissues, especially in gc
[16]
tissues . A subsequent study showed that CacyBP/
SIP could translocate into the nucleus after induction
[17]
with gastrin . However, the functional role of CacyBP/
SIP nuclear translocation in gc cells remains unclear.
In the present investigation, the role of CacyBP/
SIP nuclear translocation in gc cells was studied. Our
results indicate that CacyBP/SIP nuclear translocation
promotes G1 phase progression by stimulating ubiquitinmediated degradation of p27Kip1.

RESULTS: CacyBP/SIP nuclear translocation induced
by gastrin promoted progression of gc cells from G1
phase. However, while CacyBP/SIP nuclear translocation
was inhibited using siRNA to suppress CacyBP/SIP
expression, cell cycle was clearly inhibited. CacyBP/SIP
nuclear translocation significantly decreased the level of
cell cycle inhibitor p27Kip1, increased Cyclin E protein
expression whereas the levels of Skp1, Skp2, and
CDK2 were not affected. Upon inhibition of CacyBP/SIP
nuclear translocation, there were no changes in protein
levels of p27Kip1 and Cyclin E, while p27Kip1 decrease
could be prevented by the proteasome inhibitor MG132.
Moreover, CacyBP/SIP was found to bind to Skp1 by
immunoprecipitation, an event that was abolished
by mutant CacyBP/SIP, which also failed to stimulate
p27Kip1 degradation, even though the mutant could
still translocate into the nucleus.
CONCLUSION: CacyBP/SIP nuclear translocation con
tributes to the proliferation of gc cells, and CacyBP/
SIP exerts this effect, at least in part, by stimulating
ubiquitin-mediated degradation of p27Kip1.
Key words: Calcyclin binding protein/Siah-1 interacting
protein; Gastric cancer; Cell cycle; P27kip1; Ubiquitin
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Calcyclin binding protein/Siah-1 interacting
protein (CacyBP/SIP) is a component of the ubi
quitination pathway. Our study showed that defects
in G1 arrest led to an increase in embryonic fibroblast
-/growth rate in SIP mice, and CacyBP/SIP could
promote G1/S transition of pancreatic cancer cells and
regulate the glucose limitation-induced p27 degradation.
In gastric cancer (gc) tissue, CacyBP/SIP was identified
to be expressed in the nuclei and could translocate into
the nucleus after induction with gastrin and promote cell
proliferation; however, the mechanism remains unclear.
In the present investigation, the mechanism of CacyBP/
SIP nuclear translocation in promoting the growth of gc
cells was studied.
Niu YL, Li YJ, Wang JB, Lu YY, Liu ZX, Feng SS, Hu JG,
Zhai HH. CacyBP/SIP nuclear translocation regulates p27Kip1
stability in gastric cancer cells. World J Gastroenterol 2016;
22(15): 3992-4001 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i15/3992.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i15.3992

MATERIALS AND METHODS
Cell culture, reagents, and treatment of cells

The human gc cell line SGC7901 (derived from poorly
differentiated adenocarcinoma) was obtained from
China Cell Resource Center of Academy of Life Sciences
(Shanghai). Cells were cultured in RPMI 1640 (HyClone,
Logan, UT) supplemented with 10% FBS (Sijiqing,
China), penicillin (100 units/ml) and streptomycin (100
μg/ml). Stably transfected SGC7901-CacyBP/SIPsi

INTRODUCTION
Calcyclin binding protein (CacyBP) was originally
discovered in Ehrlich ascites tumor cells and mouse
[1]
brain as a calcyclin (S100A6) target protein , and
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cells were cultured in RPMI 1640 medium containing
10% FBS and 200 μg/ML G418 (Invitrogen, Carlsbad,
CA). Nocodazole (Alexis Corporation, Switzerland) was
added to the culture medium at 0.2 μg/mL to freeze
cell cultures in mitosis. Gastrin (Sigma, St. Louis,
MO) was dissolved in RPMI 1640 and used for cell
treatment.

PER nuclear and cytoplasmic extraction kit. Then
salts were removed from the nuclear extract using
the Pierce Slide-A-Lyzer MINI Dialysis Unit (Pierce
Biotechnology, Rockford, IL). The supernatant was
collected and total protein (300 μg) was used for
immunoprecipitation. The supernatant was incubated
at 4 ℃ for 2 h with 1 μg of monoclonal anti-CacyBP/
SIP or anti-GFP (Sigma Chemical, St. Louis, MO) and
40 μL of 25% protein A/G agarose slurry. The protein
A/G agarose was recovered by centrifugation at 5000
rpm and washed four times with ice-cold lysis buffer.
Proteins were eluted with 20 μL of SDS loading buffer
by boiling for 5 min and subjected to immunoblot
analysis with anti-Skp1 antibodies.

Cell cycle analysis

Cells were plated at a density of 50000 cells/well in 2
mL of complete RPMI1640 media in 6-well plates and
allowed to grow for 24 h until 60%-70% confluence.
To achieve synchronization, cells were starved in
serum-free medium for 24 h. Upon return to regular
growth medium, cells were treated or untreated with
-8
10 mol/L gastrin. After 48 h of culture, cells were
fixed overnight in 70% ethanol at 4 ℃, and then resuspended in a buffer containing propidium iodide (PI).
After 30 min of incubation, cells were subjected to DNA
content analysis by flow cytometry (Coulter EPICS XL)
using CellQuest software. This cell cycle analysis was
performed in three independent experiments.

Construction and transfection

The cDNA coding for full-length human CacyBP/SIP
was generated from the plasmid pET28-CacyBP/
[14]
SIP constructed and described previously . The
cDNA was generated by PCR amplification using the
following primers: a forward primer containing a Pst I
site, 5’-aactgcagtcATGGCTTCAGAAGAGCTACAGA-3’,
and a reverse primer with a BamH I site, 5’-cgggatcc
TCAAAATTCCGTGTCTCCTTTG-3’. The PCR product
was sub-cloned into the pEGFP/C1 vector (Invitrogen,
Carlsbad, CA) using Pst I and BamH I, producing a
fusion protein pEGFP/C1-CacyBP/SIP.
The cDNA encoding a truncated form of CacyBP/SIP
(1-72) (i.e., the N-terminal fragment of CacyBP/SIP
containing residues 1-72) was derived from the full-length
human CacyBP/SIP gene in plasmid pET28-CacyBP/SIP.
This cDNA was generated by PCR amplification with the
following primers: a forward primer with a Pst I site,
5’-aactgcagtcATGGCTTCAGAAGAGCTACAGA-3’; and
a reverse primer with a BamH I site, 5’-cgggatcctca
CGTATAGCCCGTTGTAATGGG-3’. The PCR product was
sub-cloned into the pEGFP/C1 vector using Pst I and
BamH I, producing a fusion protein pEGFP/C1-CacyBP/
SIP (1-72).
Stably-transfected gc cells SGC7901-CacyBP/SIPsiRNA were described previously and used in later
[17]
experiments . Cell transfection was performed
2000
with Lipofectamine
(Invitrogen, Carlsbad, CA) as
described in the manufacturer’s protocol. For transient
transfection of pEGFP/C1, pEGFP/C1-CacyBP/SIP or
pEGFP/C1-CacyBP/SIP (1-72), cells were harvested
for further experiments after 48 h of transfection.
Cells were harvested at different time points (0, 4,
8, 12, and 24 h) for Western blot, cell cycle analysis,
co-immunoprecipitation (co-IP), and confocal laser
microscopy (Bio-Rad Laboratories, United States).

Western blot analysis

Treated and untreated cells were lysed in 300 μL
of freshly prepared extraction buffer [1% SDS, 1
mmol/L Na3VO4, 150 mmol/L NaCl, 0.1 mol/L Tris
(pH 7.4)]. To distinguish cytosolic from nuclear
CacyBP/SIP, cell fractions were extracted using the
NE-PER nuclear and cytoplasmic extraction kit (Pierce
Biotechnology, Rockford, IL). Proteins were resolved
at 40 μg/lane on 12% SDS-polyacrylamide gels
and electrophoretically transferred to polyvinylidene
difluoride membranes (Millipore, Bedford, MA) for
20-50 min at 20 V. Membranes were incubated at 4 ℃
overnight with one of the following primary antibodies:
monoclonal antibodies against CDK2 (1:100), Cyclin E
(1:100), Skp1 (1:100) and p27Kip1 (1:200) (all from
NeoMarkers, United States); polyclonal antibodies
against Skp2 (1:1000) and PARP (1:1000) (all
from Cell Signaling Technology, Boston, MA); and
monoclonal antibodies against CacyBP/SIP (1:1000)
and β-actin (1:2000) (Sigma Chemical, St. Louis, MO).
Membranes were then incubated with anti-mouse IgG
or anti-rabbit IgG (Amersham Biosciences, Piscataway,
NJ) and were detected by SuperSignal West Pico
Chemiluminescent Substrate (Pierce Biotechnology
Inc., Rockford, IL). For each Western blot result, at
least three independent experiments were conducted,
and representative images are shown.

Immunoprecipitation assays

Statistical analysis

For immunoprecipitation, lysates were obtained from
untreated or treated gc cells. When the cells had
reached approximately 80% confluence, the cell layer
was washed with ice-cold phosphate-buffered saline
(PBS). Nuclear extracts were prepared using the NE-
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Bands from Western blots were quantified with
Quantity One software (Bio-Rad). Relative protein
levels were calculated by comparing absolute protein
levels to the amount of β-actin. Numerical data are
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SGC7901
Control

Gastrin

1d
(%)

G0/G1 67.6
S 20.4
G2/M 12

G0/G1 66.4
S 17.2
G2/M 16.4

2d
(%)

G0/G1 69.3
S 17.6
G2/M 13.1

G0/G1 66.6
S 21.7
G2/M 11.7

Figure 1 Gastrin-stimulated translocation of calcyclin binding protein/Siah-1 interacting protein into nucleus decreases the number of SGC7901 gastric
cancer cell in the G0-G1 phases of the cell cycle. Cells were treated with gastrin (10-8 mol/L) for the indicated times and cell cycle variables were investigated by
flow cytometry after propidium iodide (PI) staining. Data are presented as mean ± SD (n = 3), and graphs shown are representative of the three experiments.

Effects of CacyBP/SIP nuclear translocation on cell
cycle regulatory proteins

presented as mean ± SD. Calculation of the difference
between means was performed by ANOVA and then a
post-hoc test. All statistical analyses were performed
using SPSS software (version 11.0; Chicago, IL, United
States). Differences with p < 0.05 were considered
statistically significant.

To correlate the effect of CacyBP/SIP on cell cycle
progression with some molecular effectors of the
restriction point, SGC7901 cells were treated with
nocodazole for 15 h to synchronize cells in G2-M
phase. After nocodazole was washed away, cells were
incubated in fresh serum-free media in the presence or
absence of gastrin. From 4 to 24 h, gastrin treatment
-8
(10 mol/L for 0, 4, 8, 12, or 24 h) induced an increase
in the amount of Cyclin E protein, whereas the levels
of Skp1, Skp2, and CDK2 were not affected (Figure
3). Conversely, a significant decrease in the level of
p27Kip1 protein was detected during the first 8 h of
treatment.
Furthermore, SGC7901-CacyBP/SIPsi1 cells were
also synchronized in G2-M phase with nocodazole.
After stimulation by gastrin, no change in protein levels
of p27Kip1 or Cyclin E was observed in SGC7901CacyBP/SIPsi1 (Figure 4).

RESULTS
Effect of CacyBP/SIP nuclear translocation on cell cycle
in GC cells

The effect of CacyBP/SIP nuclear translocation on cell
cycle phase distribution was investigated in SGC7901
-8
cells with or without 2-d exposure to gastrin (10 mol/
L). After 2 d of culture, 69.70% ± 0.46% of untreated
and 65.80% ± 0.60% of gastrin-treated SGC7901
cells were observed in the G1 peak. The analysis
showed that the G1 phase of gastrin-treated cells was
shorter than that of untreated cells (P = 0.008; Figure
1).
Cells stably transfected with SGC7901-CacyBP/
SIPsi1 which inhibited CacyBP/SIP expression to
reduce the nuclear translocation of CacyBP/SIP were
chosen for cell cycle assay. After 2 d of treatment,
71.09% ± 0.16% of untreated and 70.86% ± 0.25%
of gastrin-treated SGC7901-CacyBP/SIPsi1 cells were
observed in the G1 peak. Cell cycle analyses showed
that no change was evident in the percentage of cells
in G0-G1 phase in either cell line, whether untreated
or treated with gastrin (P = 0.101; Figure 2).

WJG|www.wjgnet.com

Proteasome-mediated degradation of p27Kip1 in GC
cells

Our results shown in Figure 3 prompted us to inves
tigate the mechanism of the decrease in p27Kip1 in
more detail. It is well known that low p27Kip1 levels
are attributed to increased rates of proteasomemediated degradation. With this in mind, we studied
the effect of CacyBP/SIP on p27Kip1 in the presence
of the 26S proteasome inhibitor MG132. As shown in
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SGC7901-CacyBP/SIPsi
Control

Gastrin

1d
(%)

G0/G1 68.8
S 21.6
G2/M 9.6

G0/G1 70.3
S 17.5
G2/M 12.2

2d
(%)

G0/G1 71.3
S 14.7
G2/M 14

G0/G1 70.5
S 18.6
G2/M 10.9

Figure 2 Treatment with gastrin increases the number of SGC7901-calcyclin binding protein/Siah-1si1 cells in the G0-G1 phases of the cell cycle. Cells
were treated with gastrin (10-8 mol/L) for the indicated times and cell cycle variables were investigated by flow cytometry. Data are presented as mean ± SD (n = 3),
and graphs shown are representative of the three experiments.

4h
0h

+

-

SGC7901
8h
12 h
+
+
-

24 h
+
-

4h
KDa

Skp1

19

Skp2

48

cdk2

33

CyclinE

50

kip1

27

β-actin

43

P27

0h

-

24 h
+
-

KDa

kip1

27

CyclinE

50

β-actin

43

P27

Figure 4 No change in protein levels of p27Kip1 and Cyclin E was
observed in SGC7901-calcyclin binding protein/Siah-1si1 cells in which
expression of calcyclin binding protein/Siah-1 was silenced. Cells were
synchronized in G2-M phase with nocodazole for 15 h and nocodazole was
removed by washing; and then cells were incubated in fresh medium with (+)
or without (-) gastrin (10-8 mol/L). Different blots with the same samples were
detected with the indicated antibodies: Cyclin E, p27Kip1, and β-actin as an
internal control.

Figure 3 Effects of calcyclin binding protein/Siah-1 on cell cycle regulatory
proteins. Cells were synchronized in G2-M phase with 0.2 µg/mL nocodazole
for 15 h and nocodazole was removed by washing; cells were then incubated
in fresh medium with (+) or without (-) gastrin for the indicated times. After
treatment, cellular lysates were prepared and loaded per lane. Different blots
with the same samples were detected with the indicated antibodies: Cyclin
E, CDK2, p27Kip1, Skp1, Skp2, and β-actin as an internal control. Gastrin
treatment induced an increase in the amount of Cyclin E protein and a decrease
in the level of p27Kip1 protein during the first 8 h of treatment, whereas the
levels of Skp1, Skp2, and CDK2 were not affected.

CacyBP/SIP promotes proteasome-dependent
degradation of p27Kip1 in GC cells through interaction
with the SCF component Skp1

Additionally, we examined whether degradation
of p27Kip1 is also associated with changes in ubi
quitination. P27Kip1 is the primary target of the SCF
complex, which is involved in the proteolysis of core
components of the cell cycle machinery. Recently,
based on a domain mapping study, the central region
of CacyBP/SIP was confirmed to interact with Skp1,

Figure 5, CacyBP/SIP nuclear translocation markedly
decreased the stability of p27Kip1. Pre-incubation of
growing cells with MG132 prevented p27Kip1 removal,
which confirmed that the degradation of p27Kip1 in GC
cells requires proteasome-mediated systems.
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Figure 6 Physical interactions between Skp1 and calcyclin binding protein/
Siah-1 in SGC7901 cells. Nuclear protein extracts from gastric cancer cells treated
with 10-8 mol/L gastrin were immunoprecipitated with calcyclin binding protein/
Siah-1 (CacyBP/SIP) MAb or control IgG. Immune complexes were analyzed by
immunoblotting using an anti-Skp1 antibody with ECL-based detection.

Figure 5 Proteasome-mediated degradation of p27Kip1 in gastric cancer
cells. Western blot analysis of p27Kip1, Cyclin E and β-actin in cells 4, 8, 12,
and 24 h after treatment with 10-8 mol/L gastrin in the absence or presence of
MG132 (5 mmol/L, 15 min pre-treatment and co-treatment with gastrin).
[2]

[18-21]

the adaptor protein of the SCF complex . Therefore,
we explored whether CacyBP/SIP could bind Skp1
to trigger the degradation of p27Kip1. The nuclear
fractions of cell lysates were immunoprecipitated
with anti-CacyBP/SIP, and the immunoprecipitated
complexes were analyzed by anti-Skp1 immu
noblotting. As shown in Figure 6, CacyBP/SIP bound
to Skp1 after exposure to gastrin in SGC7901 cells, in
agreement with the cyclical proteasomal degradation
of p27Kip1.
To explore the possibility that CacyBP/SIP increased
the degradation of p27Kip1 through interaction
with Skp1, a truncated form of CacyBP/SIP was
constructed. CacyBP/SIP (1-72), the N-terminal frag
ment of CacyBP/SIP which deleted the binding site
with Skp1, was constructed and fused into pEGFP/C1.
To exclude any interference from internal CacyBP/SIP
in GC cells, SGC7901-CacyBP/SIPsi cells in which
the expression of CacyBP/SIP was suppressed were
used for the latter experiment. In SGC7901-CacyBP/
SIPsi cells, transiently transfected pEGFP/C1-CacyBP/
SIP (1-72), the truncated protein was capable of
translocating into the nucleus after gastrin induction
(Figure 7). However, CacyBP/SIP (1-72) abolished
interactions with Skp1 as assessed by co-IP assays
(Figure 8). In contrast, no change was detected in
the protein level of p27Kip1 after gastrin induction
(Figure 9). The diagram containing the interaction and
mechanism of gastrin, CacyBP/SIP, P27kip1 and Skp1
in gastric cancer is shown in Figure 10.

prostaglandin E2, and hypoxia
. A previous study
also found that CacyBP/SIP could translocate into the
nucleus after induction with gastrin and promote the
[17]
proliferation of gc cells . However, the mechanism
underlying this observation is unclear.
[11]
The study by Fukushima et al
was the first
to identify the potential function of CacyBP/SIP in
thymocyte development and G1 checkpoint. The
-/authors observed that SIP embryonic fibroblasts
showed a growth-rate increase resulting from defects
in G1 arrest. Another study determined that CacyBP/
SIP could promote proliferation and G1/S transition
[9]
of human pancreatic cancer cells . In our study, cell
cycle analysis showed an increase in the number of
cells in S phase at the expense of those in G1 phase.
[17]
This result is consistent with previous findings .
In eukaryotic cells, progression of the cell cycle
is controlled by a series of cyclin-dependent kinases
(CDKs). The transition from G1 to S is regulated mainly
by the G1-specific kinases, consisting of CDK2 and
Cyclin E, which are controlled by a regulatory molecule,
p27Kip1, the CDK inhibitor. P27Kip1 normally partners
with Cyclin E/CDK2 and inhibits CDK2 activity. When
p27Kip1 is phosphorylated at Thr187 and targeted
Skp2
for ubiquitin-dependent proteolysis by SCF , CDK2/
Cyclin E is released, allowing the transition of cells
[22]
from G1 to S phase . In the present study, we found
that CacyBP/SIP nuclear translocation induced by
gastrin was accompanied by decreased p27Kip1 and
elevated Cyclin E protein levels. However, the level
of cell cycle regulator p27Kip1 did not change when
CacyBP/SIP nuclear translocation was reduced. These
results indicate that the decreased level of p27Kip1,
which led to the progression from G1 to S phase in gc
cells, is the result of CacyBP/SIP nuclear translocation.
Recently, it was shown that CacyBP/SIP could
regulate the glucose limitation-induced p27Kip1
[12]
degradation . We supposed that CacyBP/SIP nuclear
translocation affected the degradation of p27Kip1. It
is widely accepted that the deregulation of p27Kip1
expression in human tumors is often due to post[23]
transcriptional mechanisms . Phosphorylation
and ubiquitination are the two major types of posttranslational protein modifications at work in the cell

DISCUSSION
CacyBP/SIP nuclear translocation has been suggested
as a promoter of gc, but the mechanism remains
[17]
unknown . In this study, we examined the interaction
of CacyBP/SIP nuclear translocation and p27Kip1
in gc cells. Our results suggested that CacyBP/SIP
nuclear translocation promotes gc cell growth through
enhancing the ubiquitin-mediated degradation of
p27Kip1.
Our previous studies showed that CacyBP/SIP could
translocate to the nucleus in colon cancer cells upon
stimulation with KCl, gastrin, epidermal growth factor,
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Gastrin

A

B

C

D

E

F

pEGFP/C1

pEGFP/C1CacyBP/SIP

pEGFP/C1CacyBP/SIP
(1-72)

Figure 7 Immunofluorescent localization of calcyclin binding protein/Siah-1 (1-72) in SGC7901-calcyclin binding protein/Siah-1si cells. SGC7901-CacyBP/
SIPsi cells were transfected with pEGFP/C1 vector, producing either GFP-tagged CacyBP/SIP or CacyBP/SIP (1-72) lacking the 155 central and C-terminal amino
acids. Cells transfected with GFP-tagged pEGFP/C1 lacking a cDNA insert served as controls. Transfectants were treated or untreated with gastrin (10-8 mol/L), and
EGFP fluorescence was analyzed under a confocal laser microscope. A, C, E: Unstimulated cells; B, D, F: Cells 8 h after gastrin stimulation.
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IP SGC7901-CacyBP/SIPsi
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SIP
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P27
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Figure 8 Interaction between Skp1 and calcyclin binding protein/Siah-1 (1-72)
in SGC7901-calcyclin binding protein/Siah-1si transfected with pEGFP/C1calcyclin binding protein/Siah-1 (1-72). Nuclear protein extracts from cells
transfected with pEGFP/C1-CacyBP/SIP or pEGFP/C1- CacyBP/SIP (1-72) after
treatment with 10-8 mol/L gastrin were immunoprecipitated with anti-GFP antibody
or control IgG. Immune complexes were analyzed by immunoblotting using an antiSkp1/GFP antibody with ECL-based detection. CacyBP/SIP: Calcyclin binding
protein/Siah-1 interacting protein.
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kip1

4

PARP

Figure 9 Lysates of the transfected cells were harvested for Western
blot analysis 0, 4, 12, 24, and 48 h after treatment with gastrin (10-8 mol/
L). Equal amounts of cellular protein (40 μg) were subjected to SDS-PAGE,
followed by Western blot analysis for p27Kip1. PARP was used as a nuclear
protein loading standard.
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Figure 10 Interaction of gastrin, CacyBP/SIP, P27kip1 and Skp1 in gastric cancer.

cycle. We know that low p27Kip1 levels in tumors
are attributed to increased rates of proteasome[24]
mediated degradation . Our study showed that
treatment with proteasome inhibitors such as MG132
restored p27Kip1 expression levels. Therefore we posit
that decrease in p27Kip1 in gc cells is the result of
proteasome-mediated degradation.
Studies have shown that p27Kip1 is the target of
the SCF complex of E3 ubiquitin ligases. The Skp1Cul1-F-box protein (SCF) complex is responsible for
the specific ubiquitination of many regulators, and
plays an integral role in regulating the G1/S phase
[25]
transition in mammalian cells . The SCF complex
targets p27Kip1 for degradation through the F-box
[26,27]
protein and Skp2
. Our results showed that the
protein levels of Skp1 and Skp2 were unchanged when
the level of p27Kip1 decreased. These results indicate
that the decrease in p27Kip1 is not associated with the
elevated activity of SCF.
CacyBP/SIP has been reported to bind Skp1, which
led us to speculate that CacyBP/SIP was induced by
gastrin to translocate to the nucleus, where it binds
to Skp1 in order to promote p27Kip1 degradation.
Our further experiments confirmed this hypothesis.
Using Co-IP assays, we found that CacyBP/SIP could
interact with Skp1, which is consistent with reports
[2]
from other studies . The central and the C-terminal
truncated CacyBP/SIP mutant, in which the Skp1
binding site was deleted, was unable to induce any
change in p27Kip1 levels, although it still translocated
to the nucleus upon gastrin stimulation. Therefore, our
results suggest that CacyBP/SIP nuclear translocation
promotes proliferation of gc cells, at least in part,
due to enhanced ubiquitin-mediated degradation of
p27Kip1.
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In conclusion, the present study provides evidence
that CacyBP/SIP nuclear translocation stimulates the
progression of cell cycle in human gc cells, an effect
that is at least partially mediated by enhancing the
ubiquitin-mediated degradation of p27Kip1.
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Calcyclin binding protein (CacyBP) was originally discovered as a calcyclin
(S100A6) target protein, and later as a Siah-1 interacting protein (SIP), a
component of ubiquitin-mediated proteolysis, thus named CacyBP/SIP. It has
been reported that P53 induces β-catenin degradation through the Siah-1CacyBP/SIP-SCF (Skp1/Cullin1/F-box) complex pathway, in which CacyBP/SIP
exerts its function by associating with Skp1. A key study showed that defects in
G1 arrest led to an increase in embryonic fibroblast growth rate in SIP-/- mice.
It was also found that CacyBP/SIP could promote G1/S transition of pancreatic
cancer cells. Recently, it was found that CacyBP/SIP could regulate the glucose
limitation-induced P27 kip1 degradation. The authors’ previous study showed
that CacyBP/SIP could translocate to the nucleus in colon cancer cells upon
stimulation with KCl, gastrin, epidermal growth factor, prostaglandin E2, and
hypoxia. In gastric cancer (gc) tissue, CacyBP/SIP was highly expressed in
the nuclei. Further studies showed that CacyBP/SIP translocated into nucleus
induced by gastrin and promote the proliferation of gc cells. However, the
mechanisms underlying these observations have been unclear. In the present
investigation, the role of CacyBP/SIP nuclear translocation in gc cells was
studied. These results indicate that CacyBP/SIP nuclear translocation promotes
G1 phase progression by enhancing the degradation of p27Kip1.
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CacyBP/SIP nuclear translocation decreased the number of gc cells in the
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G0-G1 phases of the cell cycle through increasing Cyclin E protein and
decreasing p27Kip1 protein expression, whereas the levels of Skp1, Skp2 and
CDK2 were unaffected. Inhibiting CacyBP/SIP nuclear translocation increased
the number of cells in the G0-G1 phases, while no change in protein levels
of p27Kip1 and Cyclin E was observed. Next, the authors studied the effect
of CacyBP/SIP on p27Kip1 in the presence of the 26S proteasome inhibitor
MG132. Pre-incubation with MG132 prevented p27Kip1 removal. The authors
explored whether CacyBP/SIP could bind Skp1 to trigger the degradation of
p27Kip1. Those results showed that CacyBP/SIP indeed bound Skp1. The
authors also constructed CacyBP/SIP (1-72), the N-terminal fragment of
CacyBP/SIP which deleted the binding site with Skp1 and fused it into pEGFP/
C1. Transiently transfected pEGFP/C1-CacyBP/SIP (1-72) truncated protein
was still capable of translocating into the nucleus. However, CacyBP/SIP (1-72)
abolished interactions with Skp1 in co-immunoprecipitation assays. In contrast,
no change was detected in the protein level of p27Kip1 after gastrin induction.
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Innovations and breakthroughs

To explore the role of CacyBP/SIP nuclear translocation in gc cells, effect
of CacyBP/SIP nuclear translocation on cell cycle of gc cells was studied.
These studies showed that CacyBP/SIP nuclear translocation can shorten
G1 phase. Using Western blot to explore the change of cell cycle regulatory
proteins, the authors observed a decrease in p27Kip1 protein. Pre-incubation
with proteasome inhibitor MG132 determined that the degradation of p27Kip1
was mediated by proteasome in gc cells. Using co-IP, the authors found that
CacyBP/SIP promoted proteasome-dependent degradation of p27Kip1 in gc
cells through interaction with the SCF component Skp1.

12

13

Applications

The study provides evidence that CacyBP/SIP nuclear translocation promotes
the proteasome-mediated degradation of p27Kip1 through interaction with the
SCF component Skp1. CacyBP/SIP may be a potential therapeutic target in gc.

14

Peer-review

15

In this study, the authors report the role of CacyBP/SIP nuclear translocation
in GC. The study is technical sound and the results are properly analyzed.
This study was based on the expression of cell cycle proteins such as CDK2,
Cyclin E, Skp1, Skp2 and CacyBP/SIP detected by Western blot with or without
gastrin. CacyBP/SIP was found to bind Skp1 which can trigger the degradation
of P27kip1.
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Abstract
AIM: To evaluate the association between various
lifestyle factors and achalasia risk.

Institutional review board statement: This study was
ethically approved by the Office for Research Ethics Committees
Northern Ireland (ORECNI: 05/NIR02/132).

METHODS: A population-based case-control study
was conducted in Northern Ireland, including n =
151 achalasia cases and n = 117 age- and sexmatched controls. Lifestyle factors were assessed via
a face-to-face structured interview. The association
between achalasia and lifestyle factors was assessed
by unconditional logistic regression, to produce odds
ratios (OR) and 95% confidence interval (CI).

Informed consent statement: Written informed consent was
obtained from all study participants.
Conflict-of-interest statement: No potential conflicts of interest
relevant to this article were reported.
Data sharing statement: For data sharing queries, please
contact the corresponding author.

RESULTS: Individuals who had low-class occupations
were at the highest risk of achalasia (OR = 1.88,
95%CI: 1.02-3.45), inferring that high-class occupation
holders have a reduced risk of achalasia. A history of
foreign travel, a lifestyle factor linked to upper socioeconomic class, was also associated with a reduced
risk of achalasia (OR = 0.59, 95%CI: 0.35-0.99).
Smoking and alcohol consumption carried significantly
reduced risks of achalasia, even after adjustment
for socio-economic status. The presence of pets in
the house was associated with a two-fold increased
risk of achalasia (OR = 2.00, 95%CI: 1.17-3.42). No
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childhood household factors were associated with
achalasia risk.

that achalasia incidence is now approximately 1.6 per
100000 population. Such a rise in incidence could well
reflect changes in diagnostic criteria and increased
awareness of achalasia amongst clinicians, however it
could also point to a role for changing environmental
risk factors over this timeframe.
Previously suggested risk factors for achalasia
[5,6]
include genetic and autoimmune conditions
,
and infections such as the Herpes Simplex Virus
[7,8]
(HSV-1) . To our knowledge, no lifestyle factors
have been investigated in relation to achalasia
development. Associations and biologically plausible
mechanisms have been reported for lifestyle factors
in the role of other neurodegenerative disorders, such
as Alzheimer’s disease, motor neuron disease and
[9-11]
multiple sclerosis
.
Further, the timing of exposure to environmental
risk factors may be important in disease aetiology.
Childhood factors have been associated with risk of
other oesophageal conditions in later life, including
oesophagitis, Barrett’s oesophagus and oesophageal
adenocarcinoma in a series of Danish population-based
[12-14]
studies
. Exposure to infectious diseases during
childhood has also been speculated to contribute
to the neurodegenerative Parkinson’s disease risk
[15]
in adulthood . Given the broad age at diagnosis
[16,17]
observed in achalasia cases
, it would be interesting
to study the potential role of childhood factors in
achalasia development.
The aim of this novel population-based casecontrol study was to evaluate the association between
exposure to environmental factors throughout the
lifespan and risk of oesophageal achalasia.

CONCLUSION: Achalasia is a disease of inequality,
and individuals from low socio-economic backgrounds
are at highest risk. This does not appear to be due to
corresponding alcohol and smoking behaviours. An
observed positive association between pet ownership
and achalasia risk suggests an interaction between
endotoxin and viral infection exposure in achalasia
aetiology.
Key words: Achalasia; Risk factors; Epidemiology;
Lifestyle; Socio-economic status
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Little is known about achalasia aetiology, with
roles suggested for genetic conditions, auto-immune
diseases and infectious agents. This populationbased case-control study investigated lifestyle and
household factors in adulthood and childhood in
relation to achalasia risk, for the first time. Results
indicate that achalasia is a disease of inequality, and
individuals from low socio-economic backgrounds are
at highest risk. The burden of achalasia in lower socioeconomic groups cannot be explained by smoking or
alcohol intake. Pet ownership was associated with a
two-fold increased risk of achalasia. Further studies of
environmental factors and achalasia risk are warranted.
Coleman HG, Gray RT, Lau KW, McCaughey C, Coyle PV,
Murray LJ, Johnston BT. Socio-economic status and lifestyle
factors are associated with achalasia risk: A population-based casecontrol study. World J Gastroenterol 2016; 22(15): 4002-4008
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i15/4002.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i15.4002

MATERIALS AND METHODS
Subject recruitment

Patients were identified by records of all individuals
undergoing oesophageal manometry performed in
the Gastrointestinal Physiology Unit, Royal Victoria
Hospital, Belfast, Northern Ireland, United Kingdom
between 1989-2006. This was the regional centre
for oesophageal manometry in Northern Ireland and
diagnosed n = 304 primary achalasia patients, aged
16 years or older, during that timeframe. Of these, n =
202 cases were invited to participate in the study and
n = 151 cases were successfully recruited (response
rate = 74.8%). Population-based controls were
identified via General Practitioner practices throughout
Northern Ireland, and n = 117 controls took part in the
study from the total n = 247 controls invited (response
rate: 47.4%). Controls were frequency-matched
within groups defined by age (< 50, 50-69, ≥ 70
years) and sex to their corresponding cases, therefore
similarities in age and sex distribution reflect this study
design. This study was ethically approved by the Office
for Research Ethics Committees Northern Ireland

INTRODUCTION
Oesophageal achalasia is one of the most poorly
understood diseases of the digestive tract. Achalasia
is a neurodegenerative motility disorder that results in
loss of normal lower oesophageal sphincter function
[1]
and aperistalsis . Oesophageal manometry is
regarded as the ultimate diagnostic investigation for
[1]
this condition . Relatively little attention has been
given to understanding the underlying aetiology of this
disease, and more efforts are needed to ultimately
achieve prevention of achalasia.
Although achalasia remains a rare condition, a
recent review by our working group suggests that
there has been an approximate two-fold increase
in incidence since the mid-1980s up to the mid[2]
[3]
[4]
2000s . Reports from Canada and Italy estimate
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status (for adulthood factors) as potential confounders.
Interaction between socio-economic status, smoking
and alcohol status to influence achalasia risk was
assessed using the likelihood ratio test. All statistical
analysis was performed using Stata Version 11.2
(StataCorp, College Station, TX, United States).

Table 1 Descriptive characteristics of achalasia cases and
matched controls n (%)
Characteristics
Age, yr (mean ± SD)
Age at diagnosis (mean ± SD)
Sex
Male
Female
Previous medical history
Ischaemic heart disease
Diabetes Mellitus
Hypertension
Hypercholesterolaemia
Asthma/COPD
Gastritis/Peptic ulcer
Autoimmune/Connective
Tissue Disorders
Family history of achalasia
Number of years in education
(mean, SD)
Occupation class
High
Medium
Low
Not classified

Achalasia cases

Controls

n = 151

n = 117

55.9 ± 17.1
47.6 ± 17.8

55.8 (16.0)
/

0.97
/

76 (50.3)
75 (49.7)

55 (47.0)
62 (53.0)

0.59

12 (8.0)
4 (2.7)
27 (17.9)
16 (10.6)
11 (7.3)
19 (12.6)
1 (0.7)

7 (6.0)
3 (2.6)
17 (14.5)
12 (10.3)
4 (3.4)
8 (6.8)
1 (0.9)

0.53
0.97
0.46
0.93
0.17
0.12
0.86

5 (3.3)
12.5 (3.3)

39 (25.8)
47 (31.1)
55 (36.4)
10 (6.6)

0 (0.0)
12.8 (3.1)

45 (38.5)
32 (27.4)
34 (29.1)
6 (5.1)

P value

RESULTS
Comparison of characteristics between achalasia
cases and controls is shown in Table 1. Mean age at
interview was 55.9 years for achalasia cases, of whom
50% were male. Cases were, on average, recruited
8.3 years after their incident diagnosis of achalasia.
No significant differences in education, occupation
or previous medical history were detected between
cases and controls (Table 1), with exception of a family
history of achalasia which was more prevalent in
achalasia cases.
Table 2 shows the association between childhood
household factors and achalasia risk. No significant
associations were detected for number of rooms,
household density or toilet location in the childhood
home, and risk of achalasia. A non-significant inverse
association was observed between the presence of
smokers in the childhood home, and achalasia risk (OR
= 0.85, 95%CI: 0.48-1.50). Non-significant increased
risks of achalasia were also noted for childhood homes
in which a pet was present (OR = 1.17, 95%CI:
0.67-2.04), and for low compared with high socioeconomic households, as determined by occupation of
head of household (OR = 1.64, 95%CI: 0.78-3.67).
Having been breastfed did not seem to influence
achalasia risk. Further adjustment for age and sex had
little impact on observed associations.
The association between achalasia risk and various
adult socio-demographic and lifestyle factors is
shown in Table 3. The presence of pets in the house
was associated with an almost two-fold increased
risk of achalasia (OR = 1.92, 95%CI: 1.12-3.31).
Years of education completed were unrelated to
achalasia risk. However, individuals who had low-class
occupations were at the highest risk of achalasia (OR
= 1.88, 95%CI: 1.02-3.45), inferring that high-class
occupation holders have a reduced risk of achalasia.
A history of foreign travel, a lifestyle factor linked
upper socio-economic class, was also associated
with a reduced risk of achalasia (OR = 0.59, 95%CI:
0.35-0.99).
Smoking and alcohol consumption carried
significant reduced risks of achalasia, even after
adjustment for socio-economic status (Table 3).
The potential interaction between alcohol, smoking
and socio-economic status to influence achalasia
risk was further explored in stratified analysis (data
not shown). Reduced statistical power resulted in a
lack of statistically significant findings. However, the
reduced risk of achalasia for alcohol consumers and

0.05
0.34

0.17

COPD: Chronic obstructive pulmonary disorder.

(ORECNI). Written informed consent was obtained
from all study participants.

Assessment of clinical and demographic factors

Information on demographic data, lifestyle factors,
past medical history, family history, childhood factors,
medications and previous achalasia treatment, were
collected by an interviewed questionnaire, administered
by one of two trained interviewers who were not blinded
to the case-control status of individuals. Socio-economic
status was derived from occupation data, according
to National Statistics Socio-Economic Classification as
[18]
used by the Office for National Statistics . Briefly in
this classification system, professional, employer or
manager occupations are considered to be high class;
intermediate or junior non-manual occupations are
categorised as medium class; skilled, semi-skilled or
unskilled manual occupations are considered to be
low class; students or not employed are considered as
[18]
unclassified .

Statistical analysis

Statistical analysis comparing continuous or categorical
variables between achalasia cases and controls was
conducted using an independent t-test or chi-squared
test, respectively. Odds ratios (OR) and corresponding
95% confidence interval (CI) were generated using
unconditional logistic regression models to assess
achalasia risk according to childhood and adult sociodemographic and lifestyle factors. Both unadjusted
and adjusted regression models were performed, with
the latter adjusting for age, sex, and socio-economic
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Table 2 Early life and childhood household factors and achalasia risk n (%)
Early life risk factors
Number of rooms
<6
≥6
Number of bedrooms
<3
≥3
Household density
<2
≥2
Toilet location
Indoors
Outdoor
Presence of smokers
No
Yes
Presence of any pets in the house1
No
Yes
Occupation of head of household
High
Medium
Low
Unclassified
Breastfed
No
Yes
Unknown

2

Achalasia cases

Controls

Unadjusted

Adjusted

n = 151

n = 117

OR (95%CI)

OR (95%CI)

71 (47.0)
80 (53.0)

54 (46.2)
63 (53.8)

1
0.97 (0.60-1.57)

1
0.96 (0.59-1.57)

35 (23.2)
116 (76.8)

29 (24.8)
88 (75.2)

1
1.09 (0.62-1.92)

1
1.09 (0.61-1.96)

55 (36.4)
96 (63.6)

44 (37.6)
73 (62.4)

1
1.05 (0.64-1.73)

1
1.05 (0.64-1.73)

85 (56.3)
66 (43.7)

73 (62.9)
43 (37.1)

1
1.32 (0.80-2.16)

1
1.55 (0.85-2.82)

38 (25.2)
113 (74.8)

26 (22.2)
91 (77.8)

1
0.85 (0.48-1.50)

1
0.85 (0.48-1.52)

36 (23.8)
115 (76.2)

31 (26.5)
86 (73.5)

1
1.15 (0.66-2.31)

1
1.17 (0.67-2.04)

15 (9.9)
56 (37.1)
78 (51.7)
2 (1.3)

18 (15.4)
40 (34.2)
57 (48.7)
2 (1.7)

1
1.68 (0.76-3.73)
1.64 (0.76-3.53)
1.20 (0.15-9.57)

1
1.70 (0.77-3.79)
1.69 (0.78-3.67)
1.25 (0.15-10.23)

63 (41.7)
61 (40.4)
27 (17.9)

48 (41.0)
51 (43.6)
18 (15.4)

1
0.91 (0.54-1.55)
1.14 (0.56-2.31)

1
0.89 (0.49-1.59)
1.12 (0.54-2.31)

1

Compared with no pets present in the childhood house; 2Adjusted logistic regression model includes age (at interview) and sex.

Table 3 Early life and childhood household factors and achalasia risk n (%)
Risk factors
Occupation class
High
Medium
Low
Unclassified
Years in education
< 13 yr
≥ 13 yr
Smoking status
Non-smoker
Former smoker
Current smoker
Alcohol consumer
No
Yes
Combined alcohol/smoking status
Non-drinker and Non-smoker
Drinks alcohol or ever smoker
Drinks alcohol and ever smoker
History of foreign travel outside Europe
No
Yes
Presence of any pets in the house
No
Yes

Unadjusted OR (95%CI)

Adjusted OR

1

Achalasia cases

Controls

n = 151

n = 117

39 (25.8)
47 (31.1)
55 (36.4)
10 (6.6)

45 (38.5)
32 (27.4)
34 (29.1)
6 (5.1)

1
1.69 (0.91-3.15)
1.87 (1.02-3.42)
1.92 (0.64-5.77)

1
1.75 (0.93-3.29)
1.88 (1.02-3.45)
1.90 (0.59-6.14)

91 (60.3)
60 (39.7)

64 (54.7)
53 (45.3)

1
0.80 (0.49-1.30)

1
0.92 (0.52-1.61)

91 (60.3)
36 (23.8)
24 (15.9)

61 (52.1)
28 (23.9)
28 (23.9)

1
0.86 (0.48-1.56)
0.57 (0.30-1.08)

1
0.82 (0.44-1.54)
0.47 (0.24-0.92)

58 (38.4)
93 (61.6)

31 (26.5)
86 (73.5)

1
0.58 (0.34-0.98)

1
0.55 (0.32-0.95)

46 (30.5)
57 (37.8)
48 (31.8)

20 (17.1)
52 (44.4)
45 (38.5)

1
0.48 (0.25-0.91)
0.46 (0.24-0.90)

1
0.48 (0.25-0.93)
0.41 (0.21-0.83)

96 (63.6)
55 (36.4)

58 (49.6)
59 (50.4)

1
0.56 (0.34-0.92)

1
0.59 (0.35-0.99)

37 (24.5)
114 (75.5)

44 (37.6)
73 (62.4)

1
1.86 (1.10-3.14)

1
1.92 (1.12-3.31)

(95%CI)

1

Adjusted logistic regression model includes age (at interview), sex and socioeconomic status.
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[23]

ever smokers remained evident across the three socioeconomic groupings (OR = 0.39, 0.61 and 0.44).
The reduced risk appeared to be somewhat driven by
smoking in low-class occupation holders, and alcohol
consumption in high-class occupation holders, however
formal tests for interaction were not statistically
significant.

immune disease and lower socio-economic status .
Thirdly, the direct association with occupation (but not
education) as a reflection of socio-economic status
may reflect exposure to occupational hazards that
play a role in achalasia aetiology, for example metal
[15]
exposure has been linked with Parkinson’s disease .
Finally, a hypothesis that has not previously been
suggested relates to perinatal factors. Low birth
weight has been associated with other oesophageal
[12-14]
diseases
and is linked with lower socio-economic
[24]
status . Recent epigenetic studies have demonstrated
methylation changes in the perinatal period, linked
to lower socio-economic status and low birth weight
[25]
babies . The authors suggest that this is a key
element in the development of subsequent disease in
[25]
adulthood .
We were unable to assess birth weight and other
perinatal factors in this study. However, we were able
to evaluate other early childhood factors in relation
to achalasia risk. No associations were identified
between household density, toilet location or history
of having been breastfed and achalasia risk. This
contrasts with hypotheses that household crowding and
resultant earlier/more frequent exposure to infections
and antigens could protect against immune-related
[26,27]
diseases, as has been noted for Type 1 diabetes
.
The lack of association suggests that, even if a role for
infectious agents does exist for achalasia, the timing
of exposure in early childhood may be irrelevant.
Three other childhood factors investigated also showed
non-significant associations with achalasia, but the
direction of associations parallel those seen for adult
lifestyle factors. This includes the presence of smokers
in the childhood home, which was non-significantly
inversely associated with risk, while lower socioeconomic occupations held by the head of the childhood
household and owning a pet in childhood both carried a
non-significant increased risk of achalasia.
Pet ownership in adulthood was associated with
an increased risk of achalasia in this study. Evidence
to suggest an association between pet ownership and
the incidence of other immune-related conditions,
such as rheumatoid arthritis and multiple sclerosis
[28-32]
(MS), is conflicting
. Pet ownership may increase
[29]
exposure to parasitic infections
, and while
secondary achalasia is due to parasitic infection
[33]
with Trypanosoma cruzi , there is no evidence to
suggest a direct parasitic cause in primary achalasia.
Finally, households with resident pets have higher
levels of pro-inflammatory endotoxin in the house
[34]
dust . Endotoxin is speculated to be hypoallergenic
[34]
and thereby protect against atopic conditions .
However, as part of a separate mechanistic pathway,
endotoxins may interact with viral infection to
[35]
induce an inflammatory response . For example,
lipopolysaccharide can increase expression of a
survival protein (BAG3) that regulates the replication
[36]
of HSV-1 and Varicella-Zoster virus , and so may act
to exacerbate the impact of such viruses on achalasia

DISCUSSION
The results from this novel population-based study
suggest that achalasia disproportionately affects
individuals from lower socio-economic backgrounds.
Smoking and alcohol intake do not explain this
inequality in achalasia risk. Pet ownership in adulthood
was associated with an increased risk of achalasia,
and raises interesting hypotheses about potential
explanatory biological mechanisms for achalasia. None
of the childhood factors evaluated were associated
with achalasia risk, suggesting that early life exposures
do not have a role in achalasia development.
This is the first study to assess the relationship
between socio-economic status and achalasia. Our
findings indicate an increased risk of developing
achalasia in individuals with lower socio-economic
status. Our results also demonstrate that this is not
explained by the “usual” factors associated with lower
socio-economic status, namely smoking and alcohol.
Instead these factors carry a reduced risk. There is
little evidence of biologically plausible mechanisms to
link smoking and alcohol to a reduced risk of achalasia
- in contrast, nicotine exposure is known to induce
[19]
loss of lower oesophageal sphincter function . The
findings for smoking and alcohol are highly likely to
reflect reverse causation bias, since the majority of
achalasia cases in this study were prevalent cases
who may have avoided these lifestyle factors to
alleviate symptoms. However, such bias is unlikely
to have occurred to the extent whereby it is masking
an increased risk of achalasia, and recall bias is
unlikely to influence the other characteristics enquired
about in this study. There are several other plausible
associations for the link with lower socio-economic
status which merit further exploration.
Firstly, lower socio-economic status is associated
with increased gastro-intestinal infection risk in this
[20]
region . One hypothesis for the aetiology of achalasia
is of a neurotropic virus showing predilection for the
squamous mucosa of the oesophagus and targeting
the myenteric plexus. There has been some evidence
[8,21]
supporting this link in the herpes virus family
and
a large Spanish study has recently demonstrated
increased herpes zoster prevalence/incidence in
[22]
subjects with lower socio-economic status . Secondly,
autoimmunity has been suggested as a factor in the
development of achalasia. Although our study found
no significant increase in auto-immune diseases
among achalasia patients, this has been demonstrated
[6]
previously and there is strong evidence linking auto-
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development. The finding of an increased risk of
achalasia with pet ownership in the current study may
also be due to chance, but is unlikely to be due to
recall bias. Our observed inverse association between
a history of foreign travel outside of Europe, even
after adjustment for socio-economic status, may also
reflect exposure to an unknown infectious agent that is
actually protective against achalasia development.
One of the strengths of the study is that a large
number of patients with primary achalasia were
recruited into the study using a population-based
approach. The response rate among cases was high
(75%), suggesting excellent generalisability to the
wider population of patients with primary achalasia.
Also, to our knowledge, this is the first case-control
study investigating potential environmental risk factors
in primary achalasia, providing novel insight into
mechanisms and potential prevention strategies for
this incurable disease.
Certain potential limitations of this study must be
acknowledged. Firstly, self-reported risk factors were
relied upon in this study, and may be subject to recall
and socially-desirable respondent bias. This is likely to
explain the significant inverse association for smoking,
alcohol and achalasia risk to some extent, but is
unlikely to be masking a converse positive association
for these lifestyle factors and achalasia risk. Certain
factors such as family history were not verified with
general practitioners or other medical records. The low
response rate of controls (47%) may have introduced
bias if the characteristics and exposures of the nonresponders were different. Unfortunately, there was
no access to medical records of non-responders
to compare with responders to allow evaluation of
this. The case-control nature of the study design
also presents an opportunity for reverse causation
to be skewing some of the observed associations,
whereby achalasia cases may have altered their habits
relating to certain risk factors, due to their disease
and symptom experience. However, these limitations
affect all epidemiological case-control studies, and we
still believe that our analysis provides a useful and
novel insight into potential modifiable risk factors for
achalasia. Further case-control and cohort studies
verifying our results are required.
In conclusion, achalasia appears to be a disease
of inequality that disproportionately affects individuals
from low socio-economic backgrounds. This does
not appear to be due to corresponding alcohol and
smoking behaviours. An observed positive association
between pet ownership and achalasia risk may lend
support to a role for interaction between endotoxin and
viral infection exposure in achalasia aetiology. Further
studies of environmental factors and achalasia risk are
warranted.
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Abstract

Institutional review board statement: Not needed for a simple
questionnaire analysis according to rules of the Ethics Committee
of Science, Denmark.

AIM: To investigate patient-reported outcomes from,
and adherence to, a low FODMAP diet among patients
suffering from irritable bowel syndrome and inflammatory
bowel disease.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent before study
enrolment.

METHODS: Consecutive patients with irritable bowel
syndrome (IBS) or inflammatory bowel disease (IBD)
and co-existing IBS fulfilling the ROME Ⅲ criteria,
who previously attended an outpatient clinic for
low FODMAP diet (LFD) dietary management and
assessment by a gastroenterologist, were invited to
participate in a retrospective questionnaire analysis.
The questionnaires were sent and returned by regular
mail and gathered information on recall of dietary

Conflict-of-interest statement: None to declare.
Data sharing statement: Questionnaires and data set are
available from the corresponding author at louisemaagaard3@
gmail.com. The Danish Data Protection Agency approved the
study design. Participants gave informed written consent for data
sharing and furthermore, the presented data are anonymised and
risk of identification is low.

WJG|www.wjgnet.com

4009

April 21, 2016|Volume 22|Issue 15|

Maagaard L et al . IBS and IBD patient reported outcomes
Gastroenterol 2016; 22(15): 4009-4019 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i15/4009.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i15.4009

treatment, efficacy, symptoms, adherence, satisfaction,
change in disease course and stool type, and quality of
life. Before study enrolment all patients had to sign an
informed written consent.
RESULTS: One hundred and eighty patients were
included, 131 (73%) IBS and 49 (27%) IBD patients.
Median age was 43 years (range: 18-85) and 147 (82%)
were females. Median follow-up time was 16 mo (range:
2-80). Eighty-six percent reported either partial (54%)
or full (32%) efficacy with greatest improvement
of bloating (82%) and abdominal pain (71%). The
proportion of patients with full efficacy tended to be
greater in the IBD group than in the IBS group (42%
vs 29%, p = 0.08). There was a significant reduction
in patients with a chronic continuous disease course in
both the IBS group (25%, p < 0.001) and IBD group
(23%, p = 0.002) along with a significant increase in
patients with a mild indolent disease course of 37%
(p < 0.001) and 23% (p = 0.002), respectively. The
proportion of patients having normal stools increased
with 41% in the IBS group (p < 0.001) and 66%
in the IBD group (p < 0.001). One-third of patients
adhered to the diet and high adherence was associated
with longer duration of dietary course (p < 0.001).
Satisfaction with dietary management was seen in 83
(70%) IBS patients and 24 (55%) IBD patients. Eightyfour percent of patients lived on a modified LFD, where
some foods rich in FODMAPs were reintroduced, and
16% followed the LFD by the book without deviations.
Wheat, dairy products, and onions were the foods most
often not reintroduced by patients.

INTRODUCTION
Irritable bowel syndrome (IBS) is a highly prevalent
functional gastrointestinal disorder characterised by
abdominal pain or discomfort in association with altered
bowel habits and no organic disease. IBS symptoms
are prevalent in about 10%-20% of the general
population, with a female gender predilection and a
high proportion of undiagnosed sufferers, making IBS a
[1-3]
major health issue . Furthermore, IBS-like symptoms
are common in patients with inflammatory bowel
disease (IBD) and are present in between 30%-40% of
[4-6]
patients in clinical remission .
Treatment of IBS is a challenging task for primary
care physicians and gastroenterologists due to the
heterogeneity of the disorder, a lack of reliable outcome
measures, and high placebo response rates. In the last
decades, a diet excluding foods high in short-chained
carbohydrates, termed FODMAPs (fermentable oligo-,
di-, and monosaccharides and polyols), has proven
effective in the treatment of functional gastrointestinal
[7]
symptoms . FODMAPs are poorly absorbed in the
small intestine and are passed on to the colon, where
they exert an osmotic effect, drawing fluid into the
lumen and, furthermore, causing an increase in gas
production (mainly hydrogen and methane) due to
the excess delivery of fermentable substrates to the
[8]
colonic microflora . These mechanisms can lead to
abdominal pain, bloating, flatulence, and diarrhoea
[9,10]
in susceptible subjects
. There is strong evidence
supporting the low FODMAP diet (LFD) as an effective
therapeutic tool in the management of IBS with an
[7,9,11-13]
overall response rate of 75
. The diet also seems
to reduce functional bowel symptoms in patients with
[14,15]
inflammatory bowel disease
and patients without
[8]
a colon .
Adherence to the diet is key to its success and
according to previous studies, adherence can be
[12,14,16]
expected in up to 75% of patients
. However,
many struggle with implementing the LFD in daily life
due to its complexity. Currently, studies of long-term
efficacy of the LFD are lacking, and no one has yet
investigated the dietary impact on IBS disease course.
The present retrospective study aimed to examine
patient-reported long-term effects of the LFD, dietary
adherence, and dietary impact on disease course
in patients with IBS and patients with IBD and coexisting IBS.

CONCLUSION: These data suggest that a diet low in
FODMAPs is an efficacious treatment solution in the
management of functional bowel symptoms for IBS and
IBD patients.
Key words: Low FODMAP; Irritable bowel syndrome;
Inflammatory bowel disease; Adherence; Disease course
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study based on patientreported questionnaires to evaluate the low FODMAP
diet (LFD) dietary course of patients with irritable bowel
syndrome (IBS) or inflammatory bowel disease (IBD).
Effect was reported by 86% of patients with greatest
relief of abdominal pain and bloating. Long-term IBS
disease course and stool type improved significantly
after dietary intervention. One-third of patients were
adherent and the majority was satisfied with the
treatment. These are the first data on changes of longterm IBS disease course following LFD treatment and
the longest FU to date of IBS and IBD patients treated
with the LFD with a median FU of 16 mo.

MATERIALS AND METHODS

Maagaard L, Ankersen DV, Végh Z, Burisch J, Jensen L,
Pedersen N, Munkholm P. Follow-up of patients with functional
bowel symptoms treated with a low FODMAP diet. World J
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Study design

A retrospective, cross-sectional study was conducted
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taining an invitation, an informed consent form, and
a questionnaire regarding the dietary treatment,
adherence to diet, disease severity and course, stool
pattern, and quality of life. If the patients did not reply
to the invitation, reminders were sent by regular mail.
Before accessing electronic patient files for extraction
of additional demographic data, an informed written
consent for data sharing had to be signed by the
patients in accordance with the Danish health authority
regulations.

Table 1 Dietary adherence at follow-up, estimated by the
FODMAP adherence report scale n (%)
FARS questions
“I change the content of a LFD meal
despite the recommended content”
“I follow a modified LFD compared to
the recommended LFD”
“I replace a LFD meal with a regular
meal containing FODMAPs”
“I forget to follow the LFD”
“I stop taking the LFD for a period of time”

All patients

IBD

IBS

57 (35)

12 (28)

45 (37)

61 (37)

15 (34)

46 (38)

90 (55)

27 (63)

63 (53)

111 (68)
107 (65)

33 (75)
34 (77)

78 (65)
73 (61)

Dietary advice

Each of the FARS questions had five possible responses, scoring 1-5 points.
A score of ≥ 4 points was regarded as adherence to the LFD. FARS:
FODMAP adherence report scale; IBD: Inflammatory bowel disease;
IBS: Irritable bowel syndrome; LFD: Low FODMAP diet; FODMAPs:
Fermentable oligo-, di- and monosaccharides and polyols.

Four experts in clinical nutrition and the LFD performed
the dietary consultations. One dietician was FODMAP[20]
certified at King’s College, London, United Kingdom .
The initial consultation lasted 60-90 min and included
IBS education, dietary history, LFD education, and
individualisation of LFD advice in order to facilitate
implementation of the diet. Patients were to stay on
the diet for 6-8 wk and then review the treatment
response with support from the dietary expert. If
the response was considered satisfactory, patients
continued the restriction of FODMAPs, but with reintro
duction of small amounts of foods high in FODMAPs
in order to determine individual tolerance level and
ensure variety in diet. The patients were offered followup consultations either in clinic or by telephone and
were also able to email the experts.

to investigate long-term adherence and effect on
disease course in IBS and IBD patients treated with
the LFD.

Study population

Consecutive patients with IBS or IBD and co-existing
[17]
IBS fulfilling the Rome Ⅲ criteria for IBS and having
received LFD education followed by a dietary course of
varying duration in the period 2009-2013, were invited
to participate in the study. All patients had initially been
treated by their general practitioner and subsequently
been referred to Herlev University Hospital (HUH) for
dietary management of IBS with clinical dieticians.
All study participants, or their legal guardian, provided
informed written consent prior to study enrolment.
Participants gave written informed consent for data
sharing.
Prior to dietary consultation, gastroenterologists
had assessed all patients and the majority of patients
presented normal colonoscopy results, and were tested
for lactose intolerance and celiac disease, among other
relevant tests.
Patients were excluded from the study if they
had significant gastrointestinal co-morbidities such
as abdominal cancer or ileo-/colostomy. IBD patients
were not tested for level of disease activity at followup.

Questionnaires

At follow-up, all patients were asked to complete a
questionnaire analysis including four self-developed
questionnaires and three or four internationally validated
questionnaires.
The first questionnaire, developed in cooperation
with clinical dieticians, consisted of 23 questions with
limited answering options or visual analogue scales
(VAS) addressing efficacy of diet, dietary mana
gement, and compliance. The FODMAP Adherence
Report Scale (FARS) was constructed to evaluate
dietary adherence and was inspired by the validated
[21]
Medication Adherence Report Scale by Byrne et al .
The scale consists of five questions (see Table 1), each
question offering five possible answers (always, often,
sometimes, rare, and never) scoring from one to five
points with a maximum score of 25 points. A total
score of at least 20 points (≥ 80%) was considered as
adherence to the diet. Furthermore, a questionnaire
[17]
previously applied in a study by Pedersen et al
at HUH was included in order to assess satisfaction
with the dietary treatment. Its six questions were
accompanied by VAS scales, with a scoring range of
0-100 points (i.e., 1 cm = 10 points), and covered
the following items: dietary consultations, distributed
written material, flavour of diet, compliance/adherence
to diet, and availability of appropriate foods in
supermarkets. The maximum score was 600 points
and a total score of a minimum of 360 points (≥

eHealth: a web-program for IBS and IBD patients

Some of the recruited patients (103, 57%) had earlier
been engaged in other LFD studies at HUH involving
eHealth web-program monitoring and a dietary course
[15,17,18]
of six weeks with follow-up evaluation
. The
[19]
program has been described in previous papers .
The majority of IBD patients (40, 82%) included here
participated in these eHealth studies, while patients
with moderate to severe disease activity (assessed by
HBI or SCCAI) were excluded.

Data collection

Patients eligible for the study received a letter con
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A

LFD

C

B

Disease activity

Follow-up

LFD

LFD

D

Disease activity

Follow-up

Disease activity

Follow-up

Disease activity

LFD

Follow-up

Figure 1 Copenhagen irritable bowel syndrome disease courses. The four figures each depict a different type of IBS disease course with varying disease activity
over time. The time span is from introduction of the LFD until follow-up. The same figures were used from time of diagnosis to introduction of the LFD (not shown). A:
Mild IBS with indolent course: The disease activity fades over time; B: Mild IBS with aggressive course: The disease activity increases over time; C: Chronic IBS with
continuous course: There is constant disease activity without remission periods; D: Chronic IBS with intermittent course: The disease activity appears in relapses with
remission periods in between. LFD: Low FODMAP diet; IBS: Irritable bowel syndrome.

60%) was considered as satisfaction with the dietary
treatment.
The last questionnaire developed addressed changes
in IBS disease course prior to, and after, dietary
intervention and consisted of four figures depicting
different types of disease courses, the Copenhagen
IBS disease courses (see Figure 1). The figures
were constructed based on several years of clinical
experience in IBS management and studies of pattern
[22,23]
recognition of IBD disease courses
. The mild
indolent disease course was considered the preferred
type, as disease activity decreased over time. The
patients had to choose one figure representing their
disease course before and after dietary management.
[24,25]
The Bristol Stool Chart (BSC)
illustrates seven
different stool types representing constipation (type
1-2), normal stools (type 3-4), and diarrhoea (type
5-7), and was used retrospectively to assess stool
type prior to and after dietary treatment. The IBS
[26]
Severity Scoring System (IBS-SSS)
was applied to
measure IBS disease severity at follow-up and consists
of five questions combined with VAS-scales, with the
maximum score being 500 points. Remission/mild
disease is classified as a score less than 175 points,
moderate disease as a score between 175 and 300

WJG|www.wjgnet.com

points, and above 300 points the disease is severe.
Quality of life was evaluated at follow-up using the IBS
[27]
Quality of Life questionnaire (IBS-QoL) that contains
34 questions, each with five possible answers and a
scoring range of 34-170 points. Due to the absence of
an official cut-off for good quality of life, we arbitrarily
set the bar at ≤ 102 points (50%).
[28]
Finally, the Short IBD Questionnaire (SIBDQ)
is
composed of 10 questions and was used to measure
quality of life at follow-up for IBD patients only. A total
score of 50 points or more was considered to indicate
[29]
a good quality of life .

Statistical analysis

Statistical analysis was performed using the SAS v. 9.3
(NC, United States) and SPSS v. 20 (IL, United States)
statistical software packages. Standard descriptive
statistics were carried out including frequency
distributions for categorical data and calculation of
medians and ranges for continuous variables. Fisher’s
2
exact and χ tests were used to investigate whether or
not the differences in descriptive data between groups
were significant. The Wilcoxon ranked test was applied
to determine if there had been significant changes in
disease course and stool type from baseline to follow-
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Table 2 Demographic data at follow-up n (%)

IBD
IBS

IBD

131 (73)
63 (48)

49 (27)
40 (82)

107 (82)
43 (18-85)
168 (133-189)
65 (43-115)
23 (16-45)
15 (14)

32 (65)
12 (25)
5 (10)
40 (82)
44 (19-70)
171 (160-189)
75 (49-146)
25 (18-53)
5 (12)

47 (40)
44 (37)
17 (14)
10 (9)

28 (67)
6 (14)
3 (7)
5 (12)

41 (32)
56 (43)
32 (25)
18 (25)
2 (2)
5 (24)

23 (53)
14 (33)
6 (14)
1 (6)
1 (8)
5 (42)

4 (4)
30 (28)
33 (30)
41 (38)
15 (2-80)

0 (0)
14 (33)
22 (53)
6 (14)
17 (5-32)

80
Proportion of patients (%)

Patients
Participation in eHealth studies
IBD type
UC
CD
IBDU
Female
Age, median (range)
Height, median (range)
Weight, median (range)
BMI, median (range)
Smokers
IBS subtypes
IBS-D
IBS-C
IBS-M
IBS-U
IBS disease severity
Mild
Moderate
Severe
Lactose intolerance1
Gluten intolerance2
Food allergy3
Dietary consultations
None
1
2
3 or more
Follow-up time, median (range)

IBS

47

a

43
40

29
20

0

11

Full effect

Partial effect

14

No effect

Effect of the LFD

Figure 2 Patient-reported effectiveness of the low FODMAP diet in
inflammatory bowel disease and irritable bowel syndrome patients at
follow-up. Effectiveness was categorised as full, partial, or no effect. There
were more IBD patients with full effect than IBS patients (aP = 0.08). IBD: n =
47; IBS: n = 126. LFD: Low FODMAP diet; IBD: Inflammatory bowel disease;
IBS: Irritable bowel syndrome.

were available. There were significant differences in
demographic data between the two groups regarding
IBS subtypes and IBS severity at follow-up. The IBS-D
subtype and IBS-C subtype were more frequent in the
IBD (p < 0.01) and IBS (p < 0.01) group, respectively,
and the proportion of IBD patients with mild IBS at
follow-up was significantly greater when compared to
the IBS patients (p = 0.01). The median duration of
follow-up from the initial dietary consultation to the
completion of the questionnaire analysis was 16 (range:
2-80) months overall, with 15 (range: 2-80) months
for the IBS group, and 17 (range: 5-32) mo for the
IBD group.

1

Diagnosed by lactose intolerance test or genetic test of lactase; 2Diagnosed
by serologic test for immunoglobulin A tissue transaminase; 3Diagnosed
by serologic tests for specific immunoglobulins. IBS: Irritable bowel
syndrome; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD:
Crohn’s disease; IBDU: Undetermined inflammatory bowel disease; BMI:
Body mass index; IBS-D: IBS with diarrhoea; IBS-C: IBS with constipation;
IBS-M: Mixed IBS; IBS-U: Unsubtyped IBS.

up. Fisher’s exact test and multiple logistic regression
were performed to examine the relationship between
responses and explanatory variables. All reported
P-values are two-sided and tests were performed with
a 5% level of significance. The statistical methods of
this study were reviewed by Henrik Wachmann, Larix
A/S.

Efficacy and symptoms

One hundred and fifty patients (86%) reported either
partial (94, 54%) or full (56, 32%) effectiveness of
dietary treatment (Figure 2). The proportion of patients
experiencing full effectiveness was greater in the IBD
group than in the IBS group (42% vs 29%, p = 0.08).
The diet showed greatest effect on bloating (82%)
and abdominal pain (71%) (Figure 3). Furthermore,
46 (37%) IBS patients and 21 (24%) IBD patients
became asymptomatic while following the diet.

RESULTS
Demographic data

Four hundred and three (294 IBS, 109 IBD) patients
eligible for the study were identified. Fifteen were
excluded due to co-morbidity (eight), migration (four),
or uncertain IBS diagnosis (three). Forty patients
rejected the invitation. Of the remaining 348 patients,
a total of 180 patients (52%), 131 IBS and 49 IBD,
answered one or more questionnaires and were
included in the study. Demographic characteristics
are presented in Table 2. Twenty (11%) patients did
not consent to extraction of data from their electronic
patient files; therefore, only data from questionnaires

WJG|www.wjgnet.com

57

60

Disease course and stool type

Figure 4 illustrates changes in IBS disease course
related to the LFD. After dietary treatment, the
number of patients with a chronic continuous course
was significantly reduced in both patient groups (IBS:
-25%, p < 0.001; IBD: -23%, p = 0.002), while the
mild indolent course became the predominant type
(IBS: +37%, p < 0.001; IBD: +23%, p = 0.002). The
mild indolent disease course following LFD intervention
was associated with good quality of life and normal
stool pattern (p < 0.0001). Furthermore, mild indolent
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IBD
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Proportion of patients (%)
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Figure 3 Patient-reported symptom relief for individual symptoms. Patients were able to select as many symptoms as they felt appropriate according to
subjective symptom improvement following LFD treatment. The majority experienced relief of abdominal pain and bloating. IBD: n = 40; IBS: n =113. QoL: Quality of
life; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome.

disease course prior to LFD was a strong predictor of
a disease course persisting beyond the LFD (84%, p <
0.001). Patients starting on one of the three other less
favourable disease courses had a probability of about
40% (range: 39%-46%) of transitioning to the mild
indolent course after dietary treatment. The baseline
variables showed no influence on the probability of
changing from one of the three less favourable disease
course types to the mild indolent course.
There was a significant improvement of stool
pattern in both patient groups (Figure 5). After dietary
intervention, the proportion of patients producing
normal stools increased, with 41% in the IBS group (p
< 0.001) and 66% in the IBD group (p < 0.001).

reintroduced by patients. Weight loss occurred in
29% of patients, while 7% gained weight during the
dietary course. Thirty-three (26%) IBS patients and 8
(20%) IBD patients answered that they quit the diet
before completion of the standard dietary period. The
most common reasons for quitting were that the diet
was too complicated to follow (50%), too expensive
(23%), or bland in taste (15%), and other reasons
(53%) were co-morbidities and detrimental effect on
functional gastrointestinal symptoms. Satisfaction
with dietary management was seen in 83 (70%) IBS
patients and 24 (55%) IBD patients.

Disease severity and quality of life

The overall median IBS-SSS score at follow-up was
211 (range: 16-487). Mild IBS was associated with
mild indolent disease course prior to LFD (p < 0.01)
and, furthermore, was trending towards a normal stool
type after LFD (p = 0.068). IBD patients were more
likely to have less severe IBS at follow-up than were
IBS patients (p < 0.05).
At follow-up, the median IBS-QoL score was 75
(range: 37-145) for the IBS group and 63 (range:
36-126) for the IBD group corresponding to 70 (range:
15-98) and 79 (range: 32-99) on the transformed
scale, respectively. For the IBD patients only, the
median SIBDQ score was 55 (range: 23-69) and 75
(range: 22-98) on the transformed scale. Good quality
of life was associated with normal stool type after
dietary therapy (p < 0.001) and duration of dietary
course (p < 0.01). A tendency to report good quality
of life at follow-up was observed in non-smokers and
patients with normal stool pattern before introduction
of LFD (p = 0.068, p = 0.060). IBD patients were
observed to be more content with life as compared to
IBS patients (89% vs 73%, p < 0.05).

Adherence and satisfaction

In both patient groups, approximately one-third were
adherent to the diet according to the FARS. Adherence
was highest with regards to remembering to follow the
diet and not taking breaks, and poorest when asked
if patients followed the diet “by the book” and without
making their own modifications (Table 2). Increased
adherence was associated with longer duration of
dietary treatment (p < 0.001), but otherwise no
associations were found. Thirty-two percent of the
IBS group and 37% of the IBD group were on the
diet for less than three months, while 47% and 50%,
respectively, stayed on the diet until follow-up. Fiftyfour percent used the LFD on and off depending on
symptom severity, while the rest were continuously on
the diet. Eighty-four percent lived on a modified LFD,
where some foods rich in FODMAPs were reintroduced
in varying amounts according to individual tolerance
level, whereas the remaining patients followed the
LFD by the book without deviations. Wheat, dairy
products, and onions were the foods most often not
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The IBS group before LFD introduction
Disease activity

Disease activity

10%

Diagnosis

3%

LFD

Disease activity

Diagnosis

LFD

Disease activity
41%

Diagnosis

46%

LFD

Diagnosis

LFD

The IBS group after LFD treatment
Disease activity

Disease activity

47%

LFD
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The IBD group before LFD introduction
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Figure 4 Changes in Copenhagen IBS disease courses after low FODMAP diet treatment. The four different disease courses are depicted before and after
the LFD intervention for the IBD and IBS group, separately. Above each figure, the prevalence is denoted as a percentage. The mild indolent course increased
significantly following LFD introduction in both patient groups (P < 0.001), while the chronic continuous course and the intermittent course were less common at followup. IBD: n = 43; IBS: n = 120. LFD: Low FODMAP diet; IBS: Irritable bowel syndrome; IBD: Inflammatory bowel disease.
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Figure 5 Changes in stool type after low FODMAP diet treatment. The stool types (Bristol stool chart) was categorised as normal stools, diarrhoea, constipation,
and mixed. After the LFD, there was a significant increase in the prevalence of normal stools in both IBD and IBS patients (P < 0.001) with decreases in the remaining
three categories of stool type, in particular the diarrhoea group (P < 0.001). IBD: n = 43; IBS: n = 121. LFD: Low FODMAP diet; IBS: Irritable bowel syndrome; IBD:
Inflammatory bowel disease.

nevertheless, the majority was satisfied with the dietary
treatment and did not quit the dietary course before
planned. The probability of patients discontinuing
dietary management increases with duration of dietary
course, as motivation tends to dwindle. Gearry et
[14]
al
found that use of resources (e.g., cookbooks), a
higher educational level, and working fewer than thirtyfive hours a week were significantly related to better
adherence.
At follow-up, most patients reported good quality
of life and had only mild or moderate disease severity.
Good quality of life was associated with normal stool
type after diet and longer duration of dietary treatment,
while mild disease severity was related to having a
mild indolent disease course before LFD introduction.
[15,17]
Two recent prospective studies by Pedersen et al
investigated the efficacy of LFD as compared to a
normal diet in IBS and IBD patients and demonstrated
a significant reduction in IBS disease severity and IBD
disease activity, along with a significant increase in
quality of life among IBD patients and IBS-D patients
during the six weeks of LFD intervention.
A retrospective study is not the ideal way to
assess efficacy of therapy and is accompanied by
some limitations. The high rate of patients (48%) not
replying to the invitation to join the study could have
led to selection bias which, together with possible
recall bias, might have resulted in type I errors.
In the last decade it has been suggested that
FODMAPs increase endothelial barrier permeability and,
together with other factors, cause immune activation
and low-grade inflammation, which could play a crucial
[30,31]
role in the pathogenesis of IBS
. FODMAPs have
been shown to influence on the colonic microbiota,
[32]
and Halmos et al
recently found that diets differing
in FODMAP content significantly affected the gut
microflora composition and that a low FODMAP intake

DISCUSSION
This study focuses on long-term outcomes of LFD
treatment and hopes to increase global awareness of
FODMAP restriction. It is the first survey ever to assess
the impact of LFD on long-term IBS disease course
and, furthermore, the longest follow-up study on IBS
and IBD patients treated with the LFD.
Long-term IBS disease courses improved signifi
cantly after the LFD period. Mild indolent disease
course at baseline was a reliable predictor of remaining
on this course after treatment. However, patients
starting with one of the less favourable disease courses
had a probability of about two in five of transitioning to
a mild indolent course. This suggests that patients with
more severe chronic courses might be able to improve
their disease course with LFD management. Having
said that, these data are the first on IBS disease
course in relation to LFD and prospective cohort
studies are needed for further investigation of whether
or not LFD can improve disease course of IBS patients.
The prevalence of a normal stool type increased
significantly after dietary therapy. Improvement of
stool pattern occurred across all three groups of stool
types, particularly in the diarrhoea group. An improved
outcome among patients with diarrhoea was also
found in a recent prospective study comparing LFD
[13]
to a normal diet . The enhanced efficacy of LFD in
patients with diarrhoea could be explained by the
osmotic nature of pooled FODMAPs in a regular diet
[8]
which contributes to increased water output .
Previous studies found adherence to be of para
[12,14,16]
mount importance to the diet’s success
. In this
study, only one-third of the patients were adherent
to the diet. High adherence was associated with
longer duration of dietary treatment. No more than
half of patients were still on the diet at follow-up;
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functional GI symptoms in IBD. Although there are clearly limitations with such
a retrospective study based on patient self-report questionnaires, the study
provides some interesting long-term data.

was associated with reduced absolute abundance of
bacteria. As a LFD might lead to detrimental changes
in gut microbiota, caution should be taken when
recommending the LFD for long-term treatment.
Although there are limitations of this study, the
retrospective follow-up provided data supporting
the use of LFD in both IBS and IBD with co-existing
IBS. A majority of patients reported beneficial effects
and satisfaction with the dietary treatment and,
furthermore, long-term disease courses and stool
pattern improved significantly. Long-term, prospective
studies are needed to further investigate those
characteristics of patients responding to the diet,
dietary impact on IBS disease course, and the safety
of long-term FODMAP restriction.
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Abstract
AIM: To predict the rate of lymph node (LN) metastasis
in diffuse- and mixed-type early gastric cancers (EGC)
for guidelines of the treatment.
METHODS: We reviewed 550 cases of EGC with
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diffuse- and mixed-type histology. We investigated
the clinicopathological factors and histopathological
components that influence the probability of LN
metastasis, including sex, age, site, gross type, pre
sence of ulceration, tumour size, depth of invasion,
perineural invasion, lymphovascular invasion, and
LN metastasis status. We reviewed all slides and
estimated the proportions of each tumour component;
pure diffuse type, mixed-predominantly diffuse type
(diffuse > intestinal type), mixed-predominantly
intestinal type (intestinal > diffuse type), and mixed
diffuse = intestinal type. We calculated the extents of
the respective components.

INTRODUCTION
Endoscopic submucosal dissection (ESD), a recently
developed technique, is a widely accepted treatment
modality for early gastric cancer (EGC), including
for diffuse (undifferentiated) type EGC within the
expanded criteria (mucosal cancer measuring less than
2 cm without ulceration and lymphovascular tumour
emboli). Large datasets indicate almost no risk of
[1-3]
lymph node (LN) metastasis in diffuse type EGCs .
A considerable proportion of gastric adenocarcinomas
show a mixed composition with both intestinal and
diffuse histological components. No consensus has
been established regarding the management of mixedtype histology, i.e., varying proportions of diffuse and
intestinal components in the tumour.
Generally, gastric adenocarcinoma can be sub
classified into intestinal (differentiated) and diffuse
[4,5]
(undifferentiated) types based on gland formation .
According to Japanese guidelines, diffuse components
are further subdivided into signet ring cell carcinoma
[6]
and poorly differentiated carcinoma . These guidelines
refer to mixed-type EGCs by their predominant
histological component, whether intestinal or diffuse.
There are several reports on the management and
[7-11]
[7]
outcomes of mixed-type EGCs
. Takizawa et al
reported that mixed-predominantly diffuse type
showed significant LN metastasis and suggested that
their treatment be similar to that of diffuse-type EGCs.
[8]
Hanaoka et al reported that the predominantly
undifferentiated mixed-type tumours showed con
siderably higher LN metastasis than other types of
[9]
submucosal invasive EGCs. Furthermore, Min et al
reported that mixed intestinal- and diffuse-type EGCs
could be managed with ESD under the expanded
criteria.
We investigated 550 cases of diffuse- and
mixed-type EGCs to determine which components
of the diffuse subtypes (signet ring cell or poorly
differentiated carcinoma) are more closely associated
with LN metastasis, providing evidence to establish a
consensus for the management of diffuse- and mixedtype EGCs with ESD.

RESULTS: LN metastasis was observed in 12.9%
(71/550) of early gastric cancers cases [15/288
mucosal EGCs (5.2%) and 56/262 submucosal EGCs
(21.4%)]. Of 550 cases, 302 were diffuse-type and
248 were mixed-type EGCs. Of 248 mixed-type EGCs,
163 were mixed-predominantly diffuse type, 82 were
mixed-predominantly intestinal type, and 3 were
mixed diffuse = intestinal type. Mixed-type cases with
predominantly diffuse type histology showed a higher
frequency of LN metastasis (20.2%) than cases of
pure diffuse type (9.3%) and predominantly intestinal
type (12.2%) histology. We measured the dimensions
of each component (intestinal and diffuse type)
to determine the association of the extent of each
component with LN metastasis in mixed-type gastric
carcinoma. The total tumour size and the extent of
poorly differentiated components was associated
with LN metastasis, while that of signet ring cell
components was not.
CONCLUSION: We recommend careful identification
and quantitative evaluation of mixed-type early gastric
cancer components after endoscopic resection to
determine the intensity of the treatment.
Key words: lymph nodes; metastasis; gastric cancer;
histology; endoscopic gastrointestinal surgery
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study consolidates correlations between
clinicopathological characteristics of early gastric
cancer and the risk of lymph node (LN) metastasis,
which is important to select patients that will benefit
from endoscopic submucosal dissection. This paper
also shows that the amount of poorly differentiated
tumor cells within mixed type early gastric cancer
is correlated with the highest risk of LN metastasis,
thus highlighting the need for diligent histological
characterization of patient specimens.

MATERIALS AND METHODS
Patient selection and clinicopathological evaluation

We retrieved early gastric cancer cases that involved
gastrectomies with LN dissection at the Pusan
National University Hospital treated between 2008
and 2013, and selected 550 cases of EGC with diffuseand mixed-type histology based on the Japanese
[6]
classification of gastric cancer . Cases involving

Hwang CS, Ahn S, Lee BE, Lee SJ, Kim A, Choi CI, Kim
DH, Jeon TY, Kim GH, Song GA, Park DY. Risk of lymph
node metastasis in mixed-type early gastric cancer determined
by the extent of the poorly differentiated component. World J
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measured directly using a micrometre and was defined
as the distance from the lowest point of the muscularis
mucosa (or surface of ulceration) to the point of
deepest tumour penetration. The Institutional Review
Board at the Hospital approved this study.

Table 1 Clinicopathological factors and lymph node
metastasis in early gastric cancers n (%)
Total

Sex
Male
Female
Age (yr)
Site1
Upper
Middle
Lower
Gross type
Elevated
Flat
Depressed
Ulceration
Absent
Present
Tumour size (cm)2
≤1
≤2
≤3
≤3
Depth of invasion3
Mucosa
M2
M3
Submucosa
SM1
SM2
SM3
Depth (μm)
Perineural invasion
Absent
Present
LV invasion
Absent
Present

Lymph node status
Negative
(n = 479)

Positive
(n = 71)

304
246
550

265 (87.2)
214 (87.0)
54.5 ± 0.7

39 (12.8)
32 (13.0)
55.5 ± 2.5

129
252
169

120 (93.0)
217 (86.1)
142 (84.0)

9 (7.0)
35 (13.9)
27 (16.0)

59
51
440

45 (76.3)
46 (90.2)
388 (88.2)

14 (23.7)
6 (9.8)
52 (11.8)

445
105

389 (87.4)
90 (85.7)

56 (12.6)
15 (14.3)

40
126
141
243

39 (97.5)
120 (95.2)
125 (88.7)
195 (80.2)

1 (2.5)
6 (4.8)
16 (11.3)
48 (19.8)

288
50
238
262
33
67
162
262

273 (94.8)
49 (98.0)
224 (94.1)
206 (78.6)
30 (90.9)
55 (82.1)
121 (74.7)
1754 ± 89.4

15 (5.2)
1 (2.0)
14 (5.9)
56 (21.4)
3 (9.1)
12 (17.9)
41 (25.3)
2017 ± 130.3

495
55

442 (89.3)
37 (67.3)

53 (10.7)
18 (32.7)

518
32

464 (89.6)
15 (46.9)

54 (10.4)
17 (53.1)

P value

Histopathologic evaluation with regard to histological
subtypes

0.950

We reviewed all slides and estimated the proportions
of each tumour component. Diffuse components
(undifferentiated) were further subdivided into signet
ring cell (sig) or poorly differentiated (por) types.
Subclassification was according to the most prevalent
component, applying the 50% criterion, as follows:
pure diffuse type, mixed-predominantly diffuse type
(diffuse > intestinal type), mixed-predominantly
intestinal type (intestinal type > diffuse), and mixed
[7]
diffuse = intestinal type . We calculated the extents
of the respective components using the following
formula: extent of respective component (cm) =
dimension of tumour (cm) × estimated percentage of
the respective component/100.

0.686
0.059

0.030

0.640

< 0.0001

< 0.0001

Statistical analysis

Statistical calculations were performed using SPSS for
Windows (version 12K, Chicago, IL, United States). To
identify the predictive risk factors for LN metastasis,
the data were statistically analysed using the chisquared test and an unpaired Student’s t test. The
independent factors for LN metastasis in diffuse- and
mixed-type EGCs were analysed by binary logistic
regression analysis (backward, stepwise). The ability of
histological component extent to predict LN metastasis
was assessed using receiver operating characteristic
(ROC) curve analysis. The total areas under the ROC
curves ranged from 0.5 to 1.0, with 1.0 indicating
perfect predictive value and 0.5 indicating random
chance. A pairwise comparison of the areas under the
ROC curve was subsequently performed to assess the
predictive value of each histological component. A P <
0.05 was deemed statistically significant.

0.153
< 0.0001

< 0.0001

1

between upper vs middle+lower; 2between ≤ 2 cm vs > 2 cm; 3between
M vs SM. LV: lymphovascular; M2: lamina propria invasion; M3:
muscularis mucosae invasion without penetration; SM1: upper third;
SM2: middle third; SM3: lower third.

preoperative chemotherapy or radiotherapy or
multiple gastric cancers were excluded. Pathological
reports and electronic medical records were reviewed,
for attributes, including sex, age, site, gross type,
presence of ulceration, tumour size, depth of invasion,
perineural invasion, lymphovascular invasion, and
LN metastasis status. Lesions were classified into
the following three groups according to gross type:
elevated type (Ⅰ, Ⅱa, Ⅱa + Ⅱb, and Ⅱa + Ⅱ
c), flat type (Ⅱb, Ⅱb + Ⅱa, and Ⅱb + Ⅱc), and
depressed type (IIc, Ⅱc + Ⅱb, Ⅱc + Ⅲ, Ⅱc + Ⅱa,
and Ⅲ). Ulceration was defined as a deformity of the
muscularis propria or fibrosis in the submucosal layer.
Intramucosal carcinoma was categorized as M2 (lamina
propria invasion) or M3 (muscularis mucosae invasion
without penetration). Submucosal invasion was graded
as SM1 (upper third), SM2 (middle third), or SM3
(lower third). The depth of submucosal invasion was

WJG|www.wjgnet.com

RESULTS
Clinicopathological characteristics relevant to LN
metastasis

Clinicopathological characteristics as a status of LN
metastasis are listed in Table 1. Of 550 cases, 71
(12.9%) showed LN metastasis [15/288 mucosal
EGCs (5.2%) and 56/262 submucosal EGCs (21.4%)].
Increased tumour size, gross type (elevated), depth of
invasion, and perineural and lymphovascular invasion
were associated with LN metastasis. Furthermore, we
investigated the independent predictive risk factors for
LN metastasis using binary logistic regression analysis
(Supplemental Table 1). Tumour size (P = 0.001),
depth of invasion (P < 0.0001), and lymphovascular
invasion (P = 0.001) were independent predictive risk

4022

April 21, 2016|Volume 22|Issue 15|

Hwang CS et al . Lymph node metastasis in diffuse EGC
Table 2 Lymph node metastasis according to depth of invasion, ulceration, and tumour size n (%)
Mucosal carcinoma

Diffuse (n = 302)
Mixed (n = 248)
Total (n = 550)

No ulcer
≤ 2 cm
> 2 cm
1/61 (1.6)
5/86 (5.8)
0/19 (0)
5/64 (7.8)
1/80 (1.3)
10/150 (6.7)

Submucosal carcinoma
Ulcer

≤ 3 cm

2/22 (9.0)
0/4 (0)
2/26 (7.7)

SM1
> 3 cm
1/19 (5.3)
1/10 (10)
2/29 (6.9)

≤ 3 cm

0/12 (0)
0/6 (0)
0/18 (0)

SM2

> 3 cm
2/7 (28.6)
1/8 (12.5)
3/15 (20.0)

SM3
Any size
6/32 (18.8)
11/63 (17.5)
6/35 (17.1)
30/99 (30.3)
12/67 (17.9)
41/162 (25.3)

SM1: Upper third; SM2: Middle third; SM3: Lower third.

A

B

C

D

Figure 1 Pathology of mixed-type gastric carcinoma. A: Mixed-type gastric carcinoma showing moderately differentiated tubular adenocarcinoma, intestinal type
(upper left and right) and poorly differentiated adenocarcinoma (lower left); B: High magnification view of poorly differentiated lesion (× 400); C: Mixed-type gastric
carcinoma showing moderately differentiated tubular adenocarcinoma, intestinal type (right) and signet ring cell carcinoma (left); D: High magnification view of signet
ring cell carcinoma lesion (× 400).

factors for LN metastasis in diffuse- and mixed-type
EGCs. In our dataset, there were 80 cases of mucosal
EGCs less than 2.0 cm in size and without ulceration;
among them, only 1 case showed LN metastasis (Table
2). Hence, only 1 case within ESD eligibility criteria
showed LN metastasis in this study.

submucosal invasion was significantly associated with
LN metastasis in mixed-type (P = 0.044), but not in
diffuse-type EGCs (P = 0.905)
Of 248 mixed-type EGCs, 163 were mixedpredominantly diffuse type, 82 were mixedpredominantly intestinal type, and 3 were mixed
diffuse = intestinal type (Table 3). Interestingly,
LN metastasis was more frequent in the mixedpredominantly diffuse type (33/163, 20.2%) than
in either the pure diffuse type (28/302, 9.3%) or
the mixed-predominantly intestinal histological type
(10/82, 12.2%; P = 0.003).

Histological subtypes and LN metastasis

Of 550 cases, 302 were diffuse-type and 248 were
mixed-type EGCs (Figure 1; Supplemental Tables
2 and 3). Furthermore, 28 of the 302 diffuse-type
(9.3%) and 43 of the 248 mixed-type EGCs (21.0%)
showed LN metastasis. The clinicopathological features
associated with LN metastasis in each type were
similar to those associated with LN metastasis when
diffuse and mixed types were considered together,
e.g., tumour size, depth of invasion, and perineural
and lymphovascular tumour invasion. Depth of

WJG|www.wjgnet.com

Quantitative impact of histopathological subtypes on LN
metastasis
We measured the extent of the individual components
to determine the quantitative power of each to
predict LN metastasis. The total tumour size and the
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Table 3 Histopathological subtypes and lymph node
metastasis n (%)

1.0

Status of lymph node metastasis
Pure diffuse type
Sig
Por
Mixed type
Predominantly diffuse
Sig predominant
Por predominant
Predominantly intestinal
Diffuse = intestinal

302
233
69
248
163
107
56
82
3

Negative
274 (90.7)
210 (90.1)
64 (92.8)
205 (83.7)
130 (79.8)
86 (80.4)
44 (78.6)
72 (87.8)
3 (100.0)

0.8

Positive
a

28 (9.3)
23 (9.9)
5 (7.2)
43 (16.3)
33 (20.2)a
21 (19.6)
12 (21.4)
10 (12.2)a
0 (0.0)

Sensitivity

Total

P = 0.003 (between pure diffuse, predominantly diffuse, and predominantly
intestinal). Sig: Signet ring cell; Por: Poorly differentiated.

0.0
0.0

Table 4 Relationship between the extent of various
histopathological components and lymph node metastasis in
550 diffuse- and mixed-type early gastric cancers

Total (cm)
Diffuse type (cm)
Signet ring cell
Poorly differentiated
Intestinal type (cm)

P value

3.30 ± 0.09
2.73 ± 0.11
2.07 ± 0.12
0.66 ± 0.05
0.65 ± 0.05

4.46 ± 0.29
3.61 ± 0.24
2.54 ± 0.29
1.07 ± 0.20
0.87 ± 0.17

< 0.001
0.005
0.161
0.012
0.172

0.2

0.4

0.6

0.8

1.0

Figure 2 Receiver operating characteristics curve analysis of scores for
predicting lymph node metastasis in mixed-type early gastric cancers
yielded an area under the curve of 0.687 (95%CI: 0.604-0.701, p < 0.0001)
for the diffuse component, 0.610 (95%CI: 0.523-0.698, p = 0.023) for total
size, 0.598 (95%CI: 0.505-0.691, p = 0.043) for the poorly differentiated
component, and 0.556 (95%CI: 0.450-0.661, p = 0.249) for the signet ring
cell component.
[13]

in contrast to an earlier report by Gotoda et al .
Shim and Lee summarized previously published
datasets describing the risks of LN metastasis for
[3]
diffuse-type EGCs that meet the proposed criteria ,
concluding that these expanded criteria for ESD of
diffuse type EGC are feasible with regard to efficacy
and safety.
Consistent with other reports that reported low
or no LN metastasis rates, we noted only one such
metastasis among cases within the established
expanded ESD criteria (1/80, 1.3%). We also
identified various clinicopathological factors associated
with LN metastasis, including increased size, gross
type (elevated), depth of invasion, and perineural
and lymphovascular invasion; this was consistent
[14,15]
with previously published data
. Taken together,
the expanded criteria for diffuse-type EGC can be
used to determine the primary option for treatment.
Mixed- predominantly diffuse EGCs showed a higher
frequency of LN metastasis (20.2%) than either the
pure diffuse type (9.3%) or the mixed-predominantly
intestinal type (12.2%), in accordance with previous
[7,8]
reports
, suggesting that mixed-predominantly
diffuse EGC should be more stringently managed than
pure diffuse-type EGC.
We further sub-categorized diffuse histological
components into signet ring cell and poorly differ
entiated carcinoma, and evaluated the impact of
each component on LN metastasis. Interestingly, we
identified an increase in the extent of the total diffuse
component - especially the poorly differentiated

extent of the poorly differentiated component were
significantly larger in the metastatic LN group (Table
4). Interestingly, the extent of the poorly differentiated
component was associated with LN metastasis (P =
0.012), whereas that of the signet ring cell component
was not (P = 0.161).
In the 248 mixed-type EGCs, we assessed the
ability of the histological components to predict LN
metastasis using ROC curve analysis (Figure 2).
The areas under the ROC curve for each component
were as follows: diffuse component (0.687, 95%CI:
0.604-0.701, P < 0.0001), total size (0.610, 95%CI:
0.523-0.698, P = 0.023), poorly differentiated
component (0.598, 95%CI: 0.505-0.691, P = 0.043),
and signet ring cell component (0.556, 95%CI:
0.450-0.661, P = 0.249). These results confirm that
poorly differentiated component was significantly
associated with LN metastasis (P = 0.043) while signet
ring cell component was not (P = 0.249).

DISCUSSION
With the development of ESD, the criteria for diffusetype EGCs eligible for endoscopic resection expanded
to include mucosal lesions measuring less than 2.0 cm
without ulceration or lymphovascular tumour emboli;
[1-3]
this was based on the risk of LN metastasis
.
[12]
Hirasawa et al
reported that 310 diffuse-type EGCs
within the expanded criteria showed no LN metastasis,
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Total
Diffuse
Por
Sig

1-specificity

Lymph node status
Positive
(n = 71)

0.4

0.2

a

Negative
(n = 479)

0.6
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Innovations and breakthrough

component - was associated with LN metastasis.
There was no such association between the extents of
signet ring cell components or intestinal components
with LN metastasis. Furthermore, ROC curve analysis
of mixed-type EGCs showed that the total tumour
size along with the extents of the diffuse and poorly
differentiated components affected LN metastasis with
statistical significance, while the extent of the signet
ring cell component did not (Figure 2).
Many studies reported favourable outcomes of
early signet ring cell carcinoma and recommended
endoscopic resection as the primary treatment
option, which is not the case for poorly differentiated
[16-18]
[17]
carcinoma
. Ha et al
demonstrated that signet
ring cell carcinoma within the expanded criteria showed
no LN metastasis and favourable outcomes compared
[18]
to undifferentiated carcinoma. Kim et al
reported
that signet ring cell carcinoma had a lower rate of LN
metastasis compared to poorly differentiated or tubular
adenocarcinoma of the submucosal type. However,
none of aforementioned studies demonstrated the
association of signet ring cell carcinoma in mixed-type
EGCs with LN metastasis. This study demonstrates that
a larger, poorly differentiated histological component
was associated with LN metastasis, whereas a larger
signet ring cell component was not.
There are many limitations and possible errors in
our method of measuring the exact size of the lesions.
We measured the extent of each component by
multiplying the percentage of each component with the
largest diameter of the lesion. Although this method
is not perfect, we believed that it would be sufficiently
indicative of the role of each component.
In conclusion, our results support the use of the
extended criteria for the therapeutic use of ESD in
cases of diffuse-type EGCs, and we recommend careful
identification and quantitative evaluation of each
tumour component in mixed-type EGC specimens
obtained by endoscopic resection.

This study consolidates correlations between clinicopathological characteristics
of early gastric cancer and the risk of LN metastasis, which is important to
select patients that will benefit from endoscopic submucosal dissection. This
paper also shows that the amount of poorly differentiated tumor cells within
mixed type early gastric cancer is correlated with the highest risk of LN
metastasis.

Applications

The results of the our present study support the use of the extended criteria
for the therapeutic use of ESD in cases of diffuse-type EGCs, recommending
careful identification and quantitative evaluation of each tumour component in
mixed-type EGC specimens obtained by endoscopic resection.

Terminology

Gastric adenocarcinoma can be subclassified into intestinal (differentiated) and
diffuse (undifferentiated) types based on gland formation. Diffuse components
are further subdivided into signet ring cell carcinoma and poorly differentiated
carcinoma. In practice, mixed-type EGCs, consisted of intestinal and diffuse
type, are frequently encountered. The expanded criteria for ESD include diffuse
(undifferentiated) mucosal EGC measuring less than 2 cm without ulceration
and lymphovascular tumour emboli.

Peer-review

This paper shows that the amount of poorly differentiated tumor cells within
mixed type early gastric cancer is correlated with the risk of LN metastasis.
They emphasize the need for diligent histological characterization of patient
specimens as conclusion. Their findings are interesting and useful for the future
treatment of early gastric cancer.
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Abstract
AIM: To present a retrospective analysis of clinical and
endoscopic features of 4 cases of immunocompetent
hosts with intestinal histoplasmosis (IH).

Data sharing statement: No additional unpublished data are
available.

METHODS: Four immunocompetent adults were dia
gnosed with IH between October 2005 and March 2015
at West China Hospital of Sichuan University. Clinical
and endoscopic characteristics were summarized and
analyzed retrospectively. GMS (Gomori methenamine
silver), PAS (periodic acid-Schiff) and Giemsa staining
technique were used to confirm Histoplasma cap
sulatum (H. capsulatum ). The symptoms, signs, endo
scopic presentations, radiographic imaging, pathological
stain results and follow-up are presented as tables and
illustrations.

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 cases were male patients, ranging from
33 to 61 years old, and primarily presented with nonspecific symptoms such as irregular fever, weight loss,
abdominal pain and distention. Hepatosplenomegaly
and lymphadenopathy were the most common signs.
Endoscopic manifestations were localized or diffuse
congestion, edema, ulcers, and polypoid nodules with
central erosion involving the terminal ileum, ascending
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colon, transverse colon, descending colon, sigmoid
colon and rectum, similar to intestinal tuberculosis,
tumor, and inflammatory bowel disease. Numerous
yeast-like pathogens testing positive for PAS and
GMS stains but negative for Giemsa were detected in
the cytoplasm of the histiocytes, which were highly
suggestive of H. capsulatum .

manifestation in 2012. Therefore, we searched all
patients with intestinal histoplasmosis and summarized
the results. Here, we present a retrospective analysis
of clinical and endoscopic features of 4 cases of
immunocompetent hosts at our hospital between 2005
and 2015. Among them, 3 cases were DH; the other
case was localized ascending colon IH. Diagnoses were
confirmed by bone marrow or GI tissue culture. Few
of the physicians and endoscopists considered this
disease as a differential diagnosis, and colonoscopies
and fungal cultures were rarely performed. Based on
the collection of clinical and endoscopic manifestations,
gastroenterologists and endoscopists should consider
histoplasmosis as a differential diagnosis, even in
immunocompetent patients.

CONCLUSION: Immunocompetent individuals suffe
ring from histoplasmosis are rarely reported. It is
necessary that gastroenterologists and endoscopists
consider histoplasmosis as a differential diagnosis,
even in immunocompetent patients.
Key words: Intestinal histoplasmosis; Disseminated
histoplasmosis; Immunocompetence; Endoscopic
characteristics; Differential diagnosis

MATERIALS AND METHODS

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

We reviewed the medical records of 4 patients at our
hospital in whom intestinal histoplasmosis was diagnosed
from 2005 to 2015. The diagnosis of IH was made
if lesions of the small bowel, colon or rectum were
identified on endoscopy results in conjunction with any of
the following: positive blood, bone marrow, or GI tissue
culture for Histoplasma capsulatum (H. capsulatum);
histopathologic observation of microorganisms
morphologically consistent with H. capsulatum in tissue
[3]
specimens . The baseline characteristics of these patients
are shown in Table 1. All these immunocompetent
patients were male. Two cases were diagnosed in 2008,
one in 2012 and the last in 2014. None of the patients
were infected with the human immunodeficiency virus or
treated with immunosuppressive drugs.

Core tip: Intestinal histoplasmosis (IH) is an un
common disease. It is more likely to be encountered
in immunocompromised patients. No case series of
IH in immunocompetent patients has been published
so far. This retrospective study included 4 cases of
immunocompetent adults with intestinal histoplasmosis
and focused on presenting the endoscopic char
acteristics. It is necessary that gastroenterologists and
endoscopists consider histoplasmosis as a differential
diagnosis, even in immunocompetent patients.
Zhu LL, Wang J, Wang ZJ, Wang YP, Yang JL. Intestinal
histoplasmosis in immunocompetent adults. World J
Gastroenterol 2016; 22(15): 4027-4033 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i15/4027.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i15.4027

RESULTS
Signs, symptoms and sites of involvement

The most common presenting symptoms were
irregular fever (75%) and weight loss of different
degrees (75%). The highest body temperature was
40.3 ℃, accompanied or not by night sweats and chills.
Abdominal pain and distention (75%) and anorexia
(75%) were the main manifestations of the GI system.
However, empirical antibiotic treatment was ineffective
in improving symptoms. On physical examination, 3
of the patients showed hepatosplenomegaly and 2
showed peripheral lymphadenectasis involving the
submentum or the left armpit, with only one patient
having abdominal tenderness and rebound pain while
he experienced peritonitis.
Among the 4 IH patients, 3 had multiple colon
lesions, though only one lesion was localized at the
ascending colon (Case A). Multiple intestinal lesions
involving the terminal ileum, ascending colon,
transverse colon, descending colon, sigmoid colon, and
rectum were in continuous or multifocal distribution.
DH lesions were mainly distributed in the bone marrow

INTRODUCTION
Disseminated histoplasmosis (DH) is more likely to be
+
encountered in patients whose CD4 cell counts are <
3[1,2]
200 cells/mm
, a condition mostly found in acquired
immune deficiency syndrome (AIDS) patients, and
extremely rarely in patients with human T-lymphotropic
virus 1 (HTLV-1) infection. Gastrointestinal (GI)
involvement in disseminated histoplasmosis can occur
at any site along the GI tract, and particularly in the
terminal ileum due to its abundance of lymphoid
tissue. Intestinal involvement is also primarily found
in immunocompromised patients, whereas cases of
intestinal histoplasmosis (IH) in immunocompetent
hosts have rarely been reported. Although more
than 20000 colonoscopies are performed in our de
partment every year, we found only one patient who
presented with intestinal multiple ulcers as an initial
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Table 1 Baseline characteristics of 4 patients

Age (yr)
Sex
Underlying diseases
Risk factor
HIV
Injection drug use
Glucocorticoids
Other-immunosuppressive agents
CD4 counts (/mm3)
Before treatment
After treatment

Case A

Case B

Case C

Case D

61
Male
Arthritis1

33
Male
No

59
Male
AP, HBV2

28
Male
Onychomycosis3

Negative
Deny
Not used
Not used

Negative
Deny
Not used
Not used

Negative
Deny
Not used
Not used

Negative
Deny
Not used
Not used

Not reported
Not reported

159
221

145
229

86
Not reported

1

Arthritis of the left shoulder with amyotrophy; 2Acute pancreatitis 30 years previously, healed; hepatic B virus (HBV) infection 9 years previously, but
HBsAg (-), anti-HBs(-), HBeAg (-), anti-HBe (+), anti-HBc (+) on admission; 3Onychomycosis in multiple fingernails. HIV: Human immunodeficiency virus;
HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis E antigen.

Table 2 Symptoms, signs and sites of involvement

Symptoms
Fever
Temperature (℃)
Night sweat
Chills
Antibiotic1

Abdominal pain
Abdominal distention
Diarrhea
Anorexia
Pharyngalgia
Cough
Expectoration
Weight loss
Signs
Lymphadenectasis
Abdominal tension
Hepatomegaly
Splenomegaly
(Rebound) tenderness
Shifting dullness
Involvement
Bone marrow
Pulmonary
Colon
Terminal ileum

Case A

Case B

Case C

Case D

No

Yes
35.3-40.3
Yes
No
Levofloxacin3

Yes
35.8-38.7
Yes
No
Anqi4

Right abdomen
Yes
No
Yes
No
No
No
Not apparent

No
No
No
Yes
Yes
Yes
Yes
15 kg

Yes
Yes
No
Yes
No
No
No
4 kg

Yes
35-40.3
Not reported
Yes
Penicillin5, Amikacin5
Azithromycin5
Levofloxacin6
Ceftriaxone5, Xianshu7
Whole abdomen
Upper abdomen
Yes8
Not reported
Not reported
No
No
10 kg

No
No
No
No
No
Negative

Yes9
No
Not palpable
Yes11
No
Negative

No
No
Yes10
Yes12
No
Negative

Yes
Yes
Yes
Yes
Yes
Positive

√

√

√

√
√

√
√

√
√

No
No
Moxifloxacin2
Metronidazole2

√

1

Empirically used, but invalid; 2For 5 d, dosage unknown; 30.4 g iv daily for 26 d; 4Amoxicillin and potassium clavulanate tablets 0.3125 g tid po for 1 wk;
Dosage unknown; 60.4 g iv daily for 28 d in our hospital; dosage unknown in other hospital; 7Cefoperazone sulbactam sodium 2.0 g iv bid for 8 d then 2.0 g
iv tid for 7 d; 8Black watery stool with amount unknown, 7-10 times per day; 91 × 1 cm soft lymphatic node without adhesion in the left armpit; 103 cm below
the right rib border and 5 cm below the xiphoid; 115 cm below the left rib border; 123 cm below the left rib border.
5

and in the lung (Table 2).

the following: an isolated mucosal nodular bulging
lesion approximately 2 cm in diameter with its central
erosion at the ascending colon near the hepatic flexure
(Figure 1A); manifestation as edematous mucosa,
diffuse nodular changes accompanied by aphthoid
ulcers or erosion measuring 0.5-1.0 cm, with colon
marsupium disappearing and intestinal strictures
(Figure 1B); a 1.5 × 1 cm area of isolated swollen

Endoscopic and radiographic imaging

The details of endoscopic and radiographic analyses
are available in Tables 3 and 4. Abnormal findings of
radiographic imaging included bowel wall thickening,
retroperitoneal or intraperitoneal lymphadenopathy,
ascites and hepatosplenomegaly. Colonoscopy showed
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1 mg/d for a total of 1.47-2.79 g followed by oral
itraconazole 200 mg bid for 6 mo. There was a
dramatic response with a rapid change in temperature.
Follow-up endoscopic examinations involving second
and third colonoscopies after 42 d to 1 year (Cases
B, C) were normal. Case D was lost during followup. It is worth noting that the localized ascending
colon histoplasmosis patient (Case A) had fully
recovered without any anti-fungal drugs by his second
colonoscopy after 35 d.

Table 3 Endoscopic findings
Case A
(cm)
Lesions
Protrusions with
erosion
Flat polypoid uplift
Nodular deposits
Edematous mucosa
Multiple ulcers
Stricture
Location and size
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Terminal ileum
Rectum
Biopsy texture

Case B (cm)

Case C
(cm)

√
√
√
√

√
√
√

0.5-1.01
0.5-1.01
0.5-1.01
0.5-1.01

0.3 × 0.3
1 × 0.8

Case D
(cm)

√
√

2.0

Soft

0.5-1.01
Fragile
hemorrhage

1.5 × 1.0
Soft

√

DISCUSSION

0.5
0.3-0.6
0.3-0.6
0.3-0.6
0.5
0.3-0.6
Soft

H. capsulatum is a 2-4 μm yeast which enters the
body primarily through the lungs via inhalation, and
largely causes a self-limited respiratory infection in
[4]
healthy individuals , mainly observed at endemic
levels in areas of the upper Mississippi and Ohio river
[5]
valleys . As it is difficult for macrophages to eliminate
these organisms in immunodeficient patients due to
the absence of cellular immunity, the infection can
disseminate to other organs such as the skin, bone
marrow, spleen, liver, lymphoid node, adrenal gland,
renal tract, central nervous system, and even the GI
tract, which presents as disseminated histoplasmosis.
[1]
Reported immunodeficiency conditions include AIDS ,
[6]
[4]
HTLV-1 infection , hepatitis C infection , renal
failure, and the recent use of a glucocorticosteroid or
[7]
biological agents such as infliximab or etanercept .
However, less than 0.05% of patients have no
[8]
obvious immunosuppressive risk factors , which is
difficult to reconcile with DH. Regarding our cases,
+
3
because the CD4 count was initially 86-159/mm
3
but increased to 221-229/mm after the infection
was treated, we considered this to be an outcome of
the infection, though we did not find any evidence
that H. capsulatum impairs the immune function
[9]
of T-cells . GI involvement occurs in 70%-90% of
[10]
cases of DH , whereas the colon may be involved
in 59.6%. Symptomatic GI histoplasmosis (GIH)
[11]
is uncommon (3%-12% of patients) , primarily
manifesting as abdominal pain, diarrhea, anorexia,
nausea, bilious vomiting, constipation, tenesmus, and
[10]
abdominal tenderness . There are also reports of GI
[12]
complications such as bleeding , bowel obstruction
[1]
and perforation , and even protein loss due to
[11]
enteropathy and hypogammaglobulinemia . Missed
diagnoses can occur because healthcare providers
often do not arrange GI endoscopy examinations due
a lack of GI symptoms.
Four distinct pathological forms have now been
recognized: (1) subclinical, with microscopic clusters
of macrophages in the lamina propria; (2) plaques
and pseudopolyps caused by fungus-containing
macrophages; (3) tissue necrosis and ulceration leading
to abdominal pain, diarrhea and bleeding; and (4)
localized thickening with inflammation of the bowel
[13,14]
that can mimic malignancy or Crohn’s disease
.

1

Lesion distribution in all segments from rectum to descending colon until
the colonoscope could not continue.

rough mucosa in the terminal ileum and 0.3 cm × 0.3
cm, 0.8 cm × 1.0 cm ulcers covered with white fur
located in the ascending and transverse colon, with the
surrounding mucosa hyperemic and swollen (Figure
1D); diffuse flat polypoid mucosa measuring 0.3-0.5
cm located in the rectum, sigmoid colon, descending
colon, transverse colon, ascending colon, and terminal
ileum (Figure 1C).

Histology

All of the biopsy specimens of the ascending colon,
transverse colon, sigmoid colon, rectum, and des
cending colon showed increased accumulation of
histiocytes, with formations of multinucleated giant
cells in the mucosa; numerous yeast-like pathogens
testing positive for PAS (periodic acid-Schiff) and GMS
(Gomori methenamine silver) stains but negative
for Giemsa were detected in the cytoplasm of the
histiocytes (Cases B, C;). No specific staining was
observed for Case D. The ascending colon specimen
of Case A showed inflamed granulated tissue, with
a large number of interstitial foam cells; PAS, GMS,
and Giemsa stains were positive, whereas acid-fast
staining was negative, indicating mycotic granulomatous
inflammation consistent with histoplasmosis. Bone
marrow smears showed multiple oval or round
organisms with amaranth nuclei and surrounding
capsule-like unstained halos, which within the context
of phagocytes are highly suggestive of H. capsulatum
(Cases B, D; Figure 2A-D). Bone marrow biopsy was
also positive for PAS and GMS staining, compatible
with a diagnosis of histoplasmosis (Case C).

Treatment and follow-up

Three of the DH patients were started on intravenous
amphotericin B deoxycholate at an initial dose of
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Table 4 Radiographic findings

Abdominal
Lesions

Location
Chest
Lesions
Location

Case A

Case B

Case C

Case D

Bowel-wall thickening

Hepatosplenomegaly

Hepatic cyst

Hepatosplenomegaly
Splenic infarction
Lymphadenopathy
Ascites
Intraperitoneal
Retroperitoneal

Nodular shadows1

Pleural-effusion
Atelectasis
right lower lobe

Pleural-effusion

Ascending colon
Ileocecal

Small nodular
right middle lobe
left inferior lobe

right lower lobe

1

1.7 cm nodular shadow in the dorsal segment of the right lower lobe, with shrinkage after treatment.

A

B

C

D

Figure 1 Pathological stain results of Histoplasma capsulatum in bone marrow. A: Wright-Giemsa stained bone marrow aspirate. There were numerous round
or oval H. capsulatum of relatively uniform size in phagocyte and cytoplasm. It is round at one end and pointed at the other. Karyon was stained fuchsia, surrounded
by peri-nuclear halos and the shape was capsule-like; B-D: Numerous uniform oval-shaped yeasts suggesting H. capsulatum were found in the amina propria stroma
in the descending colon biopsy. [B: Gomori methenamine silver stain (magnification × 100); C: Hematoxylin and eosin stain (magnification × 40); D: Periodic acidSchiff stain (magnification × 40)]. H. capsulatum: Histoplasma capsulatum.

Lesions found during endoscopies, laparotomies, or
autopsies include single or continuous superficial
mucosal ulcerations, deep bleeding ulcers with
or without frank perforations, friable and masscontaining areas of necrosis, and obstructions due
[10]
to circumferential exophytic thickening . Diffuse
ulcerations were detected in 85.7% (12/14) of AIDS
GIH patients, with 10/14 (71.4%) involving only
[3]
the colon or cecum . Despite the fact that these
manifestations mimic many other GI diseases, such
as Crohn’s disease, tuberculosis, carcinomas, and
lymphomas, the cause is often not considered to be

WJG|www.wjgnet.com

histoplasmosis in the differential diagnosis, leading
to inappropriate therapies and unnecessary surgical
[10]
interventions .
A variety of diagnostic exams, including direct
microscopic examination, cultures, antigen detection,
and serological tests for antibodies have been
described, and a tissue biopsy should be performed as
soon as possible. Samples can be obtained from the
blood, bone marrow, liver, skin lesions, or any other
site of infection. Cultures are positive in approximately
85% of cases, though multiple specimens must be
[10,15]
cultured to achieve the highest yield
. Overall,
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A

B

C

D

Figure 2 Endoscopic manifestations of Histoplasma capsulatum infection. A: Isolated mucosal nodular bulging lesion about 2 cm with central erosion; B: Diffuse
nodular changes accompanied by aphthoid ulcers or erosion measuring 0.5-1.0 cm; C: Diffuse flat polypoid mucosa measuring 0.3-0.5 cm; D: 0.8 cm × 1.0 cm ulcer
covered with white fur.

Research frontiers

52.9% of patients exhibited positive culture results for
blood, bronchoalveolar lavage, lymph node, liver, and
spleen specimens, whereas 90.9% of GI specimens
[1]
were positive . Thus, in addition to pathoscopy,
specimens should be submitted for microscopic
examination, and fungi from mucosal lesions of the
[10]
GI tract identified at endoscopy should be cultured .
GIH has excellent long-term survival with aggressive
therapy, such as anti-mycete therapies. However,
untreated disseminated histoplasmosis is almost
always fatal.
In summary, it is important to arrange GI endo
scopies for DH cases, even with a lack of GI tract
symptoms or in patients with normal immune function.
Endoscopists and GI physicians should be aware
of histoplasmosis in the GI tract, especially when it
manifests as ulceration, and a sample should be sent
for culture as soon as possible.

IH in immunocompetent adults is an uncommon disease. Few reports have
included this disease so far. It is necessary that gastroenterologists and
endoscopists consider it as a differential diagnosis.

Innovations and breakthroughs

To improve the clinical recognition of intestinal histoplasmosis, this study
presents the symptoms, signs, endoscopic presentations, radiographic imaging,
pathological staining, and follow-up of 4 IH patients.

Applications

Endoscopic manifestations of IH are somewhat similar to intestinal tuberculosis,
tumor, and inflammatory bowel disease. Based on collection of clinical and
endoscopic manifestations, gastroenterologists and endoscopists should
consider histoplasmosis as a differential diagnosis, even in immunocompetent
patients.

Terminology

DH: is an AIDS defining illness which usually involves the gastrointestinal tract.

Peer-review

This study summarized the characteristics of 4 cases of immunocompetent
adults with intestinal histoplasmosis. Although the cases are few, they are
interesting.
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Abstract
AIM: To evaluate whether sorafenib use after resection
impacts tumor relapse and survival in Barcelona Clinic
Liver Cancer (BCLC) stage C hepatocellular carcinoma
(HCC).

Institutional review board statement: The study was reviewed
and approved by the First Affiliated Hospital of Kunming
Medical University Institutional Review Board.

METHODS: This retrospective study enrolled 36
male BCLC stage C HCC patients with portal vein
thrombus and Child-Pugh class A liver function. Twentyfour patients received only surgical resection (SR),
and 12 patients received oral sorafenib within 30 d
after surgery. The primary outcomes were time to
progression (TTP) (the time from surgical resection
until HCC recurrence or extrahepatic metastases) and
overall survival (OS). The secondary outcome was the
rate of postoperative recurrence or metastasis. TTP and
OS were analyzed using Kaplan Meier curves.

Informed consent statement: This is a retrospective study,
informed consent is not required.
Conflict-of-interest statement: None declared.
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
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: There were no significant differences
between the two groups in the serum levels of
alpha-fetoprotein, copies of hepatitis B virus-DNA,
preoperative laboratory results, degree of hepatic
fibrosis, types of portal vein tumor thrombus, number
of satellite lesions, tumor diameter, pathological results,
volume of blood loss, volume of blood transfusion,
or surgery time (all p > 0.05). Patients in the SR +
sorafenib group had a significantly longer TTP (29 mo
vs 22 mo, p = 0.041) and a significantly longer median
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OS (37 mo vs 30 mo, p = 0.01) compared to patients
in the SR group. The SR group had 18 cases (75%)
of recurrence/metastasis while the SR + sorafenib
group had six cases (50%) of recurrence/metastasis.
A total of 19 patients died after surgery (five in the SR
+ sorafenib group and 14 in the SR group). The most
common sorafenib-related adverse events were skin
reactions, diarrhea, and hypertension, all of which were
resolved with treatment.

where abnormal neovascularization is identified and
injected with an emulsion of chemotherapeutic drug
and lipidol and then embolized with gelfoam to induce
[10]
tumor necrosis . Although repeated treatment
with TACE was associated with improved survival in
[9]
patients with intermediate HCC , its use is limited to
[11]
patients with well-compensated cirrhosis . SR was
shown to result in high hepatic functional reserve in
HCC patients with portal vein tumor thrombus (PVTT),
while postoperative TACE delayed recurrence and
prolonged overall survival (OS) in patients who could
[12]
tolerate the treatment . Interestingly, TACE has been
shown to induce neoangiogenesis and upregulation of
vascular endothelial growth factor (VEGF), which is an
[13]
independent negative predictor of survival .
Patients with advanced HCC have a poor pro
[14]
gnosis . The multi-kinase inhibitor sorafenib, which is
the only approved agent recommended by the AASLD
for HCC BCLC Stage C, is currently recommended
[14-16]
as the first-line therapy in these patients
. Two
randomized controlled clinical trials recently showed
that sorafenib prolonged OS and delayed the time to
[17,18]
progression (TTP) in patients with advanced HCC
,
likely by inhibiting a number of growth factor pathways,
including VEGFR-1,-2,-3, platelet derived growth factor
receptor (PDGFR)-β, Raf, rearranged during transfection
[19]
(RET), and FMS-like tyrosine kinase (FLT)-3 . However,
certain BCLC stage C patients with Child-Pugh class A
liver function have been shown to have better outcomes
[20,21]
with SR than with sorafenib monotherapy
. Addi
tionally, recent reports, which showed that (1) advanced
HCC patients at BCLC stage C had favorable outcomes
with SR, and (2) the presence of multinodular tumors,
macrovascular invasion, and portal hypertension
were not contraindications for SR, suggested that the
guidelines for the use of sorafenib monotherapy for
[22,23]
advanced HCC should be re-evaluated
.
The main purpose of this retrospective study was
to evaluate whether sorafenib use after liver resection
had an impact on tumor relapse and OS in BCLC stage
C HCC patients. We also evaluated the safety and
tolerability of oral sorafenib after surgical resection in
these patients.

CONCLUSION: Sorafenib after SR was well-tolerated.
Patients who received sorafenib after SR had better
outcomes compared to patients who received only SR.
Key words: Hepatocellular carcinoma; Survival; Hepatic
resection; Sorafenib; Recurrence
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Barcelona Clinic Liver Cancer stage C patients
with portal vein thrombus and Child-Pugh class A
liver function who received sorafenib after surgical
resection had significantly longer overall survival (37
mo vs 20 mo, p = 0.01) and significantly longer time
to progression compared to patients who received
only resection (29 mo vs 22 mo, p = 0.041). Our data
suggested that better outcomes can be achieved with
sorafenib after surgical resection, rather than sorafenib
monotherapy.
Li J, Hou Y, Cai XB, Liu B. Sorafenib after resection improves
the outcome of BCLC stage C hepatocellular carcinoma. World
J Gastroenterol 2016; 22(15): 4034-4040 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i15/4034.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i15.4034

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common malignancy and the third leading cause
[1]
of cancer-related deaths worldwide . The most
important risk factors for HCC include hepatitis B virus
(HBV) infection, hepatitis C virus (HCV) infection,
[2-4]
and the presence of liver cirrhosis . The Barcelona
Clinic Liver Cancer (BCLC) classification system
recommended a standard classification system for
the treatment of HCC that has been accepted by the
American Association for the Study of Liver Disease
(AASLD) and the European Association for the
[5]
Study of Liver . Based on these guidelines, patients
diagnosed with HCC at an early stage (BCLC Stage
0, A) currently undergo surgical resection (SR), liver
transplantation, or percutaneous ablation and have
[3,6,7]
a survival rate of 60%-70%
. However, HCC
recurrence after these therapies is still common.
Patients at an intermediate stage (BCLC Stage B)
[8,9]
undergo transarterial chemoembolization (TACE) ,
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MATERIALS AND METHODS
This retrospective study evaluated the medical records
of 36 male HCC patients who underwent surgical
resection and were treated at the First Affiliated
Hospital of Kunming Medical University between
January 2009 and December 2013. All patients were
HBV positive and had cirrhosis.
Inclusion criteria were: (1) age 18-70 years old;
(2) newly diagnosed liver cancer with no treatment
received prior to surgical resection; (3) BCLC stage
C [tumor thrombus in left/right branches or main
portal vein; Eastern Cooperative Oncology Group
(ECOG) performance status (PS) ≤ 2], Child-Pugh
liver function class A; (4) tumor confined to left/right

4035

April 21, 2016|Volume 22|Issue 15|

Li J et al . Sorafenib after resection for HCC
lobe (single or multiple); maximum tumor diameter ≥
5 cm; all patients underwent anatomic left/right lobe
resection + thrombus dissection, with negative surgery
margin (R0). All operative procedures were classified
[24]
according to the Brisbane terminology . Anatomic
left/right lobe resection was defined as resection of the
tumor along with the related portal vein branches and
corresponding hepatic artery territory; (5) patients
treated with oral sorafenib received a dose of 200-800
mg/d within 30 d after surgery. The dose was reduced
to 200 mg twice daily in the event of drug-related
adverse effects; and (6) time of follow up ≥ 6 mo
(before June 2014); patients underwent at least once
B-type ultrasound or computed tomography (CT)/
magnetic resonance (MR) + chest X-ray every 2 mo
during the follow-up period (if B-type ultrasound or Xray found a new lesion, a confirmatory CT/MR scan
was performed).
Exclusion criteria were: (1) presence of acute
or chronic lesions in other organs outside the liver;
(2) presence of metastases or suspected metastatic
lesions outside the liver; (3) presence of other tumors
at the time of diagnosis or during the follow-up period;
(4) patient received any treatments (including TACE
or RF) other than sorafenib after SR and before tumor
recurrence or metastasis; and (5) tumor recurrence
or metastasis within 3 mo after surgical resection or
unnatural death during follow-up.

oral sorafenib after SR (SR + sorafenib group) and
24 received only SR (SR group). None of the patients
exhibited any serious complications, including liver
dysfunction, bleeding, or infection, within 30 d of
surgical resection.

Demographics and baseline clinical characteristics

Table 1 summarizes the demographics and baseline
clinical characteristics in the SR + sorafenib and the
SR groups. All study patients were male. The average
ages of patients in the SR + sorafenib and the SR
groups were 49.8 ± 6.5 years and 52.8 ± 6.9 years,
respectively (p = 0.226). There were no significant
differences in the serum levels of alpha fetoprotein (AFP),
copies of HBV-DNA, preoperative laboratory results,
degree of hepatic fibrosis, types of PVTT, number of
satellite lesions, tumor diameter, pathological results,
volume of blood loss, volume of blood transfusion, or
surgery time between the two groups (all p > 0.05).

Post-operative recurrence rate, TTP, and OS

The median follow-up time after SR for all patients
was 23 mo (range of 9-54 mo). During the follow-up
period, a total of 19 patients experienced residual liver
relapse (n = 5 in the SR + sorafenib group, and n =
14 in the SR group), three patients developed lung
metastasis (n = 1 in the SR + sorafenib group, and
n = 2 in the SR group), one patient developed right
adrenal gland metastasis (n = 1 in the SR group), and
one patient developed thoracic vertebral metastasis
(n = 1 in the SR group) (data not shown). The rate
of patients with at least once recurrence (including
relapse or metastasis) was, therefore, derived as 50%
(6/12) for the SR + sorafenib group and 75% (18/24)
for the SR group (p = 0.157) (Table 1).
Patients in the SR + sorafenib and SR groups had
a median TTP of 29 mo (95%CI: 26.5-31.5 mo) and
22 mo (95%CI: 18.0-26.0 mo), respectively. The logrank test showed that this difference was significant (p
= 0.041), suggesting that sorafenib therapy after SR
might prolong the time until recurrence compared to
SR alone (Figure 1).
A total of 19 patients died after surgery (five in the
SR + sorafenib group and 14 in the SR group) (Table
1). The SR + sorafenib and SR groups had median
OS times of 37 mo (95%CI: 34.8-39.2 mo) and 30
mo (95%CI: 24.1-36.0 mo), respectively. The logrank test showed that this difference was significant
(p = 0.010), suggesting that patients who received
sorafenib therapy after SR had longer survival times
compared to patients who received only SR (Figure 2)

Outcome measures

The primary outcome was TTP (the time from SR until
HCC recurrence or extrahepatic metastases discovered
by CT/MR) and OS. The secondary outcome was the
rate of postoperative recurrence or metastasis.

Statistical analysis

The demographic data and clinical characteristics
of the patients were summaized as mean ± SD for
continuous data, n (%) for categorical data, and
median (range: min to max) for time-related data.
Differences between groups were compared using two2
sample t-test for continuous data, Pearson χ test or
Fisher exact test for categorical data, and log-rank test
for time-related data. Additionally, a Mann-Whitney
U test was considered for continuous data if data
did not follow normal distribution. Time-related data
(TTP and OS times) are represented using KaplanMeier curves, and differences between groups were
analyzed by the log-rank test. The TTP and OS times
were also summarized as median with 95%CI for both
groups, separately. All statistical assessments were
two-tailed, and p < 0.05 was considered statistically
significant. All statistical analyses were performed
using the Statistical Package for Social Sciences 17.0
for Windows (SPSS Inc., Chicago, IL, United States).

Adverse events

The most common sorafenib-related adverse events
during the follow-up period included hand-foot-skin
reaction (11 patients; 91.67%), diarrhea (10 patients;
83.3%), and hypertension (10 patients; 83.3%). All
the sorafenib-related adverse events were resolved
with treatment, and no treatment-related deaths

RESULTS
Of a total of 36 study patients, 12 patients received
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1.0

Table 1 Patients’ demographics and clinical characteristics by
group n (%)
SR

(n = 12)

(n = 24)

49.8 ± 6.5

52.8 ± 6.9

10 (83.3)
2 (16.7)
9.8 ± 2.1

19 (79.2)
5 (20.8)
11.2 ± 2.5

3 (25.0)
7 (58.3)

2 (8.3)
18 (75)

2 (16.7)

4 (16.7)

4 (33.3)

9 (37.5)

4 (33.3)
8 (66.7)

6 (25)
18 (75)

9 (75)
3 (25)

20 (83.3)
4 (16.7)

2 (16.7)
10 (83.3)

3 (12.5)
21 (87.5)

10 (83.3)
2 (16.7)

19 (79.2)
5 (20.8)

0.8

P value

Recurrence rate (%)

Age1, yr
ECOG PS score2
0
1
Largest tumor diameters1, cm
Pathologic results3
Well differentiated (grade 1)
Moderately differentiated
(grade 2)
Poorly differentiated
(grade 3)
Satellite lesion4, n
AFP
< 400 ng/mL
≥ 400 ng/mL
HBV-DNA
< 1000 cps/mL
≥ 1000 cps/mL
Degree of fibrosis5
0-2
3-4
Types of PVTT6
First-order branch (VP3)
Main trunk (VP4)
Preoperative laboratory
results
ALT1, μmol/L
Albumin1, g/L
Bilirubin1, μmol/L
Hemoglobin1, g/L
Platelet count1, 109/L
Prothrombin time1, s
INR7
Blood loss7, mL
Blood transfusion7, mL
Surgery time7, min
TTP times8, mo
Patients with recurrence after
SR2
Survival times8, mo
Patients died after SR2

SR + sorafenib

0.226
1.000

0.103
0.404

0.6
SR + sorafenib group
0.4
SR group
0.2

0.0
0

12

24

36

48

60

TTP, mo
1.000
0.700

Figure 1 Kaplan-Meier curve of time-to-progression in the surgical
resection + sorafenib and surgical resection groups. The median time to
progression (TTP) was estimated from the patients with equivalent as 0.5 and
derived as 29 mo (95%CI: 26.5-31.5 mo) and 22 mo (95%CI: 18.0-26.0 mo)
for surgical resection (SR) + sorafenib and SR groups, respectively. + indicates
censored patients. The log-rank test showed a significant difference in the TTP
between groups (P = 0.041).

0.664

1.000

0.764

1.0

0.8
57.3 ± 19.9
39.5 ± 3.5
17.4 ± 4.5
137.3 ± 10.9
185.4 ± 46.2
12.1 ± 1.0
1.4 ± 0.5
304.2 ± 151.4
37.5 ± 93.2
218.3 ± 33.3
26.5 (14-54)
6 (50)
32 (21-58)
5 (41.7)

50.8 ± 22.1
39.9 ± 4.5
19.8 ± 6.0
132.0 ± 7.8
164.3 ± 48.6
12.0 ± 1.0
1.3 ± 0.4
343.8 ± 143.2
62.5 ± 124.5
232.5 ± 47.8
21.5 (9-34)
18 (75)

0.397
0.781
0.236
0.103
0.220
0.785
0.436
0.458
0.679
0.265
0.0419
0.157

25.5 (11-37)
14 (58.3)

0.0109
0.483

OS rate (%)

Variables

SR + sorafenib group
SR group

0.4

0.2

0.0
0

12

24
36
Survival time, mo

48

60

Figure 2 Kaplan-Meier curve of overall survival times in the surgical
resection + sorafenib and surgical resection groups. The median overall
survival (OS) time was estimated from the patients with equivalent as 0.5 and
derived as 37 mo (95%CI: 34.8-39.2 mo) and 30 mo (95%CI: 24.1-36.0 mo) for
the surgical resection (SR) + sorafenib and SR groups, respectively. + indicates
censored patients. The log-rank test showed a significant difference in the OS
times between groups (P = 0.010).

1

mean ± SD for continuous data, differences between groups were
compared using two-sample t-test; 2n (%) categorical data and differences
between groups were compared using Pearson χ 2 test; 7Mann-Whitney U
test; 3median (range: min to max) for time-related data, and differences
between groups were compared using Fisher exact test; 8Log-rank test was
used for time-related data; 4Satellite lesions were defined as tumors ≤ 2 cm
in size that were located within a distance of 2 cm from the main tumor;
5
The degree of fibrosis of the hepatic parenchyma was graded according
to the classification of Ishak et al[39] grade 0-2, no or minimal fibrosis; grade
3-4, incomplete bridging fibrosis; grade 5-6, complete fibrosis and nodules;
6
PVTT was typed according to the classification of primary liver cancer by
the Liver Cancer Study Group of Japan[40]. Patients were defined as having
a tumor thrombus in the first-order branch (VP3) and the main trunk (VP4)
of the portal vein; 9P < 0.05, indicates a significant difference between two
groups. SR: surgical resection; AFP: alpha fetoprotein; HBV: hepatitis B
virus; ALT: alanine aminotransferase; PVTT: portal vein tumor thrombus;
TTP: time to progression.
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0.6

occurred (data not shown).

DISCUSSION
In this study, we showed that BCLC stage C patients
who received sorafenib after SR had significantly
longer OS and significantly longer TTP compared to
patients who received only SR. There were fewer cases
of recurrence/metastasis in the SR + sorafenib group
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compared to the SR only group. Sorafenib after SR
was generally safe and well-tolerated.
Based on the current standard of care, patients
with advanced HCC (stage B or C) who cannot undergo
radical resection, receive local palliative treatment,
including TACE, hepatic arterial infusion chemotherapy,
[10,25,26]
and systemic chemotherapy
. Patients with
stage C (defined as portal vein aggressiveness, lymph
node or distant metastasis, ECOG PS ≤ 2, Child-Pugh
liver function class A or B) are treated with sorafenib,
which is an oral multi-kinase inhibitor with anti-tumor
[27-29]
activity
. The multi-center European Sorafenib
Hepatocellular Carcinoma Assessment Randomized
Protocol (SHARP) trial, which evaluated the efficacy of
sorafenib monotherapy (400 mg twice daily) in 602
HCC BCLC stage C patients with Child-Pugh class A
liver function, showed a significantly lower OS in the
placebo group compared to the sorafenib group (7.9
[18]
mo vs 10.7 mo, HR = 0.69; 95%CI: 0.55-0.87) .
These data were similar to a study in the Asia-Pacific
region that demonstrated an improvement in OS from
4.2 mo in the placebo group to 6.5 mo in the sorafenib
[17]
group (HR = 0.68; 95% CI: 0.50-0.93) . The shorter
OS in the latter trial compared to the SHARP study
could be because of the higher number of cases with
extrahepatic metastases, larger tumor diameters,
higher ECOG PS scores, and higher AFP levels
compared to the SHARP trial. Data from both trials
formed the basis for the widespread recommendation
of sorafenib for the treatment of advanced liver
cancer. It was recently suggested that the relatively
low response rates in sorafenib-treated patients
could be because sorafenib induces tumor dormancy
and a prolonged duration of stable disease (SD).
Interestingly, patients with a longer duration of SD
had a better OS compared to patients with a shorter
[30]
duration of SD .
In contrast, data from two HCC clinical institutes in
Asia showed that selected HCC patients at BCLC stage
C had better outcomes with SR compared to other
[20,21]
treatment modalities
. Similarly, a recent study
that used the same inclusion criteria as the SHARP
trial (BCLC stage C, Child-Pugh class A, ECOG PS ≤
2) showed that patients who received SR (n = 68),
locoregional ablation therapy (n = 8); transarterial
embolization (n = 140); systemic chemotherapy or
radiotherapy (CT/RT, n = 96) and sorafenib (n = 11)
had a median OS of 33.4 mo, 9.5 mo, 9.2 mo, 6.6 mo,
[31]
and 15.7 mo, respectively . These data suggested
that some advanced HCC patients who had tumors in
a single lobe without extrahepatic spread had a better
prognosis with SR compared to other methods.
There are currently no studies that have
investigated the use of sorafenib after SR for advanced
HCC. In our present study, we used the same inclusion
criteria as the SHARP study. We included only newly
diagnosed, naïve HCC patients in order to avoid the
confounding effects of previous therapy. Additionally,
all our study patients who underwent SR received no
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other treatment except for sorafenib prior to tumor
recurrence. We used a follow-up time period of > 6
mo because of the difficulty in differentiating early
recurrence from a residual tumor. A longer term followup is necessary to evaluate therapeutic efficacy. In
this study, all the patients in the SR + sorafenib group
received sorafenib within 30 d after surgery. This was
because (1) comparisons between the two groups
would be more reliable if all the patients were at a
similar stage of recovery after SR, and (2) sorafenib
would inhibit any VEGF-mediated promotion of tumor
growth in patients who had a sub-optimal response
to SR. It is important to note that sorafenib treatment
is usually initiated 2 wk after SR, since sorafenib is
known to delay healing.
Our data showed that BCLC stage C HCC patients
who received oral sorafenib treatment after SR had
a significantly longer TTP and a significantly longer
median OS than patients who received only SR.
Patients in the SR + sorafenib group also had a lower
rate of tumor recurrence and extrahepatic metastasis
than the SR only group. Interestingly, our data showed
that patients in the SR + sorafenib as well as the SR
groups had a longer TTP than the OS of patients in the
sorafenib group from the SHARP study (29 mo and
22 mo vs 11 mo). These data suggested that it may
be advantageous to use sorafenib after SR, rather
than sorafenib monotherapy, in order to have better
outcomes. Our data also showed that sorafenib was
safe and well-tolerated. All sorafenib-related adverse
events were resolved with dose reduction treatment,
[32]
as previously reported . Our data were consistent
with a recent study that reported that adjuvant
sorafenib therapy after hepatic resection in HCC
patients resulted in reduced mortality and prolonged
OS, possibly via inhibition of tumor growth after tumor
[33]
recurrence .
Sorafenib has been shown to have anti-angiogenic
as well as antitumor activities, possibly mediated via a
number of tyrosine kinases, including VEGF, PDGFRs,
Raf, and the phosphatidylinositol 3 kinase (PI3K)/Akt/
mammalian target of rapamycin (mTOR) signaling
[29,34-37]
pathways
. Since vascular invasion was shown
[38]
to be a critical predictor of HCC recurrence , it will be
important to define further the mechanism of action of
sorafenib in order to optimize the clinical management
of patients with advanced HCC.
Since the cost of sorafenib therapy in China is
almost three times the cost of SR, a few patients with
advanced HCC are sometimes recommended SR by
experienced physicians after a careful case-by-case
assessment. The criteria for allowing SR in this group
of patients are very restricted, making it a challenge
to study large sample sizes. Although it is important to
investigate whether the two groups were comparable
for characteristics, such as presence of satellite
tumors, and etiology of cirrhosis with HBV/HCV, the
small sample size of our study precluded such an
analysis. Indeed, the major limitation of this study was
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the small sample size. Other limitations were (1) its
retrospective nature; and (2) factors such as surgeon
preference and the socio-economic heterogeneity of
our study population. The decision to be treated with
sorafenib was largely based on the condition of the
patients, and this could result in an overestimation of
the effect of sorafenib after SR. Additionally, our study
patients received different HCC treatment modalities
(TACE, RAF, Chinese traditional medicines, or experi
mental immunotherapy) after tumor recurrence or
metastasis. OS comparison may be impacted by these
confounding factors.
In conclusion, our data showed that BCLC stage
C HCC patients with Child-Pugh class A liver function
who received oral sorafenib after SR had better
postoperative TTP. It is important to validate our data
via large multicenter randomized controlled trials.

2

3
4

5
6

7

COMMENTS
COMMENTS
Background

Patients with advanced hepatocellular carcinoma (HCC) have a poor prognosis.
The multi-kinase inhibitor sorafenib is the currently recommended first-line
therapy for patients with HCC Barcelona Clinic Liver Cancer (BCLC) Stage C
based on data from two recent randomized controlled clinical trials that showed
that sorafenib prolonged overall survival (OS) and delayed time to progression
(TTP). However, certain BCLC stage C patients with Child-Pugh class A liver
function had better outcomes with surgical resection than with sorafenib
monotherapy, suggesting a need to re-evaluate the guidelines for the use of
sorafenib monotherapy for advanced HCC. This retrospective study evaluated
whether sorafenib use after liver resection had an impact on tumor relapse and
OS in BCLC stage C HCC patients.

8

9

10

Research frontiers

11

Although sorafenib is currently the standard of care for advanced HCC, certain
patients have better outcomes with surgical resection rather than with sorafenib
monotherapy. this study investigated the use of sorafenib after surgical
resection in specific groups of patients with advanced HCC and contributes to
our ability to improve the clinical management of these patients.

12

Innovations and breakthroughs

There are currently no studies that have investigated the use of sorafenib after
surgical resection (SR) for advanced HCC. The authors’ data indicated that
sorafenib after SR was safe and well-tolerated. BCLC stage C patients who
received sorafenib after SR had significantly longer OS, significantly longer TTP,
and a lower rate of recurrence/metastasis compared to patients who received
only SR.

13

14

Applications

Sorafenib therapy after surgical resection may result in better postoperative
TTP in certain populations of HCC BCLC stage C patients with Child-Pugh
class A liver function who may not benefit from sorafenib monotherapy. This
study calls for re-evaluation of current guidelines for treating advanced HCC.

15

Peer-review

The manuscript is an interesting study showing the benefit of using adjuvant
sorafenib in patients in BCLC C after liver resection. The article is wellorganized, and the study objectives are clearly stated in the introduction,
pointing out the relevance of this study. The study is built stepwise, and the
description of the results is well-written.

16

17

REFERENCES
1

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global

WJG|www.wjgnet.com

4039

cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID:
21296855 DOI: 10.3322/caac.20107]
Chen CJ, Yu MW, Liaw YF. Epidemiological characteristics
and risk factors of hepatocellular carcinoma. J Gastroenterol
Hepatol 1997; 12: S294-S308 [PMID: 9407350 DOI: 10.1111/
j.1440-1746.1997.tb00513.x]
Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.
Lancet 2003; 362: 1907-1917 [PMID: 14667750 DOI: 10.1016/
S0140-6736(03)14964-1]
Chiaramonte M, Stroffolini T, Vian A, Stazi MA, Floreani A,
Lorenzoni U, Lobello S, Farinati F, Naccarato R. Rate of incidence
of hepatocellular carcinoma in patients with compensated viral
cirrhosis. Cancer 1999; 85: 2132-2137 [PMID: 10326690]
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]
Bruix J, Sherman M; American Association for the Study of Liver
Diseases. Management of hepatocellular carcinoma: an update.
Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI: 10.1002/
hep.24199]
Kuo YH, Lu SN, Chen CL, Cheng YF, Lin CY, Hung CH, Chen
CH, Changchien CS, Hsu HC, Hu TH, Lee CM, Wang JH.
Hepatocellular carcinoma surveillance and appropriate treatment
options improve survival for patients with liver cirrhosis. Eur
J Cancer 2010; 46: 744-751 [PMID: 20060710 DOI: 10.1016/
j.ejca.2009.12.018]
Cammà C, Schepis F, Orlando A, Albanese M, Shahied L,
Trevisani F, Andreone P, Craxì A, Cottone M. Transarterial chemo
embolization for unresectable hepatocellular carcinoma: metaanalysis of randomized controlled trials. Radiology 2002; 224:
47-54 [PMID: 12091661 DOI: 10.1148/radiol.2241011262]
Llovet JM, Bruix J. Systematic review of randomized trials
for unresectable hepatocellular carcinoma: Chemoembolization
improves survival. Hepatology 2003; 37: 429-442 [PMID:
12540794 DOI: 10.1053/jhep.2003.50047]
Lencioni R. Chemoembolization in patients with hepatocellular
carcinoma. Liver Cancer 2012; 1: 41-50 [PMID: 24159570 DOI:
10.1159/000339019]
Colombo M, Sangiovanni A. Treatment of hepatocellular
carcinoma: beyond international guidelines. Liver Int 2015; 35
Suppl 1: 129-138 [PMID: 25529098 DOI: 10.1111/liv.12713]
Ye JZ, Zhang YQ, Ye HH, Bai T, Ma L, Xiang BD, Li LQ.
Appropriate treatment strategies improve survival of hepatocellular
carcinoma patients with portal vein tumor thrombus. World J
Gastroenterol 2014; 20: 17141-17147 [PMID: 25493028 DOI:
10.3748/wjg.v20.i45.17141]
Sergio A, Cristofori C, Cardin R, Pivetta G, Ragazzi R, Baldan A,
Girardi L, Cillo U, Burra P, Giacomin A, Farinati F. Transcatheter
arterial chemoembolization (TACE) in hepatocellular carcinoma
(HCC): the role of angiogenesis and invasiveness. Am J
Gastroenterol 2008; 103: 914-921 [PMID: 18177453 DOI:
10.1111/j.1572-0241.2007.01712.x]
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]
Bruix J, Sherman M; Practice Guidelines Committee, American
Association for the Study of Liver Diseases. Management of
hepatocellular carcinoma. Hepatology 2005; 42: 1208-1236 [PMID:
16250051 DOI: 10.1002/hep.20933]
Jeng WJ, Lin CC, Chen WT, Sheen IS, Lin CY, Lin SM.
Adjuvant therapy for hepatocellular carcinoma after curative
treatment. Dig Dis 2014; 32: 747-754 [PMID: 25376293 DOI:
10.1159/000368017]
Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo R,
Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang J, Tak
WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy and
safety of sorafenib in patients in the Asia-Pacific region with

April 21, 2016|Volume 22|Issue 15|

Li J et al . Sorafenib after resection for HCC

18

19

20

21

22

23

24

25

26
27

28

29

advanced hepatocellular carcinoma: a phase III randomised,
double-blind, placebo-controlled trial. Lancet Oncol 2009; 10:
25-34 [PMID: 19095497 DOI: 10.1016/S1470-2045(08)70285-7]
Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M, Porta
C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF, Borbath
I, Häussinger D, Giannaris T, Shan M, Moscovici M, Voliotis D,
Bruix J. Sorafenib in advanced hepatocellular carcinoma. N Engl
J Med 2008; 359: 378-390 [PMID: 18650514 DOI: 10.1056/
NEJMoa0708857]
Tai WT, Cheng AL, Shiau CW, Huang HP, Huang JW, Chen PJ,
Chen KF. Signal transducer and activator of transcription 3 is a
major kinase-independent target of sorafenib in hepatocellular
carcinoma. J Hepatol 2011; 55: 1041-1048 [PMID: 21354226
DOI: 10.1016/j.jhep.2011.01.047]
Wang JH, Changchien CS, Hu TH, Lee CM, Kee KM, Lin CY,
Chen CL, Chen TY, Huang YJ, Lu SN. The efficacy of treatment
schedules according to Barcelona Clinic Liver Cancer staging for
hepatocellular carcinoma - Survival analysis of 3892 patients. Eur
J Cancer 2008; 44: 1000-1006 [PMID: 18337087 DOI: 10.1016/
j.ejca.2008.02.018]
Changchien CS, Chen CL, Yen YH, Wang JH, Hu TH, Lee CM,
Wang CC, Cheng YF, Huang YJ, Lin CY, Lu SN. Analysis of 6381
hepatocellular carcinoma patients in southern Taiwan: prognostic
features, treatment outcome, and survival. J Gastroenterol 2008;
43: 159-170 [PMID: 18306990 DOI: 10.1007/s00535-007-2134-9]
Yang T, Lin C, Zhai J, Shi S, Zhu M, Zhu N, Lu JH, Yang GS,
Wu MC. Surgical resection for advanced hepatocellular carcinoma
according to Barcelona Clinic Liver Cancer (BCLC) staging. J
Cancer Res Clin Oncol 2012; 138: 1121-1129 [PMID: 22402598
DOI: 10.1007/s00432-012-1188-0]
Zhong JH, Ke Y, Gong WF, Xiang BD, Ma L, Ye XP, Peng T,
Xie GS, Li LQ. Hepatic resection associated with good survival
for selected patients with intermediate and advanced-stage
hepatocellular carcinoma. Ann Surg 2014; 260: 329-340 [PMID:
24096763 DOI: 10.1097/SLA.0000000000000236]
Strasberg SM, Phillips C. Use and dissemination of the
brisbane 2000 nomenclature of liver anatomy and resections.
Ann Surg 2013; 257: 377-382 [PMID: 22895397 DOI: 10.1097/
SLA.0b013e31825a01f6]
Kudo M. Treatment of advanced hepatocellular carcinoma with
emphasis on hepatic arterial infusion chemotherapy and molecular
targeted therapy. Liver Cancer 2012; 1: 62-70 [PMID: 24159574
DOI: 10.1159/000342402]
Lin S, Hoffmann K, Schemmer P. Treatment of hepatocellular
carcinoma: a systematic review. Liver Cancer 2012; 1: 144-158
[PMID: 24159579 DOI: 10.1159/000343828]
Villanueva A, Newell P, Chiang DY, Friedman SL, Llovet JM.
Genomics and signaling pathways in hepatocellular carcinoma.
Semin Liver Dis 2007; 27: 55-76 [PMID: 17295177 DOI: 10.1055/
s-2006-960171]
Semela D, Dufour JF. Angiogenesis and hepatocellular carcinoma.
J Hepatol 2004; 41: 864-880 [PMID: 15519663 DOI: 10.1016/
j.jhep.2004.09.006]

30

31

32

33

34
35
36

37
38

39

40

Liu L, Cao Y, Chen C, Zhang X, McNabola A, Wilkie D, Wilhelm S,
Lynch M, Carter C. Sorafenib blocks the RAF/MEK/ERK pathway,
inhibits tumor angiogenesis, and induces tumor cell apoptosis in
hepatocellular carcinoma model PLC/PRF/5. Cancer Res 2006;
66: 11851-11858 [PMID: 17178882 DOI: 10.1158/0008-5472.
CAN-06-1377]
Arizumi T, Ueshima K, Chishina H, Kono M, Takita M, Kitai
S, Inoue T, Yada N, Hagiwara S, Minami Y, Sakurai T, Nishida
N, Kudo M. Duration of stable disease is associated with overall
survival in patients with advanced hepatocellular carcinoma treated
with sorafenib. Dig Dis 2014; 32: 705-710 [PMID: 25376287 DOI:
10.1159/000368006]
Wang JH, Kuo YH, Wang CC, Chen CL, Cheng YF, Hsu HC,
Lu SN. Surgical resection improves the survival of selected
hepatocellular carcinoma patients in Barcelona clinic liver cancer
stage C. Dig Liver Dis 2013; 45: 510-515 [PMID: 23218990 DOI:
10.1016/j.dld.2012.10.019]
Bolondi L, Craxi A, Trevisani F, Daniele B, Di Costanzo GG,
Fagiuoli S, Cammà C, Bruzzi P, Danesi R, Spandonaro F, Boni
C, Santoro A, Colombo M. Refining sorafenib therapy: lessons
from clinical practice. Future Oncol 2015; 11: 449-465 [PMID:
25360997 DOI: 10.2217/fon.14.261]
Zhang W, Zhao G, Wei K, Zhang Q, Ma W, Song T, Wu Q, Zhang T,
Kong D, Li Q. Adjuvant sorafenib reduced mortality and prolonged
overall survival and post-recurrence survival in hepatocellular
carcinoma patients after curative resection: a single-center
experience. Biosci Trends 2014; 8: 333-338 [PMID: 25641180 DOI:
10.5582/bst.2014.01120]
Kudo M. Signaling pathway and molecular-targeted therapy for
hepatocellular carcinoma. Dig Dis 2011; 29: 289-302 [PMID:
21829020 DOI: 10.1159/000327562]
Zhu AX. Development of sorafenib and other molecularly targeted
agents in hepatocellular carcinoma. Cancer 2008; 112: 250-259
[PMID: 18041064 DOI: 10.1002/cncr.23175]
Nagai T, Arao T, Furuta K, Sakai K, Kudo K, Kaneda H, Tamura D,
Aomatsu K, Kimura H, Fujita Y, Matsumoto K, Saijo N, Kudo M,
Nishio K. Sorafenib inhibits the hepatocyte growth factor-mediated
epithelial mesenchymal transition in hepatocellular carcinoma.
Mol Cancer Ther 2011; 10: 169-177 [PMID: 21220499 DOI:
10.1158/1535-7163.MCT-10-0544]
Zhang CZ, Wang XD, Wang HW, Cai Y, Chao LQ. Sorafenib
inhibits liver cancer growth by decreasing mTOR, AKT, and PI3K
expression. J BUON 2015; 20: 218-222 [PMID: 25778319]
Rodríguez-Perálvarez M, Luong TV, Andreana L, Meyer T,
Dhillon AP, Burroughs AK. A systematic review of microvascular
invasion in hepatocellular carcinoma: diagnostic and prognostic
variability. Ann Surg Oncol 2013; 20: 325-339 [PMID: 23149850
DOI: 10.1245/s10434-012-2513-1]
Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F,
Denk H, Desmet V, Korb G, MacSween RN. Histological grading
and staging of chronic hepatitis. J Hepatol 1995; 22: 696-699
[PMID: 7560864 DOI: 10.1016/0168-8278(95)80226-6]
Japan Liver Cancer Study Group. Classification of primary liver
cancer. 1st ed. Tokyo: Kanehara & Co, 1997
P- Reviewer: Geller DA, Giovannetti E, Muntane J
S- Editor: Gong ZM L- Editor: Filipodia E- Editor: Ma S

WJG|www.wjgnet.com

4040

April 21, 2016|Volume 22|Issue 15|

World J Gastroenterol 2016 April 21; 22(15): 4041-4048
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.i15.4041

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Observational Study

Worldwide practice in gastric cancer surgery
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Abstract
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AIM: To evaluate the current status of gastric cancer
surgery worldwide.
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METHODS: An international cross-sectional survey
on gastric cancer surgery was performed amongst
international upper gastro-intestinal surgeons. All
surgical members of the International Gastric Cancer
Association were invited by e-mail to participate. An
English web-based survey had to be filled in with
regard to their surgical preferences. Questions asked
included hospital volume, the use of neoadjuvant
treatment, preferred surgical approach, extent of
the lymphadenectomy and preferred anastomotic
technique. The invitations were sent in September
2013 and the survey was closed in January 2014.
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RESULTS: The corresponding specific response rate
was 227/615 (37%). The majority of respondents:
originated from Asia (54%), performed > 21
gastrectomies per year (79%) and used neoadjuvant
chemotherapy (73%). An open surgical procedure
was performed by the majority of surgeons for distal
gastrectomy for advanced cancer (91%) and total
gastrectomy for both early and advanced cancer
(52% and 94%). A minimally invasive procedure
was preferred for distal gastrectomy for early cancer
(65%). In Asia surgeons preferred a minimally invasive
procedure for total gastrectomy for early cancer also
(63%). A D1+ lymphadenectomy was preferred in
early gastric cancer (52% for distal, 54% for total
gastrectomy) and a D2 lymphadenectomy was
preferred in advanced gastric cancer (93% for distal,
92% for total gastrectomy)
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to the manuscript (appendix 1). Definitions of the
extent of lymph node dissection and gastric cancer
classification were according to the Japanese gastric
[2,3]
cancer classification system . The invitations were
sent in September 2013 and the survey was closed in
January 2014. Statistical analysis was performed with
2
the χ test using the IBM SPSS Statistics (version 21;
IBM Corporation, Armonk, NY, United States). Data were
considered significant if p < 0.05.

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

Core tip: Since surgical techniques might differ over
time and between countries, we aimed to evaluate
international preferences in gastric cancer surgery by
means of a cross-sectional survey. Surgical preferences
for gastric cancer surgery vary between surgeons
worldwide. Minimally invasive gastrectomy is still not
widely adapted, but most popular in Asia to treat patients
with early gastric cancer. Neo-adjuvant chemotherapy
is used by the majority of surgeons worldwide. A D1+
lymphadenectomy is preferred for early gastric cancer
and a D2 lymphadenectomy is preferred for advanced
gastric cancer.

RESULTS
Demographics

The survey was completed by 248 of 615 (40%)
members of the IGCA. The 21 duplicate respondents
were consequently excluded. The corresponding
specific response rate was therefore 227/615 (37%).
The respondents originated from Asia (54%), Europe
(27%), South America (12%), North America (6%),
Africa (0.4%), and Oceania (0.4%) (figure 1).

Brenkman HJF, Haverkamp L, Ruurda JP, van Hillegersberg
R. Worldwide practice in gastric cancer surgery. World J
Gastroenterol 2016; 22(15): 4041-4048 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i15/4041.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i15.4041

Volume

The volume of the participating surgeons was ≤ 10
gastrectomies per year in 16 (7%) respondents and
> 21 resections in 180 (79%) respondents. In Asia,
the majority of respondents (57%) performed >
61 resections (figure 2). Medium and high volume
surgeons worked in a university hospital (74%) more
often than in a regional hospital (5%, p = 0.048).

INTRODUCTION
Gastric cancer is the fifth most common type of
[1]
cancer worldwide . Its treatment consists of (neo-)
adjuvant chemotherapy and/or chemoradiation and
surgical resection of the tumor and lymph nodes.
The worldwide surgical practices may vary between
surgeons, countries and continents. Current topics of
debate in gastric cancer surgery are: (1) The influence
of volume of hospitals and surgeons on the outcome
after gastrectomy; (2) The technique of surgery: open
or minimally invasive gastrectomy; (3) Reconstruction
of the alimentary tract by means of a jejunal pouch.
(4) The extent of lymph node dissection and need for
omental resection and/or pancreaticosplenectomy; and
(5) The type of (neo-)adjuvant treatment in patients
with gastric cancer.
In this article the current practice of surgeons
worldwide will be evaluated by means of a survey.

Open vs minimally invasive gastrectomy

The current survey revealed that minimally invasive
distal gastrectomy was preferred by 65% of surgeons
in the treatment of early gastric cancer. The Asian
respondents performed minimally invasive distal
gastrectomy for early gastric cancer in 82% of
the cases (figure 3). In South America minimally
invasive and open distal gastrectomy were equally
performed. Minimally invasive distal gastrectomy for
advanced gastric cancer was performed by only 9%
of respondents. These results were comparable in all
continents. For total gastrectomy, minimally invasive
total techniques were favored by 49% for early
gastric cancer and by 6% for advanced gastric cancer.
However, in Asia the majority (64%) of respondents
performed minimally invasive total gastrectomy
for early gastric cancer, whereas other continents
preferred the open procedure. For total gastrectomy
for advanced cancer, there was no difference between
continents.

MATERIALS AND METHODS
An international cross-sectional survey about the surgical
treatment of gastric cancer was performed amongst
international gastric surgeons. All surgical members
of the International Gastric Cancer Association (IGCA)
were invited by email to participate after approval
of the IGCA was obtained. An English web-based
survey had to be filled in according to the surgeons’
preferences. Questions asked included hospital
volume, the use of neoadjuvant treatment, preferred
surgical approach, extent of the lymphadenectomy
and preferred anastomotic technique and are attached

WJG|www.wjgnet.com

Anastomoses

The preference of 83% of the participating surgeons
in the survey was to construct a direct esopha
gojejunostomy without jejunal pouch reconstruction
after total gastrectomy. In merely 17% of surgeons
a pouch was the preferred method of reconstruction.
This percentage was consistent between all continents.
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Figure 1 Contribution per country.
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4). In Asia and Northern America a D2 dissection
was performed less frequently for early stage tumors
compared to Europe and Southern America (table
1). A D2 resection was favored by 93% of distal
gastrectomies and 92% of total gastrectomies for
advanced tumors. Resection of the spleen was
preferably performed by 20% of all respondents:
33% of Asian respondents, 19% of South American
respondents, and 15% of European respondents. The
survey reveals that resection of the greater omentum
was preferred by 89% of the participating surgeons.
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(Neo)adjuvant therapy

The results of our survey on the use of neoadjuvant
treatment for gastric cancer indicated that chemo
therapy was preferred by 73% and chemoradiation
was favored by 12% of respondents. Only 16%
favored treatment without neoadjuvant treatment.
These results did not differ significantly over continents
(table 2).

Figure 2 Annual number of gastrectomies per surgeon.

A pouch reconstruction was slightly more popular
amongst surgeons from a university hospital than
surgeons from a regional hospital (19% vs 11%,
p = 0.50). The data from the survey reveal that
anastomoses were preferably performed by means
of a mechanical stapler by 92% of respondents,
compared to 8% of surgeons who favored a handsewn anastomosis.

DISCUSSION
In this study the current worldwide trends in gastric
surgery for cancer were evaluated by means of a
survey amongst surgeons. It was found that the
majority of surgeons have a high annual volume
of gastrectomies. Open gastrectomy was still the
preferred procedure in most procedures (68%)

Extent of dissection

The current survey indicated that surgeons preferred
a D1+ resection in 52% of distal gastrectomies and
54% of total gastrectomies for early cancers (figure

WJG|www.wjgnet.com
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stages worldwide (%)
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> 20 gastrectomies per year which is considered
a high volume in literature. With regard to annual
volume of resection, both the volume of the individual
surgeon and the volume of the hospital are related
[4-8]
to mortality
. For example, one study showed
that the 30-d mortality rate in centers performing
> 21 resections per year was lower compared to
centers performing ≤ 10 gastrectomies per year
[9]
(4.4% vs 6.7%, p = 0.047) . Interestingly, more
than half of the respondents from Asia perform > 60
gastrectomies.
The preferred method for gastric cancer surgery
for most surgeons is an open gastrectomy. Only for
early gastric cancer requiring a distal gastrectomy,
the majority of surgeons preferably use a minimally
invasive method. This is supported by recent short
term results of the KLASS-01 trial, which found that
the complication rate was significantly lower after
laparoscopic distal gastrectomy compared to the open
[10]
distal gastrectomy (13% vs 20%, p = 0.001) .
Evidence for all other types of gastric cancer are from

70
60
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40
30
20
10
0

Distal
early

Distal
advanced

Total
early

Total
advanced

Figure 3 Open vs minimally invasive gastrectomy for early and advanced
cancer.

combined with neoadjuvant chemotherapy in the
majority of cases (73%). Differences in surgical
approach and lymphadenectomy were found across
continents.
In our survey, 79% of respondents performed
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small randomized trials and retrospective studies
only, but suggests minimally invasive gastrectomy
[11-15]
to be safe
. The absence of long-term results
might explain the lack of generalized usage of these
minimally invasive techniques. Randomized studies
in both Asian and Western populations are awaited
before worldwide implementation can take place.
In South Korea, the KLASS-02 trial and KLASS-03
(NCT01584336) trial are investigating the use of
laparoscopy for distal gastrectomy for advanced cancer
[16]
and total gastrectomy for early cancer respectively .
Recently, in Europe two randomized controlled trials
(LOGICA-trial and STOMACH-trial) started comparing
[17,18]
open with laparoscopic gastrectomy
. Regarding
the current developments in minimally invasive
surgery, one can expect the use of these techniques
to increase. Since minimally invasive gastrectomy is
associated with a considerable learning curve, expert
training and proctoring is essential to provide for a safe
[19,20]
implementation of this technique
.
This survey showed that the majority of surgeons do
not construct a jejunal pouch after total gastrectomy.
Although literature remains scarce, studies have shown
possible benefits of jejunal pouch reconstruction.
Two studies demonstrated an improved quality of life
in patients with a jejunal pouch, measured with the
Gastro-Intestinal Quality of Life Index. In addition,
they found no increase in postoperative morbidity after
[21-24]
jejunal pouch reconstruction
. Several trials on the
use of a jejunal pouch are currently running to further
investigate this possibly beneficial technique. This study
demonstrated the preferable technique for constructing
the anastomosis was by means of a mechanical stapler.
Studies support these results, since a mechanical
anastomosis is constructed significantly quicker
compared to the hand-sewn method (11.4 min vs
38.7 min, p < 0.001) with a comparable complication
[25,26]
rate
.
For early cancers the majority of surgeons perform
a D1+ dissection worldwide. For advanced tumors,
the majority of surgeons perform a D2 dissection. The
minority of surgeons performs resection of the spleen.
These findings are in compliance with literature. In
Western countries, pancreas and spleen preserving D2
dissection has been the preferred resection technique
since two large trials from the Netherlands and the
[27,28]
United Kingdom
. These trials demonstrated D2
dissection with preserving the pancreas and spleen
along with the associated lymph nodes (stations 10
and 11) to results in similar morbidity and mortality as
[27,29-31]
D1 dissection and with better long-term results
.
In addition, it was argued that the reason for resecting
station 10 and 11 is questionable since metastasis in
these lymph nodes confers a poor prognosis (11 year
survival: positive station 10 = 8%; negative station
10 = 27%; positive station 11 = 11%; negative
[32]
station 11 = 35%) . In Asia, surgeons perform a
more tailored lymph node dissection. This survey
showed that for early gastric cancer, a D2-dissection
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is performed less frequently in Asia compared to
Europe and South America. On the other hand,
the Japanese Gastric Cancer Guidelines still advise
considering complete clearance of lymph node stations
10 by splenectomy for potentially curable T2-T4
tumors invading the greater curvature of the upper
[3]
stomach . Some surgeons in Asia also perform a D3
dissection, since a Taiwanese trial showed an improved
[33]
survival compared to D1 dissection . However, a D3
dissection did not improve survival compared to a D2
[34]
dissection in a Japanese trial . Evidence for a D1+
dissection is scarce. Only one small randomized trial
demonstrated that D1+ dissection could be a safe
alternative to D2 dissection for locally advanced nonjunctional tumors. Therefore it seems justifiable that
the majority of surgeons perform a D1+ dissection
[35]
for early gastric cancer . More studies are needed to
clarify the role of D1+ dissection for all types of gastric
tumors.
The survey reveals that resection of the greater
omentum was preferred by 88.5% of the participating
surgeons. The value of resection of the greater
omentum is currently debated. Advocates of its
resection underline the importance of dissection of
possible tumor deposits, whereas opponents argue
that it is a time consuming procedure associated with
additional morbidity. Literature on this topic is scarce
and international guidelines vary. A retrospective
cohort study in an Asian patient population demon
strated that the 3- and 5-year survival rates were
not significantly different between gastrectomy with
and without resection of the greater omentum for
[36]
advanced gastric cancer .
Lastly, the majority of surgeons (84.4%) report
the application of neoadjuvant chemotherapy or
chemoradiation prior to gastrectomy. Literature presents
various possible treatment strategies before and
after surgery for gastric cancer. In Western countries,
perioperative chemotherapy has shown the most
[37]
beneficial, with an increase in survival around 13% .
Interestingly, the percentage of surgeons in Europe
using neo-adjuvant therapy in this study (2013-2014)
is higher compared to the period of 2011-2012, where
[38]
many patients did not receive neoadjuvant therapy .
In Asia, adjuvant chemotherapy alone demonstrated
better results compared to surgery alone with an
[39-41]
increase in 3-year survival of 5%-10%
adjuvant
radiation in addition to perioperative chemotherapy can
possibly increase survival and is currently investigated
[42,43]
in Western countries
. In Asia however, adjuvant
radiation in addition to adjuvant chemotherapy did not
increase 7-year overall survival (75% vs 73%, p =
[39-41,44]
0.484)
.
A limitation of this study is that it only evaluates
expert opinions rather than objective measurements,
which should be taken into account before generalizing
these findings. However, its international design
provides a unique insight in the current practice of
gastric cancer surgeons. Its discussion in the light
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of contemporary literature can be used for further
improvement of gastric cancer surgery worldwide.
Lastly, these results can be used for future evaluation
of worldwide gastric cancer surgery.
In conclusion, this study is unique in its inter
national design revealing the expert opinion on gastric
cancer surgery. Minimally invasive gastrectomy
is still not widely adapted and variations between
continents are present. Minimally invasive gastrectomy
is most popular in Asia to treat patients with early
gastric cancer. Neoadjuvant chemotherapy is used
by the majority of surgeons worldwide. A D1+
lymphadenectomy is preferred for early gastric cancer
and a D2 lymphadenectomy is preferred for advanced
gastric cancer.
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Background

Gastric cancer is the fifth most common type of cancer worldwide. Its treatment
consists of (neo)adjuvant chemotherapy and/or chemoradiation and surgical
resection of the tumor and lymph nodes.
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Research frontiers

The worldwide surgical practices may vary between surgeons, countries
and continents. Current topics of debate in gastric cancer surgery are the
use of (neo)adjuvant treatment, preferred surgical approach, extent of the
lymphadenectomy and preferred anastomotic technique.
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Innovations and breakthroughs

Since the introduction of minimally invasive surgery for gastric cancer in 1994,
the number of surgeons performing minimally invasive gastrectomy is rising.
Although the procedure is technically demanding, the evidence for advantages
of laparoscopic total gastrectomy is increasing. It is therefore expected that
the majority of surgeons will adopt this technique in the future. (Neo)adjuvant
treatment has increased survival of patients with gastric cancer. The preferred
treatment type and regimen differs amongst countries worldwide.

11

Applications
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The majority of surgeons start performing minimally invasive gastrectomy
for early gastric cancer. Early gastric cancer is predominantly seen in Asia.
Western countries often see advanced gastric cancer. It is unknown if minimally
invasive techniques result in at least comparable outcomes to open surgery for
patients with advanced gastric cancer.
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Peer-review

This is an interesting paper describing the current trend of surgical treatment
of gastric cancer. The authors performed an international cross-sectional
survey and concluded that surgical preferences for gastric cancer surgery vary
between surgeons worldwide; and the results are informative.
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Abstract
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AIM: To evaluate the epidemiology and outcomes of
culture-positive spontaneous bacterial peritonitis (SBP)
and spontaneous bacteremia (SB) in decompensated
cirrhosis.

Conflict-of-interest statement: The authors disclose no
conflicts.

METHODS: We prospectively collected clinical,
laboratory characteristics, type of administered anti
biotic, susceptibility and resistance of bacteria to
antibiotics in one hundred thirty cases (68.5% males)
with positive ascitic fluid and/or blood cultures during
the period from January 1, 2012 to May 30, 2014. All
patients with SBP had polymorphonuclear cell count in
3
ascitic fluid > 250/mm . In patients with SB a thorough
study did not reveal any other cause of bacteremia.
The patients were followed-up for a 30-d period
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different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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following diagnosis of the infection. The final outcome
of the patients was recorded in the end of follow-up
and comparison among 3 groups of patients according
to the pattern of drug resistance was performed.

Alexopoulou A, Vasilieva L, Agiasotelli D, Siranidi K, Pouriki S,
Tsiriga A, Toutouza M, Dourakis SP. Extensively drug-resistant
bacteria are an independent predictive factor of mortality in 130
patients with spontaneous bacterial peritonitis or spontaneous
bacteremia. World J Gastroenterol 2016; 22(15): 4049-4056
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i15/4049.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i15.4049

RESULTS: Gram-positive-cocci (GPC) were found in
half of the cases. The most prevalent organisms in a
descending order were Escherichia coli (33), Entero
coccus spp (30), Streptococcus spp (25), Klebsiella
pneumonia (16), S. aureus (8), Pseudomanas aeru
ginosa (5), other Gram-negative-bacteria (GNB) (11)
and anaerobes (2). Overall, 20.8% of isolates were
multidrug-resistant (MDR) and 10% extensively drugresistant (XDR). Health-care-associated (HCA) and/or
nosocomial infections were present in 100% of MDR/
XDR and in 65.5% of non-DR cases. Meropenem was
the empirically prescribed antibiotic in HCA/nosocomial
infections showing a drug-resistance rate of 30.7%
while third generation cephalosporins of 43.8%.
Meropenem was ineffective on both XDR bacteria and
Enterococcus faecium (E. faecium ). All but one XDR
were susceptible to colistin while all GPC (including E.
faecium ) and the 86% of GNB to tigecycline. Overall
30-d mortality was 37.7% (69.2% for XDR and 34.2%
for the rest of the patients) (log rank, P = 0.015).
In multivariate analysis, factors adversely affecting
outcome included XDR infection (HR = 2.263, 95%CI:
1.005-5.095, P = 0.049), creatinine (HR = 1.125,
95%CI: 1.024-1.236, P = 0.015) and INR (HR =1.553,
95%CI: 1.106-2.180, P = 0.011).

INTRODUCTION
Infections are the most common precipitating event
[1]
in acute-on-chronic liver failure and are associated
with high mortality in patients with decompensated
[2]
cirrhosis . Pathological bacterial translocation (BT)
in cirrhosis involves alterations in gut microbiota,
deficiency in intestinal barrier and an impaired
immune response by the gut associated lymphatic
[3,4]
tissue
. The most typical clinical expressions of
pathological BT are spontaneous bacterial peritonitis
(SBP) and spontaneous bacteremia (SB) (positive
[5]
blood culture with no cause of bacteremia) . Prompt
and appropriate treatment is important in patients
with bacterial infections and decompensated cirrhosis,
to cover the most commonly isolated bacteria and
[6]
maximize the patient’s chance of survival . In recent
years, a change in epidemiology of bacterial infections
in cirrhosis has been observed worldwide characterized
by an increasing rate of multi-drug resistant (MDR)
[7-12]
bacteria and a decreased efficacy of antibiotics
.
Risk factors associated with resistance to antibiotics are
nosocomial or health care-associated acquisition, longterm norfloxacin prophylaxis, recent use of b-lactams
[5,7,12-14]
and recent infection with MDR
. A position
statement based on the EASL Special Conference 2013
recommended as empirical treatment for communityacquired infections either cefotaxime (or ceftriaxone)
or amoxicillin/clavulanate and for nosocomial either
piperacillin/tazobactam or meropenem ± glyco
[5]
peptide .
MDR are difficult to treat bacteria including
extended-spectrum beta-lactamases (ESBL)-pro
ducing Enterobacteriaceae, nonfermentable Gramnegative bacteria (GNB) Pseudomanas aeruginosa (P.
aeruginosa) and methicillin-resistant Staphylococcus
aureus (S. aureus) (MRSA). Recently, extensively drugresistant bacteria (XDR) such as Carbapenemaseproducing (KPC) Klebsiella pneumonia (K. pneumoniae)
and vancomycin-resistant enterococci (VRE) emerged
[12,14,15]
in patients with cirrhosis
. We recently reported
an increased prevalence in MDR in SBP cases in the
[14]
period 2008-2011 .
In this study we aimed at assessing the possible
changes in microbial etiology of culture-positive SBP

CONCLUSION: XDR bacteria are an independent lifethreatening factor in SBP/SB. Strategies aiming at
restricting antibiotic overuse and rapid identification of
the responsible bacteria could help improve survival.
Key words: Spontaneous bacterial peritonitis; Spon
taneous bacteremia; Multidrug-resistant bacteria;
Extensively drug-resistant bacteria; Susceptibility to
antibiotics
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a prospective, observational, single
Center study seeking to evaluate the epidemiology
and outcomes of 130 patients with decompensated
cirrhosis and culture-positive spontaneous bacterial
peritonitis or spontaneous bacteremia. Both multidrugresistant (MDR) and extensively drug-resistant (XDR)
bacteria were isolated in about one third of the
cases. Patients with XDR demonstrated high mortality
compared to the rest of the patients. All MDR/XDR
associated infections were health-care associated and/
or nosocomial. Independent factors adversely affected
survival included XDR infection, renal dysfunction and
coagulation disorder.
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and SB, the risk factors of acquisition of microorganisms
resistant to third generation cephalosporins and
quinolones and the difference in survival between
patients with different patterns of drug-resistance and
those with no drug-resistance.

and anaerobic bacteria was routinely performed at
bedside. Separate and simultaneous blood cultures
were collected. Aerobic, anaerobic and broth cultures
were initiated in BACTEC 9240 (Becton, Dickinson). All
the isolated organisms were identified by the VITEK2
system (Biomerieux, Marcy l’Etoile, France). Antibiotic
susceptibility testing was performed by the KirbyBauer method according to Clinical and Laboratory
Standards Institute guidelines. The minimum inhibitory
concentrations were determined by the E-test system
(AB Biodisk, Solna, Sweden) and by the VITEK2
system. Double disc synergy (DDST), ESBL E-test
(AB) and VITEK2 ESBL card (Biomerieux) were used
to detect ESBL frequency. The detection of KPC
carbapenemase was based on a phenotypic screen for
carbapenem resistance followed by the modified Hodge
test as a confirmatory test. DDST and E-test-MBL
were used to detect MBL carbapenemase frequency.
Only monomicrobial infections were included. All
patients with simultaneous fungi-positive culture
were excluded from the study. When the same strain
was isolated twice or more from the same patient, it
was counted only once. Multi-drug resistant (MDR)
bacteria are strains non susceptible to ≥ 1 agent in
[17]
≥ 3 antimicrobial categories . Extensively drugresistant bacteria (XDR) defined as non-susceptible to
[17]
≥ 1 agent in all but ≤ 2 antimicrobial categories .
Enterococcus faecium (E. faecium) was considered an
MDR organism and was classified as such.

MATERIALS AND METHODS
Study design

This prospective, observational study was conducted in
nd
the 2 Department of Internal Medicine of our hospital
from January 1, 2012 to May 30, 2014. We prospectively
collected data on patients with decompensated cirrhosis
and either spontaneous bacteremia without SBP or
(ascitic fluid and/or blood) culture-positive SBP. Patients
with human immunodeficiency virus infection, previous
transplantation or any other type of immunodeficiency,
multi-microbial infections, in peritoneal dialysis or those
with secondary bacterial peritonitis were excluded.
The study protocol was approved by the Hospital
Ethical Committee. All study participants, or their legal
guardian, provided informed written consent prior to
study enrollment.
The diagnosis of SBP was based on neutrophil
3
count in ascitic ﬂuid of > 250/mm as determined
[6]
by microscopy . After SBP or SB diagnosis and in
patients with clinical suspicion of infection, empirical
treatment was administered intravenously and
was maintained or replaced subsequently following
a second paracentesis in two days or the in vitro
susceptibility of isolated organisms from ascitic fluid or
blood. In patients with SB thorough investigation did
not reveal any specific cause of bacteremia. Infections
were classified as HCA in patients with a hospitalization
for at least 2 d in the previous 180 d or as nosocomial
those which developed in more than 48 h after
[16]
admission . We did not include any patients with a
previous hospitalization in intensive care unit (ICU).
The remaining infections were considered communityacquired (CA) when they were present on admission
[16]
or developed within the first 48 h after admission .
Clinical doctors and infectious diseases specialists
decided about the empirical antibiotic regimens and
assessed the clinical course and the resolution of the
infection. The empirical antibiotic regimen according to
[5]
local policies and recent guidelines was ceftriaxone IV for
the community-acquired and meropenem for HCA and/or
nosocomial infections. SBP and SB considered as cured
3
if polymorphonuclear cell count was < 250/mm and
negative blood cultures were obtained after antibiotic
treatment, respectively. Only fifteen patients (11.5%)
had been receiving prophylactic quinolone treatment
as secondary prevention for SBP.

Collection of the data

Clinical and laboratory data were collected at the
time of admission including age, gender, cause of
admission, etiology of cirrhosis, full blood count,
international normalized ratio of prothrombin time
(INR), renal and hepatic function biochemical tests and
ascitic fluid evaluation. Severity of liver disease was
assessed by Model for End-Stage Liver Disease (MELD)
score for each patient. Days of hospitalization within 6
months before infection were also recorded.

Statistical analysis

All data were analysed using the statistical package
SPSS (version 21.0 SPSS Inc., Chicago, IL, United
States). The characteristics of the patients were
assessed using median (interquartile range) for
continuous variables and count (percentage) for
categorical variables. In order to test for differences in
the univariate analysis among the different categories
of patients with MDR, XDR and non-DR bacteria, we
used Mann-Whitney test for continuous variables and
chi-squared test for categorical variables. Survival
rates were evaluated using the Kaplan-Meier estimator
and were compared between groups by the log-rank
test. The Cox proportional-hazards model was used to
estimate the risk of death due to MDR or XDR. Factors
associated with mortality with a P value of < 0.10 in
the univariate analysis were entered in the multivariate

Bacterial cultures technique and multi-drug resistant
bacteria definition

On admission, diagnostic paracentesis and inoculation
of ascitic fluid into two blood culture bottles for aerobic
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Table 1 Demographic characteristics of patients with bacterial infections classified according to the drug resistance of the organism
Total

Non-DR

n = 130
Age (yr)
Gender (Males)
Etiology of liver cirrhosis
Alcoholic
Viral
Other
MELD
Hospitalization days over the preceding 6 mo
Nosocomial infections, n (%)
HCA infections, n (%)
HCA and/or nosocomial infections, n (%)

n = 90

MDR

XDR

n = 27

n = 13

P vaule1 P vaule2

62 (55-73)
89 (68.5)

62 (54-63)
57 (63.3)

62.5 (54.7-73.2)
23 (85.2)

62 (59-79)
9 (69.2)

0.928
0.768

0.379
0.035

54 (41.5)
47 (36.1)
29 (22.3)
20 (15-25)
10 (5-19)
47 (36.1)
75 (57.6)
99 (76.1)

35 (38.9)
32 (35.6)
23 (25.6)
20 (15-25)
9 (4-16)
23 (25.5)
48 (53.3)
59 (65.5)

13 (48.1)
10 (37)
4 (14.8)
19.5 (16-23)
15 (6.75-28)
16 (59.2)
18 (66.6)
27 (100)

6 (46.2)
5 (38.5)
2 (15.4)
25 (18-36)
11 (7.5-22)
8 (61.5)
9 (69.2)
13 (100)

0.476

0.718

0.947
0.014
0.001
0.220
< 0.001

0.044
0.249
0.008
0.281
0.011

1

Comparison between MDR and non-DR; 2Comparison between XDR and Non-DR, values are expressed in median (interquartile range). HCA: Health care
associated infections; MDR: Multi-drug resistant; XDR: Extensively drug resistant.

Table 2 Laboratory characteristics of patients with bacterial infections classified according to the drug resistance of the organism
Total

Non-DR

n = 130
Leucocyte count × 109/L
Neutrophil/leucocyte%
Total Bilirubin (mg/dL)
Creatinine (mg/dL)
INR
AST (IU/L)
C-reactive protein (mg/L)
Fibrinogen (mg/dL)

7.38 (4.6-11.3)
81 (71-88)
3.8 (1.9-8.7)
1.1 (0.8-1.7)
1.6 (1.4-2.1)
53 (30-105)
59 (23-108)
239 (134-496)

MDR

n =90

n = 27

7.34 (4.85-11.27)
79 (70-87)
4.2 (1.9-9.2)
1.1 (0.8-1.5)
1.6 (1.3-2.2)
55 (30-121)
52 (22-102)
344 (130-516)

7.2 (4.18-11.73)
84 (72-88)
2.6 (1.6-6.1)
1.2 (0.8-1.7)
1,5 (1.4-1.9)
45 (32-74)
68 (30-138)
170 (156-273)

XDR

P vaule1

P vaule2

0.797
0.608
0.305
0.269
0.958
0.423
0.318
0.393

0.967
0.163
0.792
0.093
0.423
0.057
0.302
0.628

n = 13
7.51 (4.39-11.61)
83 (76-90)
4.2 (1.7-19.7)
2 (0.8-5.0)
2 (1.3-2.2)
23 (18-78)
101 (18-120)
247 (119-460)

1

Comparison between MDR and Non-DR; 2Comparison between XDR and non-DR; values are expressed in median (interquartile range). MDR: Multi-drug
resistant; XDR: Extensively drug resistant.

Comparison of 3 groups of patients according to
different patterns of drug resistance

model and non-significant factors were removed by a
backward selection process. A two-tailed P value less
than 0.05 was considered to be statistically significant.

No difference in age, gender and etiology of cirrhosis
was observed between patients with XDR or MDR and
those with non-DR bacteria. More severe liver disease
was observed in patients with XDR than in those with
non-DR bacteria [median MELD score 25 (interquartile
range 18-36) vs 20 (15-25), respectively P = 0.044]
(Table 1). Nosocomial infections were more frequent in
the XDR or MDR groups compared to the non-DR one.
Community-acquired infections were evident only in
the non-DR group (Table 1). No difference in laboratory
characteristics was shown among the groups (Table 2).

RESULTS
Clinical and laboratory characteristics in overall

We prospectively recorded 130 cases (68.5% males,
median age 62 years) with culture positive-SBP (70
cases) or spontaneous bacteremia without SBP (60
cases) in patients with decompensated cirrhosis.
In total, 58 (44.6%) cases had positive ascitic fluid
culture, 64 (49.2%) positive blood culture and 8 (6.2%)
both. Patients were classified into 3 groups according
to the drug-resistance pattern: ninety (69.2%) patients
had infections with non-DR, 27 (20.8%) with MDR
and 13 (10%) with XDR bacteria. Etiology of cirrhosis
was chronic viral hepatitis in 47 (36.1%), alcohol in 54
(41.5%) and other causes in 29 (22.3%). The median
MELD score was 20 (15-25). Ninety nine patients
(76.1%) had been hospitalized within the last six
months (HCA) and/or developed nosocomial infections
(23 were both HCA-associated and nosocomial) (Table
1). Only 31 (23.8%) infections were communityacquired. The laboratory characteristics of patients on
admission are demonstrated in Table 2.

WJG|www.wjgnet.com

Type of bacteria and drug resistance

Gram-positive cocci (GPC) were found in half of the
cases (48.5%). The most prevalent organisms in a
descending order were Escherichia coli (E. coli) (33),
Enterococcus spp (30, including 17 E. faecium),
Streptococcus spp (25), K. pneumonia (16), S. aureus
(8), P. aeruginosa (5), other GNB (11) and anaerobes
(2). Twenty seven (20.8%) of the isolated bacteria
were MDR, including ESBL - GNB (9), P. aeruginosa
(3) and E. faecium (15). Thirteen (10%) of the
bacteria were XDR including KPC K. pneumonia (5),
colistin-resistant KPC-producing K. pneumonia (1), P.
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Table 3 Isolated bacteria and antibiotic susceptibility tests
Antibiotic
Gram-positive bacteria (63)
Resistance
S. aureus (8)
Streptococcus spp. (23)
S. pneumonia (2)
E. faecalis (13)
E. faecium (15)
E. faecium VRE (2)
Gram-negative bacteria (65)
Resistance
E. coli (25)
ESBL-E. coli (7)
MBL-E. coli (1)
K. pneumonia (9)
KPC-K. pneumonia (5)
ESBL-K. pneumonia (1)
K. pneumonia KPC+, col-R (1)
P. aeruginosa (5)
S. marcescens (2)
S. maltophilia (3)
A. baumannii (2)
ESBL P. mirabilis- (1)
E. cloacae (2)
E. aerogenes (1)
Anaerobes (2)
Resistance
Bacteroides spp (2)

OX

AMC

MEM

CTX

FEP

TGC

VA

CT

CIP

SXT

34/63
0/8
3/22
2/2
12/13
15/15
2/2

22/63
5/8
0/23
0/2
0/13
15/15
2/2

25/63
8/8
0/23
0/2
0/8
15/15
2/2

27/63
8/8
0/23
0/2
2/13
15/15
2/2

26/63
8/8
0/23
0/2
1/13
15/15
2/2

0/63
0/8
0/23
0/2
0/13
0/15
0/2

2/63
0/8
0/23
0/2
0/13
0/15
2/2

51/63
8/8
11/23
2/2
13/13
15/15
2/2

38/63
2/8
11/23
2/2
6/13
15/15
2/2

24/63
0/8
0/23
0/2
7/13
15/15
2/2

65/65
25/25
7/7
1/1
9/9
5/5
1/1
1/1
5/5
2/2
3/3
2/2
1/1
2/2
1/1

34/65
3/25
7/7
1/1
1/9
5/5
1/1
1/1
5/5
2/2
2/3
2/2
1/1
2/2
1/1

15/65
0/25
0/7
1/1
0/9
5/5
0/1
1/1
2/5
0/2
3/3
2/2
0/1
1/2
0/1

28/65
1/25
7/7
1/1
0/9
5/5
1/1
1/1
5/5
0/2
3/3
2/2
1/1
0/2
1/1

20/65
0/25
6/7
1/1
0/9
5/5
0/1
1/1
3/5
0/2
1/3
2/2
1/1
0/2
0/1

9/65
0/25
0/7
0/1
0/9
2/5
0/1
1/1
5/5
0/2
0/3
1/2
0/1
0/2
0/1

65/65
25/25
7/7
1/1
9/9
5/5
1/1
1/1
5/5
2/2
3/3
2/2
1/1
2/2
1/1

1/65
0/25
0/7
0/1
0/9
0/5
0/1
1/1
0/5
0/2
0/3
0/2
0/1
0/2
0/1

24/65
5/25
7/7
1/1
1/9
4/5
0/1
1/1
2/5
0/2
0/3
2/2
1/1
0/2
0/1

33/65
5/25
6/7
1/1
7/9
1/1
1/1
1/1
5/5
0/2
0/3
2/2
1/1
2/2
1/1

2/2
2/2

1/2
1/2

0/2
0/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

2/2
2/2

OX: Oxacillin; AMC: Amoxicillin/Clavulanic acid; MEM: Meropenem; CTX: Cefotaxime; FEP: Cefepime; TGC: Tigecycline; VA: Vancomycin; CT: Colistin;
CIP: Ciprofloxacin; SXT: Cotrimoxazole; ESBL: Extended-spectrum-beta-lactamase-producing; KPC+, col-R: Carbapenemase-producing colistin-resistant
K. pneumonia; MBL: Metallo-β-lactamase-producing; VRE: Vancomycin-resistant E. Faecium. S. aureus: Staphylococcus aureus; S. pneumonia: Streptococcus
pneumoniae; E. faecalis: Enterococcus faecalis; E. faecium: Enterococcus faecium; E. coli: Escherichia coli; K. pneumonia: Klebsiella pneumonia; P. aeruginosa:
Pseudomanas aeruginosa; S. marcescens: Serratia marcescens; S. maltophilia: Stenotrophomonas maltophilia; A. baumannii: Acinetobacter baumannii; P. mirabilis:
Proteus mirabilis; E. cloacae: Enterobacter cloacae; E. aerogenes: Enterobacter aerogenes.

aeruginosa (2), A. baumannii (2), VRE E. faecium (2)
and metallo-β-lactamase-producing (MBL) - E. coli (1).

to those with MDR or non-DR bacteria (log rank, P
= 0.015) (Figure 1). The outcome of patients with
XDR was worse compared to MDR- and non-DRinfected patients separately (log rank P = 0.012 and
P = 0.008, respectively). Consequently, patients with
MDR had similar 30-d-survival rate to those with
non-DR bacteria (log rank P = 0.604). In overall,
30-d-mortality was 37.7%. In particular, 30 d-mortality
rate for patients with XDR vs the rest of the patients
were 69.2% vs 34.2%, respectively.
In Cox univariate analysis, variables that had at
least a trend (P < 0.10) for association with 30-d
survival included age (P = 0.089), neutrophil-toleucocyte ratio (P = 0.072), INR (P = 0.001), creatinine
(P = 0.036), total bilirubin (P = 0.001) and XDR
infection (P = 0.007). In multivariate Cox regression
analysis, factors adversely affecting outcome were
XDR infection (HR = 2.263, 95%CI: 1.005-5.095, P =
0.049), creatinine (HR = 1.125, 95%CI: 1.024-1.236,
P = 0.015) and INR (HR = 1.553, 95%CI: 1.106-2.180,
P = 0.011) (Table 4).

Resistance to antimicrobial agents

Fifty seven (43.8%) of the isolated bacteria were
third-generation cephalosporin-resistant. Resistance
to quinolones was observed in sixty four (49.2%)
microorganisms. Amoxycilline-clavulanate resistance
was demonstrated in 57 (43.8%) cases (Table 3). The
50/57 (88%) third-generation cephalosporine-resistant
bacteria showed cross-resistance to amoxicillin/
clavulanate and the 42/57 (73.7%) were also resistant
to quinolones (Table 3). Meropenem, the most frequent
empirically prescribed antibiotic for HCA/nosocomial
infections, showed a drug resistance rate of 30.7%.
Meropenem was ineffective on both XDR bacteria and
E. faecium. Ten out of 13 (77%) XDR were susceptible
to colistin while all GPC including E. faecium and the
86% of GNB to tigecycline. Only 54% of the XDR were
susceptible to tigecycline. All but one XDR bacteria
were susceptible to a possible combination of colistin
and tigecycline.

DISCUSSION

Survival analysis according to drug resistance pattern

A worrisome increase in infections caused by MDR
pathogens in decompensated cirrhosis has been

Kaplan-Meier analysis showed that patients with
XDR bacteria had a worse 30-d survival compared
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MDR/XDR bacteria were exclusively associated with
HCA/nosocomial infections. On the other hand, nonDR bacteria were encountered only in patients with
community-acquired infections. It is remarkable that
community-acquired infections prevalence is reduced
in current cohort compared to that reported in the
[12]
literature .
E. faecium is a common pathogen in the current
cohort comprising the 57% of the total Enterococci.
E. faecium is considered by previous investigators as
[5,18]
a multiresistant organism
because of resistance
to ampicillin, third generation cephalosporins and
[17]
quinolones . Hence, we decided to include susceptible
to vancomycin E. faecium in the MDR group. Eventually,
we observed that all the E. faecium-associated
infections were health-care-associated and/or noso
comial and patients with E. faecium had prolonged
previous hospitalizations comparable to those recorded
in MDR/XDR bacteria. The above findings advocated
that this pathogen belongs to MDR bacteria.
Regarding microbial resistance, no major changes
were recorded in amoxicillin-clavulanate, third
generation cephalosporins and quinolone compared
to the previous study. As reported before in the
local nosocomial setting, the above antibiotics were
ineffective to treat health care-associated and/or
[14]
nosocomial infections . In addition, a relatively high
prevalence of ESBL-producing Enterobacteriaceae
[14]
was previously described . For all reasons reported
above, clinical doctors and infection specialists decided
to administer ceftriaxone to the community-acquired
and meropenem to the health care-associated (HCA)
and/or nosocomial infections during the whole period
of current study. The widespread administration of
carbapenems in the majority of the patients with
HCA/nosocomial infections may have resulted in the
emergence of new XDR strains and warns against the
expanded use of these antibiotics. KPC-producing K.
pneumonia, colistin-resistant or not, MBL-producing
bacteria and multi-resistant P. aeruginosa may be
the consequences of the aforementioned clinical
approach which allows few available therapeutic
options. As the clinicians usually approve the early
antibiotic administration in cirrhotics, many non-infected
patients may receive antibiotics, increasing the rate of
colonization of enteric flora with resistant bacteria which
eventually may become virulent.
The study illustrates two major changes in
clinical practice with important clinical implications.
Firstly, only few patients were receiving quinolone
prophylaxis and as a result MDR/XDR infection
development was not associated with the use of
prophylaxis against SBP. The high prevalence of Gram
[12,19-22]
positive cocci observed worldwide
was also
[14]
[23]
confirmed in both 2008-2011
and 1998-2002
studies in culture-positive SBP cases from our
Department. In addition, a remarkable number of
MDR/XDR-associated infections were demonstrated

Cumulative survival
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XDR
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Figure 1 Comparison of survival among patients infected with extensively
drug-resistant, multi-drug-resistant and non-drug-resistant bacteria. NonDR: Non-drug-resistant bacteria; MDR: Multi-drug resistant; XDR: Extensively
drug-resistant.

Table 4 Univariate and multivariate Cox regression analysis
of factors predicting 30-d mortality in 130 patients with
bacterial infections
Univariate analysis
HR (95%CI)

Multivariate analysis

P value HR (95%CI) P value

Age (per 1 yr)
Gender
Neutrophil-toLeucocyte ratio
C-reactive protein
XDR infections

1.017 (0.997-1.037)
1.134 (0.833-1.542)
1.026 (0.998-1.055)

0.089
0.425
0.072

1.004 (0.999-1.008)
2.7 (1.310-5.565)

0.129
0.007

Total bilirubin
Creatinine

1.051 (1.020-1.082)
1.097 (1.006-1.197)

0.001
0.036

INR

1.746 (1.271-2.399)

0.001

AST

1.000 (0.999-1.001)

0.442

2.263
(1.005-5.095)

0.049

1.125
(1.024-1.236)
1.553
(1.106-2.180)

0.015
0.011

XDR: Extensively drug-resistant; INR: International normalized ratio.

[7-12]

emerged in many countries
. An increasing
frequency in MDR in 47 cases with culture-positiveSBP was described in a previous study from our Center
[14]
(2008-2011) . The current collection of data from
culture-positive infections of both blood stream and
ascitic fluid over the period 2012-2014, showed similar
rates of Gram-positive cocci, MDR pathogens and E.
faecium, with those reported previously.
However, an increasing variety in XDR was currently
recorded. MBL-producing E. coli, VR-enterococci and
colistin-resistant KPC-producing K. pneumonia were
isolated for the first time, while ESBL-producing
Enterobacteriaceae, KPC-producing K. pneumonia,
A. baumanni and multi-drug resistant P. aeruginosa
were also observed in the previous cohort. Notably,
the MDR/XDR pathogens were coming from regular
hospital wards and not from the ICU. In addition,
no previous hospitalizations in ICU were recorded.
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empirical therapy of HCA/nosocomial infections.

in 2008-2011 study. More specifically, GPC accounted
for the half and MDR/XDR for the one third of the
cases. Besides quinolone resistance accounted
for almost half of the cases rendering quinolones
ineffective for secondary prophylaxis. Similar high
rates of quinolone resistance in isolated bacteria were
[12,24-26]
reported in previous investigations
. The low
rate of quinolone prophylaxis in the current cohort
prevented us from considering quinolone as a risk
factor for the development of multiresistant bacteria.
Second, similar 30-d-survival rates were found
between patients infected with non-DR and those
with MDR pathogens. On the contrary, patients with
XDR had significantly lower survival rate compared
to both MDR and non-DR groups. This finding is
not surprising since the impact of MDR on survival
is blunted by the extended use of carbapenems,
producing bacteriological clearance and achieving the
best outcomes in the most MDR Enterobacteriaceaeassociated infections. However, carbapenems are
inefficient at treating both XDR bacteria and E.
faecium. Colistin seemed to be the optimal choice
for the former and glycopeptides for the later except
for vancomycin-resistant strains where tigecycline is
highly effective. As empirical treatment administered
contained neither colistin nor glycopeptides, antibiotic
failure is the cause of poor survival in patients infected
with XDR bacteria. It is a routine in our Center to
take both blood and ascitic fluid culture on admission
and perform a second paracentesis after 48 h of
start of treatment to check the effect of empirical
antibiotic therapy. In case of XDR bacteria, first choice
antibiotic treatment failure was frequent. Thus, the
delay of in vitro susceptibility test, may also delay
the modification of antibiotic treatment and have
deleterious effects on outcome. XDR bacteria were a
strong predictive factor of death in current study even
in multivariate analysis. Hence, empirical antibiotic
treatment requires the use of broad spectrum
antibiotics adapted to the local epidemiological
pattern. A recent investigation recommended a broad
spectrum antibiotic combination including meropenem
plus daptomycin as first line treatment of nosocomial
SBP with favorable effect on survival compared to
[27]
ceftazidime alone .
In conclusion, extensively drug-resistant bacteria
are an independent life-threatening factor of outcome
in cirrhotic patients with spontaneous bacterial
peritonitis and spontaneous bacteremia. Even if our
results could not be extrapolated to other institutions,
it is useful to know local bacterial epidemiology of
infections in cirrhosis in order to restrict overuse
and make a more rational use of antibiotics. In
addition, new microbiological methods aiming at
rapid identification of the responsible bacteria could
help improve survival. As monotherapy seems to be
ineffective in a significant proportion of patients, a
more complex approach including broad spectrum
antibiotic combinations should be considered for
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Background

Spontaneous bacterial peritonitis (SBP) and spontaneous bacteremia (SB)
(positive blood culture with no cause of bacteremia) are the most typical
infections in patients with decompensated cirrhosis related to bacterial
translocation. Early administration of the appropriate empirical antibiotics is
important in order to cover the most commonly isolated bacteria and maximize
the patient’s chance of survival.

Research frontiers

Recently, a change in epidemiology of bacterial infections in cirrhosis has
been observed worldwide characterized by an increasing prevalence of multidrug resistant (MDR) bacteria and a decreased efficacy of antibiotics. In this
study, there is an increased rate of MDR and extensively drug-resistant (XDR)
bacteria even in the absence of quinolone prophylaxis particularly in health-care
associated and/or nosocomial infections.

Innovations and breakthroughs

The literature suggests a high mortality of patients infected with MDR bacteria.
The current study showed a similar mortality in patients with MDR and nonDR bacteria probably because of the wide use of meropenem in health-care
associated and/or nosocomial infections in local area. However, a high mortality
of XDR was observed.

Applications

This study highlights the relatively high prevalence of XDR pathogens in SBP
and SB in decompensated cirrhosis in the local setting and the importance
to modify regional epidemiological factors in order to improve outcome. In
addition, rapid identification of the causative organism and empirical treatment
with a combination of broad-spectrum antibiotics may help improving survival.

Terminology

Multidrug resistant bacteria: strains non susceptible to ≥ 1 agent in ≥ 3
antimicrobial categories. Extensively drug-resistant bacteria: strains nonsusceptible to ≥ 1 agent in all but ≤ 2 antimicrobial categories.

Peer-review

This is a nicely written paper about an important and interesting area. In this
paper, Alexopoulou et al evaluated the epidemiology and outcomes of culturepositive SBP and SB in decompensated cirrhosis patients and revealed the
factors adversely affecting outcome included XDR infection, elevated creatinine
and INR. The drug resistance of isolated bacteria to antibiotics also were
investigated and authors provided the explanations of drug-resistance and
the measures of preventing antibiotic-resistance. These findings are useful
for clinicians to restrict overuse, make a more rational use of antibiotics, and
eventually improve the survival of these patients.
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The nasogastric tube (NGT) has become a frequently
used device to alleviate gastrointestinal symptoms.
Nasogastric tube syndrome (NTS) is an uncommon but
potentially life-threatening complication of an indwelling
NGT. NTS is characterized by acute upper airway
obstruction due to bilateral vocal cord paralysis. We
report a case of a 76-year-old man with NTS, induced
by an indwelling long intestinal tube. He was admitted
to our hospital for treatment of sigmoid colon cancer.
He underwent sigmoidectomy to release a bowel
obstruction, and had a long intestinal tube inserted to
decompress the intestinal tract. He presented acute
dyspnea following prolonged intestinal intubation, and
bronchoscopy showed bilateral vocal cord paralysis.
The NGT was removed immediately, and tracheotomy
was performed. The patient was finally discharged in
a fully recovered state. NTS be considered in patients
complaining of acute upper airway obstruction, not
only with a NGT inserted but also with a long intestinal
tube.

Institutional review board statement: This case report was
reviewed and approved by the University of Tsukuba Institutional
Review Board.
Informed consent statement: Informed consent was obtained
from the patient for publication of this case report and any
accompanying images.
Conflict-of-interest statement: The authors declare no conflicts
of interest.
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: Nasogastric tube syndrome; Nasogastric
tube; Long intestinal tube; Acute upper airway
obstruction; Tracheotomy

Correspondence to: Nobuhiro Ohkohchi, MD, PhD,
Professor, Department of Surgery and Organ Transplantation,
Faculty of Medicine, University of Tsukuba, 1-1-1 Tennodai,
Tsukuba, Ibaraki 305-8575, Japan. nokochi3@md.tsukuba.ac.jp
Telephone: +81-29-8533221
Fax: +81-29-8533222

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

Core tip: Nasogastric tube syndrome (NTS) is an
uncommon but potentially life-threatening complication
of an indwelling nasogastric tube (NGT). NTS is
characterized by acute upper airway obstruction
due to bilateral vocal cord paralysis. We report a
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case of a 76-year-old man with NTS, induced by an
indwelling long intestinal tube. He presented acute
dyspnea following prolonged intestinal intubation, and
bronchoscopy showed bilateral vocal cord paralysis.
The NGT was removed immediately, and tracheotomy
was performed to establish a safe airway. NTS be
considered in patients complaining of acute upper
airway obstruction, not only with a NGT inserted but
also with a long intestinal tube inserted.

To improve the laryngeal injury, the patient was
extubated two days later. Because wheezing persisted
even after extubation, the patient was submitted
bronchoscopy, which showed bilateral vocal cord
dysfunction. Tracheotomy was performed for dyspnea.
Four weeks following tracheotomy, bronchoscopy
showed improving bilateral vocal cord paralysis. Finally,
the patient recovered one month after the onset of
NTS and was discharged with the tracheotomy closed.

Sano N, Yamamoto M, Nagai K, Yamada K, Ohkohchi N.
Nasogastric tube syndrome induced by an indwelling long
intestinal tube. World J Gastroenterol 2016; 22(15): 4057-4061
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
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DISCUSSION
NGT is one of the most commonly used devices
in hospital patient care. Most often, NGT is placed
for days to weeks before digestive symptoms
become manifest. NTS is a rare but potentially fatal
complication of nasogastric intubation, comprising
acute upper airway obstruction due to bilateral vocal
cord paralysis. However, due to ignorance of this
disease, it is believed that there have been fewer cases
reported than have actually occurred. Bilateral vocal
cord paralysis is the principal sign that has brought
this condition to clinical awareness. We experienced
an extremely rare case of NTS induced by indwelling a
[6]
long intestinal tube .
The term NTS was introduced by Sofferman in
1990 to describe the triad of throat pain, nasogastric
[3]
intubation, and vocal cord paralysis man . Brousseau
[8]
et al reported that 71% cases of NTS occurred in
men, and 29% of cases occurred in women. Harmon
[13]
et al
reported that this syndrome developed in both
[8]
children and adults. Brousseau et al also estimated
a range of NTS onset from 12 h after intubation to 2
wk after extubation. Time to recovery from respiratory
symptoms and vocal cords dysfunction has been
[3-6,9,10,12,13]
reported at 1 d to 3 mo
. In our case, the
symptoms were present 6 d after long intestinal
intubation, and a month was required for complete
recovery.
Throat pain is an important symptom. Most often,
the discomfort is correctly attributed to the NGT, but
its significance is usually minimized. Unless the pain is
closely followed by stridor, otolaryngologic consultation
can be delayed by several days to more than a week
after the initial complaint. Odynophagia and referred
otalgia are additional symptoms that coexist within the
broad framework of this syndrome.
Diabetes mellitus and immunocompromised
[3]
states have been suggested as risk factors for NTS .
Moreover, time to recovery have been reported to be
[3]
longer in diabetic patients . In our case, the patient
did not have diabetes mellitus. Because the number
of NTS case reports is very small, the risk factors for
the disease are currently unclear. It is necessary to
accumulate further case reports.
It is important first to diagnose NTS accurately.
If it is not suspected at the time of intubation,
bronchoscopy might be omitted and the correct

INTRODUCTION
Nasogastric tube (NGT) is commonly used for a
variety of indications since its first description by
[1]
Hunter in 1790 . Despite extensive adaptation,
serious complications have occasionally been reported.
Iglauer and Molt first described damage to the larynx
due to an indwelling enteric tube in a case series in
[2]
1939 . NTS was later formally defined by Sofferman
[3]
et al in 1990. This syndrome consists of throat
pain, the presence of a NGT, and vocal cord abductor
[3]
dysfunction . It is encountered only rarely, but it is
potentially life threatening.
To our knowledge, in all of the medical literature,
a total of 20 case reports (Table 1) and 2 reviews
(including the case report described) of NTS have been
[3-14]
published through 2014
. Of these cases, only one
[6]
case was induced by indwelling a long intestinal tube .
It is hypothesized that early and adequate
investigation of throat pain and hoarseness in patients
with an indwelling NGT or a long intestinal tube is
critical to the diagnosis and timely management of
NTS.

CASE REPORT
A 76-year-old man was admitted to the Tsukuba
Medical Center Hospital for the treatment of sigmoid
colon cancer. The physiological examination, abdominal
X-ray (Figure 1A), and computed tomography (Figure
2) indicated colonic obstruction caused by a tumor
in the sigmoid colon. Sigmoidectomy was performed
urgently, and a long intestinal tube was placed into
the jejunum during surgery for bowel decompression
(Figure 1B). Six days after tube placement, the patient
developed throat pain, acute inspiratory stridor, and
oxygen failure. The long intestinal tube was removed
immediately, and the patient was intubated to improve
the oxygenation failure. When intubating, post-cricoid
ulceration and arytenoid edema were observed.
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Table 1 Case reports of nasogastric tube syndrome
Author

Year

Age (yr), sex

Tube

Treatment

Outcome

Sofferman et al[3]
Sofferman et al[3]
Sofferman et al[3]
Sofferman et al[3]
Apostolakis et al[4]
Apostolakis et al[4]
Leclerc et al[14]
Nehru et al[5]
Sanaka et al[6]
Isozaki et al[7]
Isozaki et al[7]
Isozaki et al[7]
Isozaki et al[7]
Marcus et al[9]
Vielva del Campo et al[12]
Ohshima et al[11]
Harmon et al[13]
Harmon et al[13]
Harmon et al[13]
Our case

1990
1990
1990
1990
2001
2001
2002
2003
2004
2005
2005
2005
2005
2006
2010
2010
2014
2014
2014
2015

28, male
42, male
36, male
45, female
77, male
73, male
71, female
60, male
85, male
73, male
77, female
79, female
72, female
72, male
70, female
62, female
2 mo, male
3 mo, female
3 mo, male
76, male

NGT
NGT
NGT
NGT
NGT
NGT
NGT
NGT
Long intestinal tube
NGT
NGT
NGT
NGT
NGT
NGT
NGT
NGT
NGT
NGT
Long intestinal tube

Removal of NGT, tracheotomy
Removal of NGT, tracheotomy
Removal of NGT, tracheotomy
Removal of NGT, tracheotomy
Removal of NGT, tracheotomy
Removal of NGT, tracheotomy
Tracheotomy
Removal of NGT, tracheotomy
Removal of long intestinal tube, tracheotomy
None
Removal of NGT
Undescribed
Undescribed
Removal of NGT, tracheotomy
Removal of NGT, tracheotomy
Removal of NGT
Removal of NGT
Removal of NGT
Removal of NGT
Removal of NGT, tracheotomy

Full recover
Full recover
Death
Full recover
Not recover
Full recover
Not recover (cricoid necrosis)
Full recover
Full recover
Death
Death
Undescribed
Undescribed
Full recover
Full recover
Full recover
Full recover
Full recover
Full recover
Full recover

NGT: Nasogastric tube.

A

is supine, the cricoid bone compresses the tube
against the supine. Finally, tonic contraction of the
cricopharyngeus muscle pulls the tube against
the delicate and thin post-cricoid mucosa. This
combination generates local irritation, edema and
eventual ulceration of the tissues, leading to impaired
vocal cord function. It is believed that the upper airway
is closed by the swelling that occurs due to the above
mechanism.
The key treatment of NTS is removal of the NGT
or long intestinal tube because it can lead to rapid
resolution of respiratory distress. If a patient suffering
from NTS requires prolonged bowel decompression,
a percutaneous gastrostomy is an option. There have
also been cases that improved only with the removal
of the tube. However, when removal of the tube does
not improve symptoms, tracheotomy will be required.
[5]
Nehru et al reported that 77% of all NTS cases
required tracheotomy. Tracheotomy is preferable
to prolonged endotracheal intubation because the
latter can delay the recovery of vocal cord function
for several months. With regard to other treatments,
parenteral corticosteroids should be used to reduce
inflammation, and antibiotics should be used to
prevent the formation of retro-cricoid abscesses.
Moreover, the patient should refrain from oral ingestion
for several days, with daily inspection of the larynx
to detect reduction in arytenoid edema. If necessary,
intravenous fluids, hyperalimentation, or gastrostomy
could be required during this interval. In our case, the
long intestinal tube was removed immediately, and
tracheotomy was performed.
To prevent the onset of NTS, adaptation of the NGT
or long intestinal tube insertion should be carefully
determined. Moreover, a more narrow tube diameter

B

Figure 1 Abdominal X-ray. A: Intestinal obstruction at hospitalization; B:
abdominal X-ray after long intestinal intubation.

diagnosis missed. The diagnosis of vocal cord paralysis
and a post-cricoid ulcer can be excluded only by
[4]
direct visualization of the entire post-cricoid area .
The most common findings, using the scope of the
pharynx and the larynx in all of the published cases,
have been bilateral vocal cord paralysis and ulceration
[8]
of the post-cricoid region . In our case, bronchoscopy
showed only bilateral vocal cord paralysis induced by
an indwelling long intestinal tube. The assessment of
suspected cases of vocal cords paralysis in the setting
of NGT or a long intestinal tube should include a full
head and neck examination to exclude other causes
and bronchoscopy to evaluate vocal cord function,
ulceration, and the post-cricoid area, as well as
ultrasound or computed tomography of the neck to
exclude compressive pathologies.
The mechanisms of NTS can be explained in three
[3,8,9,12]
parts
. First, the mobile laryngeal structures
rub against the fixed NGT. Second, while the patient
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Treatment

The key treatment is removal of the nasogastric tube or long intestinal tube.
When removal of the tube does not improve symptoms, tracheotomy will be
required.

Related reports

Very few cases of nasogastric tube syndrome have been reported in the
literature. In most of the cases have been induced by an indwelling the
nasogastric tube. The authors report a case induced by an indwelling long
intestinal tube.

Term explanation

NTS is defined as nasogastric tube syndrome and NGT is defined as
nasogastric tube.

Peer-review

Figure 2 Computed tomography revealed sigmoid colon cancer. The white
arrows indicated the site of stenosis due to the cancer.

The authors have described a case of nasogastric tube syndrome, which is rare
and should, therefore, be reported. The patient was finally discharged in a fully
recovered state by treatment with the appropriate diagnosis.

should be chosen to reduce the pressure with which
the tube presses against the organization. Friedman et
[15]
al
reported that midline tube placement generated
severe inflammation in the post-cricoid region more
often than lateral tube placement. A long intestinal
tube with a large diameter might be more easily
placed in the midline than a NGT and lead to NTS.
In summary, we have reported a very rare but
life-threatening case of the NTS induced by a long
intestinal tube. We believe that this is only the
second report of a case of NTS associated with a long
intestinal tube for postoperative bowel decompression.
NTS should be considered in all patients who present
with throat pain, hoarseness, or shortness of breath
after a nasogastric or a long intestinal intubation. It
is hoped that careful attention to these conditions will
prevent the full syndrome from becoming manifest.
NTS requires prompt treatment, such as removal of
the tube and tracheotomy, and close follow-up with
bronchoscopy. If patients are properly diagnosed,
almost all of them will eventually recover.
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Anti-androgen therapy is the leading treatment for
advanced prostate cancer and is commonly used for
neoadjuvant or adjuvant treatment. Bicalutamide
is a non-steroidal anti-androgen, used during the
initiation of androgen deprivation therapy along with
a luteinizing hormone-releasing hormone agonist
to reduce the symptoms of tumor-related flares
in patients with advanced prostate cancer. As side
effects, bicalutamide can cause fatigue, gynecomastia,
and decreased libido through competitive androgen
receptor blockade. Additionally, although not as
common, drug-induced liver injury has also been
reported. Herein, we report a case of hepatotoxicity
secondary to bicalutamide use. Typically, bicalutamideinduced hepatotoxicity develops after a few days;
however, in this case, hepatic injury occurred 5 mo
after treatment initiation. Based on this rare case of
delayed liver injury, we recommend careful monitoring
of liver function throughout bicalutamide treatment for
prostate cancer.

Supported by Departments of Internal Medicine, Chungnam
National University School of Medicine, Daejeon, South Korea.
Institutional review board statement: This case report
was exempt from the Institutional Review Board standards at
Chungnam National University School of Medicine in Daejeon.
Informed consent statement: The patient involved in this
study gave his written informed consent authorizing use and
disclosure of his protected health information.
Conflict-of-interest statement: All the authors have no conflicts
of interests to declare.
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: Bicalutamide; Drug-induced liver injury;
Prostate neoplasm

Correspondence to: Seok Hyun Kim, MD, PhD, Professor,
Department of Internal Medicine, Chungnam National University
School of Medicine, Chungnam National University Hospital,
266 Munhwa-ro, Daejeon 301-721,
South Korea. midoctor@cnu.ac.kr
Telephone: +82-42-2807143
Fax: +82-42-2575753

WJG|www.wjgnet.com

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

Core tip: This case report describes a 62-year-old
man with prostate cancer who experienced delayed
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liver injury after bicalutamide therapy. In previous
case reports on bicalutamide-induced liver injury, liver
failure occurred shortly after bicalutamide therapy
initiation. However, in this case, liver injury occurred 5
mo after bicalutamide treatment initiation. Therefore,
our case emphasizes that liver function measurements
should be monitored from baseline for at least the
first 6 mo of therapy, and then periodically during the
entire period of treatment with bicalutamide.
Yun GY, Kim SH, Kim SW, Joo JS, Kim JS, Lee ES, Lee BS,
Kang SH, Moon HS, Sung JK, Lee HY, Kim KH. Atypical onset
of bicalutamide-induced liver injury. World J Gastroenterol 2016;
22(15): 4062-4065 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i15/4062.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i15.4062

Figure 1 Liver biopsy showed acute intrahepatic cholestasis (red arrow)
in zone 3 and sinusoidal dilation with moderate lobular inflammation (blue
arrow) (hematoxylin and eosin, × 200).

jaundice for a few days. He had been orally taking
100 mg bicalutamide daily for 19 wk as neoadjuvant
chemotherapy prior to presentation. He did not admit
to use of illegal drugs or alcohol. Physical examination
revealed scleral icterus. Blood work revealed acute
liver dysfunction with alanine aminotransferase,
677 U/L; aspartate aminotransferase, 440 U/L; and
international normalized ratio, 1.17. The total bilirubin,
gamma-glutamyl transpeptidase, and alkaline
phosphatase levels were 1.62 mg/dL, 80 U/L, and 87
U/L, respectively. The international normalized ratio
was in the normal range during the entire period.
He had normal baseline laboratory results at the
initiation of bicalutamide administration. The result
for hepatitis A immunoglobulin M was negative.
Hepatitis B surface antigen was negative. Hepatitis
C RNA was undetectable. The results for hepatitis
E immunoglobulin M and G were also negative. On
the other hand, the hepatitis B surface antibody was
positive. Other etiologies like autoimmune disease,
drugs, common toxins, and copper or iron-induced
insult were considered. However, the antibodies for
anti-mitochondrial, antinuclear, and anti-smooth
muscle were negative, and the serum copper,
ceruloplasmin, and 24-h urine copper levels were
in the normal ranges. The modified Roussel Uclaf
Causality Assessment Method scale score was 8. These
findings strongly suggested drug-induced liver injury.
Abdominal CT showed non-specific findings, whereas
liver biopsy revealed acute intrahepatic cholestasis in
zone 3 and sinusoidal dilation with moderate lobular
inflammation (Figure 1), suggesting liver injury
caused by androgen, estrogen, or glucocorticoid
administration.
As a result, bicalutamide was immediately
withdrawn, and the patient was started on 75 mg/
d biphenyl-dimethyl-dicarboxylate and 300 mg/d
ursodeoxycholic acid. Laboratory abnormalities
reduced with alanine aminotransferase and aspartate
aminotransferase levels of 11 U/L and 21 U/L, res
pectively, after 12 wk. Consequently, the patient

INTRODUCTION
Prostate neoplasms represent the second most
common reason for male cancer-related mortality
[1]
in the United States . Mean age at diagnosis is 72
years; the condition is therefore called an “old man’s”
disease. The 5-year overall survival rates have been
estimated to be 92%-95% for localized, 80%-83% for
locally advanced, and 29% for metastatic disease. In
metastatic prostate cancer, anti-androgen therapy is
the chief treatment. More import role of anti-androgen
therapy is the neoadjuvant or adjuvant therapy in the
[2]
management of less advanced cancers .
Bicalutamide is a non-steroidal anti-androgen
agent frequently administered during the initiation of
androgen deprivation therapy along with a luteinizing
hormone-releasing hormone agonist; it relieves the
flare symptoms in patients with advanced prostate
cancer. The frequent drug-induced toxicities caused by
bicalutamide are hot flashes, gynecomastia, and breast
[3]
pain . Liver function test abnormalities, particularly in
elevated transaminases, are also seen in bicalutamide
use. To our knowledge, there are currently only four
previous reports on bicalutamide-induced liver injury
worldwide, with no previous case reported in Korea. In
these previous cases, the liver function impairments
were typically transient and occurred within a few days
[2,4-6]
of bicalutamide use
.
In this case report, we present an uncommon
case of delayed liver injury after bicalutamide therapy,
showing prolonged liver dysfunction maintained for
approximately 2 mo. This is the first description of
bicalutamide-induced liver injury in a Korean patient.

CASE REPORT
A 62-year-old South Korean man who was diagnosed
with prostate cancer (T2N0M0; Gleason score 6; initial
prostate-specific antigen, 6.75 ng/mL) presented with
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Among the non-steroidal anti-androgens, flutamide
has been established to induce liver injury and cause
mild aminotransferase elevation in 42%-62% of
[13]
patients .
However, while an article search for case reports of
non-steroidal anti-androgens revealed many cases of
flutamide-induced liver injury, cases of bicalutamide
toxicity were rare. In four previously reported cases of
bicalutamide-induced liver injury, the injury occurred
after receiving 50 mg/d orally for 2 d, 50 mg/d orally
for 4 d, 50 mg/d orally for 3 mo, and 150 mg/d orally
for 3 wk. Of these, two patients died as a result of
fulminant hepatic failure while the other two patients
showed clinical and serological improvement within
[2,4-6]
days
. These previous reports suggest that the
possible mechanism of bicalutamide-induced liver injury
comprise direct hepatotoxicity and idiosyncratic reaction.
Initially, our patient was first treated in the urology
department where he received 100 mg bicalutamide
daily. He developed liver injury after daily bicalutamide
use for 19 wk, but slowly showed improved liver
function 12 wk after ceasing medication use. The higher
daily dose (100 mg), compared to that administered to
patients described in the previous case reports (50 mg),
and may be associated with a dose-response effect. On
the other hand, the delayed liver injury may indicate
an idiosyncratic reaction, because of the unpredictable
latency. Irrespective of the mechanism, potentially lifethreatening and clinically significant liver injury can
result from the use of bicalutamide.
Therefore, immediate recognition and stopping
bicalutamide is vital to avoid severe complications
such as fulminant hepatitis. Liver function tests should
be regularly conducted during and after bicalutamide
administration.
Actually, the patient described herein was referred
to our department from the urology department 5 mo
after bicalutamide treatment initiation. The exact time
at which bicalutamide-induced liver injury occurred
may be unclear, because liver enzyme measurements
were not followed at the urology department. This
case emphasizes that liver function measurements
should be checked from the baseline for at least the
first 6 mo of treatment, and then regularly during the
entire period of treatment with bicalutamide.
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Figure 2 Courses of the laboratory findings from baseline (treatment
initiation) to 8 mo later. The right axis (0-6) shows the values of TB (mg/dL).
The left axis shows the values for AST, ALT, ALP, and r-GT (U/L). ALP: Alkaline
phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
TB: Total bilirubin, r-GT: Gamma-glutamyl transpeptidase.

underwent radical prostatectomy (Figure 2).

DISCUSSION
Several patterns of liver injury can occur secondary
to many drugs, including cholestasis, hepatitis, and
mixed-form injuries. Such drug-induced liver injury
is usually divided into idiosyncratic and intrinsic
reactions depend on the predictability and dose
dependency. Intrinsic hepatotoxicity is dose dependent
and can be predicted once a specific threshold
amount has been absorbed. Conversely, idiosyncratic
hepatotoxicity is dose independent and is subsequently
[2,7-10]
unpredictable
.
Liver biopsy is not routinely performed for
evaluating drug-induced liver injury. However, it
provides the opportunity to determine the form of
injury, which may help confirm or exclude druginduced liver injury, along with characterizing the
[11]
distribution and severity of injury in the liver . In
this case, our patient underwent liver biopsy, which
indicated drug-induced liver injury (e.g., erythromycin,
estrogen, androgen, diazepam, diphenylhydantoin,
glucocorticoid, thioguanine, or azathioprine-induced
injury). Owing to the rarity of bicalutamide-induced
liver toxicity, no specific pathologic findings have been
described, and our findings may hence provide a basis
for the diagnosis of bicalutamide-induced liver injury.
Bicalutamide is an orally active non-steroidal
anti-androgen. It competitively antagonizes the
actions of androgens of both testicular and adrenal
origin at the receptor level, thereby preventing the
[12]
spread of prostate cancer . Unlike steroidal antiandrogens (e.g., cyproterone acetate), non-steroidal
anti-androgens (e.g., bicalutamide, nilutamide, and
flutamide) do not suppress testosterone production
and provides a better quality of life over castration.
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Case characteristics

A 62-year-old South Korean man with prostate cancer (T2N0M0; Gleason score
6) presented with jaundice for a few days.

Clinical diagnosis

Physical examination revealed scleral icterus.

Differential diagnosis

Viral hepatitis, autoimmune hepatitis, and metastasis of prostate cancer to the
liver are differential diagnoses.

4064

April 21, 2016|Volume 22|Issue 15|

Yun GY et al . Bicalutamide-induced liver injury

Laboratory diagnosis

REFERENCES

The aspartate aminotransferase, alanine aminotransferase, alkaline
phosphatase, gamma-glutamyl transpeptidase, total bilirubin, and international
normalized ratio levels were 440 U/L, 677 U/L, 87 U/L, 80 U/L, 1.62 mg/dL, and
1.17, respectively.

1
2

Imaging diagnosis

Abdominal CT showed non-specific findings.

3

Pathological diagnosis

Liver biopsy suggested liver injury caused by androgen, estrogen, or
glucocorticoid administration.

4

Treatment

5

Bicalutamide was immediately discontinued.
6

Related reports

There are only four previous case reports on bicalutamide-induced liver
injury. In these previous cases, hepatic failure occurred within a few days of
bicalutamide use.

7

Term explanation

8

Experiences and lessons

9

There are no unusual terms that require explanation.

Although rare, clinically significant and potentially life-threatening liver injury
can result from the use of bicalutamide. Prompt recognition and discontinuation
of bicalutamide is necessary to avoid serious complications such as fulminant
hepatitis. Liver function measurements should be monitored from baseline for
at least the first 6 mo of therapy, and then periodically during the entire period
of treatment with bicalutamide.

10
11

Peer-review

12

The authors describe a rare case of bicalutamide-induced hepatotoxicity, a 62
year-old Korean man with prostate cancer was administered with bicalutamide
as a neoadjuvant chemotherapy and he experienced delayed liver injury. This
is an interesting case study with valuable insights for the monitoring of liver
enzymes in patients being treated with bicalutamide.

13

Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer
J Clin 2014; 64: 9-29 [PMID: 24399786 DOI: 10.3322/caac.21208]
Castro Beza I, Sánchez Ruiz J, Peracaula Espino FJ, Villanego
Beltrán MI. Drug-related hepatotoxicity and hepatic failure
following combined androgen blockade. Clin Transl Oncol 2008;
10: 591-592 [PMID: 18796378 DOI: 10.1007/s12094-008-0256-5]
Kaisary AV. Current clinical studies with a new nonsteroidal
antiandrogen, Casodex. Prostate Suppl 1994; 5: 27-33 [PMID:
8172713 DOI: 10.1002/pros.2990250709]
Dawson LA, Chow E, Morton G. Fulminant hepatic failure
associated with bicalutamide. Urology 1997; 49: 283-284 [PMID:
9037299 DOI: 10.1016/S0090-4295(96)00355-X]
O’Bryant CL, Flaig TW, Utz KJ. Bicalutamide-associated
fulminant hepatotoxicity. Pharmacotherapy 2008; 28: 1071-1075
[PMID: 18657023 DOI: 10.1592/phco.28.8.1071]
Hussain S, Haidar A, Bloom RE, Zayouna N, Piper MH, Jafri SM.
Bicalutamide-induced hepatotoxicity: A rare adverse effect. Am J
Case Rep 2014; 15: 266-270 [PMID: 24967002 DOI: 10.12659/
AJCR.890679]
Kackar RR, Desai HG. Hepatic failure with flutamide. Indian J
Gastroenterol 2003; 22: 149-150 [PMID: 12962443]
Wysowski DK, Freiman JP, Tourtelot JB, Horton ML. Fatal and
nonfatal hepatotoxicity associated with flutamide. Ann Intern Med
1993; 118: 860-864 [PMID: 7683180 DOI: 10.7326/0003-4819-11
8-11-199306010-00006]
Wysowski DK, Fourcroy JL. Flutamide hepatotoxicity. J Urol 1996;
155: 209-212 [PMID: 7490837 DOI: 10.1016/S0022-5347(01)66596-0]
Stephens C, Andrade RJ, Lucena MI. Mechanisms of drug-induced
liver injury. Curr Opin Allergy Clin Immunol 2014; 14: 286-292
[PMID: 24915546 DOI: 10.1097/ACI.0000000000000070]
Kleiner DE. Liver histology in the diagnosis and prognosis of
drug-induced liver injury. Clinical Liver Disease 2014; 4: 12-16
[DOI: 10.1002/cld.371]
Kolvenbag GJ, Blackledge GR, Gotting-Smith K. Bicalutamide
(Casodex) in the treatment of prostate cancer: history of clinical
development. Prostate 1998; 34: 61-72 [PMID: 9428389]
McLeod DG. Tolerability of Nonsteroidal Antiandrogens in the
Treatment of Advanced Prostate Cancer. Oncologist 1997; 2: 18-27
[PMID: 10388026]
P- Reviewer: Chiang TA, Jin B, Jaeschke H,
Jamall IS, Kim Y, Thomopoulos KC
S- Editor: Qi Y L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

4065

April 21, 2016|Volume 22|Issue 15|

World J Gastroenterol 2016 April 21; 22(15): 4066-4070
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.i15.4066

© 2016 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Gastric inverted hyperplastic polyp: A rare cause of iron
deficiency anemia
Jin Tak Yun, Seung Woo Lee, Dong Pil Kim, Seung Hwa Choi, Seok-Hwan Kim, Jun Kyu Park, Sun Hee Jang,
Yun Jung Park, Ye Gyu Sung, Hae Jung Sul
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/

Jin Tak Yun, Seung Woo Lee, Dong Pil Kim, Seung Hwa
Choi, Seok-Hwan Kim, Jun Kyu Park, Sun Hee Jang, Yun
Jung Park, Ye Gyu Sung, Division of Gastroenterology,
Department of Internal Medicine, College of Medicine, Daejeon
St. Mary’s Hospital, The Catholic University of Korea, Daejeon
301-723, South Korea

Correspondence to: Seung Woo Lee, MD, PhD, Division of
Gastroenterology, Department of Internal Medicine, College of
Medicine, Daejeon St. Mary’s Hospital, The Catholic University
of Korea, 64 Daeheung-ro, Jung-gu, Daejeon 301-723,
South Korea. leeseungw00@hanmail.net
Telephone: +82-42-2209501
Fax: +82-42-2526808

Hae Jung Sul, Department of Pathology, College of Medicine,
Daejeon St. Mary’s Hospital, The Catholic University of Korea,
Daejeon 301-723, South Korea
Author contributions: Yun JT and Lee SW designed the report;
Kim DP, Choi SH and Kim SH collected the patient’s clinical
data; Park JK, Jang SH, Park YJ and Sung YG contributed to
revising the manuscript; Yun JT and Lee SW wrote the paper; all
authors contributed to the manuscript.

Received: December 12, 2015
Peer-review started: December 13, 2015
First decision: December 21, 2015
Revised: December 25, 2015
Accepted: January 9, 2016
Article in press: January 11, 2016
Published online: April 21, 2016

Supported by Division of Gastroenterology, Department of
Internal Medicine, College of Medicine, Daejeon St. Mary`s
Hospital, The Catholic University of Korea.
Institutional review board statement: The case has been
discussed with the most senior member of staff in charge of the
patient’s care who has given consent for this, and consent was
obtained for use of accompanying pathologic images from the
consultant pathologist. The study was reviewed and approved
by the Daejeon St. Mary`s Hospital of the Catholic University of
Korea Institutional Review Board.

Abstract
Gastric inverted hyperplastic polyp (IHP) is a rare
gastric polyp characterized by the downward growth of
hyperplastic mucosal components into the submucosal
layer. Macroscopically, a gastric IHP resembles a
subepithelial tumor (SET); as a result, accurately
diagnosing gastric IHP is difficult. This issue has clinical
significance because gastric IHP can be misdiagnosed
as SET or as malignant neoplasm In addition, adeno
carcinoma can accompany benign gastric IHP. Although
in most cases, gastric IHPs are asymptomatic and are
found incidentally, these polyps may cause anemia
secondary to chronic bleeding. Here, we report one
case involving gastric IHP accompanied by chronic iron
deficiency anemia that was successfully managed using
endoscopic submucosal dissection.
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A

Core tip: Gastric inverted hyperplastic polyp (IHP) is
a rare gastric polyp characterized by the downward
growth of hyperplastic mucosal components into the
submucosal layer. It is difficult to diagnose accurately
without endoscopic resection and pathological
investigation because of its inverted grown into the
submucosal layer and the paucity of case reports. In
most cases, gastric IHPs are asymptomatic and are
found incidentally. Rarely, it may manifest as anemia
secondary to chronic bleeding and can be ignored by
inexperienced endoscopist. Importantly, it is reported to
be related with dysplasia and adenocarcinoma. So, en
bloc resection using endoscopic submucosal dissection
was recommended for diagnosis and treatment.

B

Yun JT, Lee SW, Kim DP, Choi SH, Kim SH, Park JK, Jang SH,
Park YJ, Sung YG, Sul HJ. Gastric inverted hyperplastic polyp:
A rare cause of iron deficiency anemia. World J Gastroenterol
2016; 22(15): 4066-4070 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i15/4066.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i15.4066
Figure 1 Gastric subepithelial tumor on the greater curvature side
of the lower body. A: 7 years ago, gastric subepithelial tumor (SET) with
hypervascular mucosal change was shown. When pushed the gastric SET by
cold biopsy forcep, mucous secretion flowed from the lesion; B: At admission,
gastric SET had shown the growth of size. Top of the gastric SET was shown
slightly depressed, irregular and hypervascular change.

INTRODUCTION
Gastric inverted hyperplastic polyp (IHP) is a rare
gastric polyp characterized by the downward growth of
hyperplastic mucosal components into the submucosal
[1]
layer . In 1993, Kamata et al first referred to this
[2]
type of lesion as an IHP . This polyp has also been
called a hamartomatous polyp and a solitary polypoid
[3]
hamartoma . Macroscopically, a gastric IHP resembles
a subepithelial tumor (SET); as a result, accurately
diagnosing gastric IHP is difficult. This issue has clinical
significance because gastric IHP can be misdiagnosed
as SET or as malignant neoplasm. In addition,
[1]
adenocarcinoma can accompany benign gastric IHP .
Although most gastric IHPs are symptomatic and are
identified incidentally, we encountered a case of gastric
IHP that had the primary manifestation of chronic iron
deficiency anemia (IDA) and was successfully managed
using endoscopic submucosal dissection (ESD).

At admission, a physical examination produced
unremarkable findings. Complete blood count results
indicated a white blood cell count, hemoglobin level,
3
and platelet count of 5900/mm , 6.5 g/dL, and
3
497000/mm , respectively. The patient’s anemia was
diagnosed as IDA and her stool was negative for occult
blood. Blood chemistry results were unremarkable.
An endoscopic examination revealed a 1.5 cm SET
on the greater curvature (GC) side of the lower
body. This tumor, which had increased in size since
the previous examination, was covered with normal
mucosa exhibited irregular, hypervascular changes
and a central orifice at its surface (Figure 1B).
Endoscopic forceps biopsy results indicated chronic
gastritis with intestinal metaplasia. A colonoscopic
examination produced unremarkable findings.
Endoscopic ultrasonography (EUS) revealed a 13.2
mm × 11.2 mm heterogeneous hypoechoic tumor in
the submucosal layer of the gastric wall (Figure 2A).
Abdominal contrast-enhanced computed tomography
(CT) indicated the presence of a 1.5 cm, oval-shaped
enhancing mass in the stomach, on the GC side of the
lower body (Figure 2B). Because this lesion could have
been a cause of the patient’s IDA and because we
wished to obtain an appropriate diagnosis, we decided
to respect the mass in question using ESD. Grossly,
the resected specimen measured 5.0 cm × 3.0 cm

CASE REPORT
A 64-year-old woman presented with several year
history of dizziness and general weakness that had
recently become aggravated. Her medical history
was otherwise unremarkable. Approximately 7 years
prior to the events described here, the patient had
been diagnosed with gastric SET (Figure 1A). A biopsy
indicated the presence of chronic gastritis. Although
the patient had undergone endoscopic examinations
nearly every year, no treatment for her gastric SET
had been considered.
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A

B

C
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Figure 2 Colonoscopic examinations. A: Endoscopic ultrasonography (EUS) demonstrated a 13.2 mm × 11.2 mm-sized heterogeneous hypoechoic tumor (white
arrow) in the submucosal layer of the gastric wall; B: Abdominal contrast-enhanced computed tomography (CT) demonstrated a 1.5 cm-sized, oval-shaped enhancing
mass (white arrow) on the GC side of the lower body; C: ESD specimen measuring 5.0 cm × 3.0 cm showed a 1.5 cm-sized, well-circumscribed polypoid lesion; D:
Follow-up endoscopic examination demonstrated a post ESD scar with converging fold on the GC side of the lower body.

A

B

Figure 3 Microscopy of the endoscopic submucosal dissection specimen. A: Well-circumscribed inverted growth pattern into the submucosal layer was shown (HE
staining, × 10); B: Endophytic proliferation of hyperplastic columnar cells and connected with inflamed surface epithelium was shown. No architectural or cytological
atypia was found (HE staining, × 100).

and included a well-circumscribed 1.5 cm polypoid
lesion (Figure 2C). Histologically, the lesion mainly
consisted of inverted proliferating columnar cells and
was primarily composed of hyperplastic foveolar-type
glands; focal cystic dilatation, inflammatory cells, and
smooth muscle bundles in the stroma were observed
(Figure 3). The pathologic diagnosis was consistent
with gastric IHP. No architectural or cytological atypia
were detected.
The patient was discharged following endoscopic
treatment of gastric IHP; 5 mo later, the patient’s
hemoglobin had normalized to 12.4 g/dL, and anemic

WJG|www.wjgnet.com

symptoms such as general weakness and dizziness
had disappeared. A follow-up endoscopic examination
revealed a post-ESD scar with a converging fold on the
GC side of the lower body (Figure 2D).

DISCUSSION
Gastric polyps can be classified by morphology as
either protruding or inverted. Most gastric polyps
are protruding, whereas inverted gastric polyps are
rare. Gastric IHP is characterized by the marked
endophytic proliferation of foveolar-, pyloric-, or fundic-
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type glandular epithelium, which leads to a polypoid
[4]
lesion . Although the pathogenesis of IHP is not well
understood, studies have suggested that inflammation
and subsequent healing may promote epithelial
[4]
displacement .
The connection between the inflamed overlying
mucosa and hyperplastic components in combination
with the presence of the slit-shaped cavity in the polyp’s
center suggested that repeated mucosal inflammation
caused a break in the muscularis mucosae that allowed
for the downward herniation and submucosal trapping
[4]
of mucosal glands .
Our literature review discovered 19 reported
[1-11]
cases of gastric IHP
. Most of this gastric IHP were
asymptomatic and were found incidentally. Rarely,
gastric IHP may manifest as anemia secondary to
chronic bleeding. Among the 19 previously reported
IHP cases, only 1 case presented with mild anemia.
Thus, our IHP case is the first report of symptomatic,
severe anemia as a symptom of gastric IHP.
Gastric IHP is difficult to diagnose accurately without
endoscopic resection and pathological investigation
because of the polyp’s inverted growth into the
submucosal layer and the existence of extremely few
case reports. Gastric IHP is diagnosed based on the
tumor’s pathological characteristics, including fibroblast
cells, smooth muscle proliferation, nerve components,
vasoformative tissue, glandular hyperplasia, and cystic
[1]
gland dilatation . The pathological finding of inverted
ectopic gastric pseudopyloric glands in the submucosal
[1]
layer is critical for diagnosing gastric IHP .
Gastric IHP is reportedly related to dysplasia
[3]
and adenocarcinoma . Although gastric IHPs are
benign tumors, dysplastic or cancerous areas are
found within a large lesion in approximately 20%
[5]
[6]
of gastric IHP cases . Kono et al suggested that
p53 dysregulation may play an important role in the
malignant transformation of gastric IHPs. In addition,
multifocal adenocarcinomas may be present and
randomly distributed across the superficial and deep
regions of a gastric IHP. Therefore, a negative biopsy
cannot reliably exclude the presence of dysplasia or
adenocarcinoma. As a result, a patient with gastric
IHP should be subjected to complete resection with
a negative margin and a thorough histological exami
[4]
nation should be performed . Several methods of
diagnosing and treating gastric IHP have been used,
including conventional polypectomy, endoscopic
mucosal resection with piecemeal resection, ESD,
and surgical approaches such as laparoscopic wedge
resection. Recently, en bloc resection using ESD was
recommended for the diagnosis and treatment of
gastric IHP.
In conclusion, gastric IHP can cause symptoms
such as anemia and can be ignored by an inexpe
rienced endoscopist. Therefore, it is important to
recognize the clinical significance of these lesions and
consider treatment. We have reported a case of gastric
IHP accompanied by chronic IDA that was successfully
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managed using ESD.
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Case characteristics

A 64-year-old woman presented with several year history of dizziness and
general weakness that had recently become aggravated.

Clinical diagnosis

An endoscopic examination revealed a 1.5 cm subepithelial tumor on the
greater curvature (GC) side of the lower body.

Differential diagnosis

Carcinoid, Ectopic pancreas, Granular cell tumor, Leiomyoma, Lymphoma.

Laboratory diagnosis

Hemoglobin level was 6.5 g/dL and all other labs were within normal limits.
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Pathological diagnosis

Gastric inverted hyperplastic polyp (IHP).

Treatment

Endoscopic submucosal dissection (ESD).

Related reports

Gastric IHP is a rare gastric polyp characterized by the downward growth
of hyperplastic mucosal components into the submucosal layer. It is difficult
to diagnose accurately without endoscopic resection and pathological
investigation. Rarely, it may manifest as anemia secondary to chronic bleeding
and is related with dysplasia and adenocarcinoma.

Term explanation

ESD is a well-established technique of endoscopic resection that allows for en
bloc removal of GI epithelial lesions.

Experiences and lessons

Gastric IHP can cause symptoms such as anemia and can be ignored by an
inexperienced endoscopist. Therefore, it is important to recognize the clinical
significance of these lesions and consider treatment.
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Abstract

TO THE EDITOR

We read the article “Effects of daily telephone-based
re-education before taking medicine on Helicobacter
pylori (H. pylori ) eradication: A prospective singlecenter study from China” written by Wang et al
with great interest. It is reported in American and
European guidelines that there is no sufficient test
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We read the article “Effects of daily telephone-based
re-education before taking medicine on Helicobacter
pylori eradication: A prospective single-center study
[1]
from China” written by Wang et al with great
interest. The authors investigated the effects of daily
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Demirci H et al . Effects of telephone on H. pylori eradication
telephone based re-education before taking medicine
for the eradication of Helicobacter pylori (H. pylori) on
the compliance and the eradication rate. We thank the
authors for their contribution of well-presented study.
We believe that these findings of current study will
encourage further studies for H. pylori eradication.
H. pylori remains one of the most widespread
worldwide human infections and is associated with
upper gastrointestinal states, including peptic ulcer
[2]
disease, chronic gastritis, and gastric malignancy .
The prevalence of H. pylori is closely related to
socioeconomic status. This infection is more prevalent
in developing countries than in Western countries.
[1]
Wang et al informed us that in their study that the
daily TRE before taking medicine had no significant
impact on the patients’ compliance, satisfaction, or
H. pylori eradication, but reduced the rate of adverse
events. However, we believe that some points that
should be emphasized in the study.
The authors reported in the present study that they
had used diagnosis of H. pylori infection by at least
13
one of the following methods: C-urea breath test,
histology, rapid urease test or bacterial culture. It is
reported in American and European guidelines that
there is no sufficient test for the diagnosis of H. pylori
except culture and that using at least two different
[2,3]
tests for diagnosis of H. pylori is recommended .
Hence, we consider that the number of H. pylori
positive patients is different from that found in this
present study. It is obviously seen that this distinction
in number of H. pylori positive patients will impress the
results of the study.
Additionally, patients who used antibiotics or
bismuth salts in the previous 2 wk were excluded
from study. But patients who used probiotics and
antioxidant vitamins such as vitamins C and E were
not excluded. It has been thought that vitamins C and

E break the microenvironment created by H. pylori
or directly inhibit bacteria. Vitamin C can inactivate
the urease enzyme, which allows the endurance of
H. pylori and the colonization of the gastric mucosa
at a low pH. Thus, vitamin C may inhibit the spread,
growth, and colonization of H. pylori in the early
[4]
periods of infection . Probiotics reduce the adverse
effects of H. pylori eradication treatment, this could
help increasing the adherence of patients to treatment
and could increase the eradication rate. Probiotics
may also inhibit the growth of H. pylori, stimulate an
immunological response and reduce the inflammatory
[5]
effects of infection . It is clearly seen that this factors
can change the results of the study.
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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

Pradyumna K Mishra, Mumbai
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

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
Zoltan Rakonczay, Szeged
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
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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

IV

Jacob Yahav, Rehovot
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
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Massimo Falconi, Ancona
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
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
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EDITORIAL

Crohn's disease presenting as acute gastrointestinal
hemorrhage
Amareshwar Podugu, Kanwarpreet Tandon, Fernando J Castro
poses significant diagnostic and therapeutic challenges.
Given the relative infrequency of severe bleeding in CD,
available medical literature on this topic is mostly in the
form of retrospective case series and reports. In this
article we review the risk factors, diagnostic modalities
and treatment options for the management of CD
presenting as GI hemorrhage.
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Core tip: Severe gastrointestinal (GI) hemorrhage
is a rare complication of Crohn’s disease (CD). With
the relative infrequency of severe bleeding in CD,
available medical literature on this topic is mostly in
the form of retrospective case series and reports. In
this article we reviewed the available medical literature
and summarized the risk factors, diagnostic modalities
and treatment options for the management of CD
presenting as GI hemorrhage.
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INTRODUCTION
Although Crohn’s disease (CD) is often associated
with mild gastrointestinal (GI) bleeding, severe GI
hemorrhage is a rare complication. The first case of
hemorrhage due to regional enteritis was described
[1]
in 1941 . Since then, multiple case reports and case
series of severe bleeding in CD have been published

Abstract
Severe gastrointestinal (GI) hemorrhage is a rare
complication of Crohn’s disease (CD). Although several
surgical and non-surgical approaches have been
described over the last 2 decades this complication still
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[2-7]

[4,5]

with reported incidence ranging from 0.6%-4%
This presentation poses significant diagnostic and
therapeutic challenges for the following reasons:
(1) difficulty accurately identifying the origin of the
bleed primarily due to presence of multiple areas of
inflammation; (2) presence of other complications such
as stricturizing CD that can compromise endoscopic
[3]
evaluation; and (3) increased risk of recurrent bleed .
Limitations on available clinical data has made it
difficult to formulate a consensus on the definitive
diagnostic and treatment modalities for this condition.
We will review the current working definition of GI
hemorrhage in CD, its pathogenesis, epidemiologic
factors, diagnostic and therapeutic options.

reported incidences from 1.3%-1.6% . Some studies
[2,5]
describe a similar incidence in males and females
whereas others have found a higher incidence in
[3,4,7]
males
. The average age of presentation has been
[2-5,7]
around 30 years ranging from 27-45 years
. Since
the peak age for the diagnosis of CD is in the 20’s, it
is possible that patients present with severe bleeding
after having the disease for some years.
A study to evaluate risk factors for acute hemorrhage
in CD showed that patients on corticosteroids had a
higher rate of bleeding when compared to a control
group of CD patients with no bleeding but this was
[3]
not confirmed on multivariate analysis . The same
study showed that Azathioprine/6-Mercaptopurine
(6-MP) could actually have a role in preventing severe
hemorrhage in CD OR = 0.53 (95%CI: 0.30-0.91).

DEFINITION OF GI HEMORRHAGE IN
PATIENTS WITH CD

DIAGNOSIS

The definition of GI hemorrhage in CD has changed
[8]
over the years. Homan et al in 1976 defined it as
profuse rectal bleeding that required blood transfusions
to maintain normal vital signs. Since then the definition
has varied ranging from rectal bleeding requiring more
[5]
than 4 units of blood over a period of 2 wk to 2-5
[2,7]
units in 24 h . In a recent case series the definition
was again modified to a drop in hemoglobin (Hb) of 2
g/dL below the baseline +/- hemodynamic instability
[3,4]
or an abrupt fall in Hb to less than 9 .

Available diagnostic modalities include: upper and lower
endoscopy, radionuclide bleeding scan, mesenteric angio
graphy, computed tomography (CT) enterography and
capsule endoscopy. The following sections describe the
utility of these tests.

Endoscopy

Only 2 case series studies have utilized upper endoscopy
[3,4]
[3]
(EGD) for diagnosis . Kim et al analyzed 30 patients
who underwent an EGD with no diagnostic yield. In
the second study, EGD was performed in patients
with suspected upper GI bleed or with a negative
colonoscopy, and the source of bleeding was identified
in 2 patients but there was no mention of the total
number of patients undergoing EGD.
There are 3 large case series that have utilized
colonoscopy for diagnosis producing variable results
as demonstrated in Table 1. Pardi was the first to
evaluate the role of colonoscopy in the diagnosis
and treatment of hemorrhagic CD. Patients included
in this study underwent colonoscopy within 24 h of
presentation and the source of bleeding was identified
in 78%. Only 3 patients were treated endoscopically
[4]
with no subsequent recurrence of bleeding . Belaiche
[2]
et al found the yield of colonoscopy in identifying the
bleeding site at 60% (18/30). Ulcers located in left
and sigmoid colon were recognized as the cause of
bleeding in 95% cases while one patient bled from a
pseudopolyp. In contrast to the previous two studies,
the diagnostic yield for colonoscopy was only 10.6%
in a Korean case series. Some of the factors that
may have led to a lower yield of colonoscopy in this
study include a delay in colonoscopy examination,
[3]
as its timing was not specified , and location of
the bleeding site as in most cases in this study the
bleeding site originated from the small bowel. As
demonstrated in these case series, colonoscopy was
not only useful in determining the site of bleeding but
also could be used therapeutically.

Source and location of bleed

In most patients a definitive bleeding site, defined as
a lesion that is either actively bleeding or possesses an
adherent clot, is not identified and the bleeding source
[4]
is attributed to diffuse areas of active inflammation .
When found, the source of bleeding is more commonly
[9]
described as a deep ulcer eroding into a blood vessel .
On rare occasions, a large pseudopolyp in the ileum or
[2,10]
colon has been identified as the source of bleeding
.
The majority of bleeds originate from the ileum
and colon as visualized on pathology after surgery,
endoscopy or imaging studies. Only a small number of
episodes have been attributed to a jejunal or upper GI
source. Isolated colonic bleeding accounts for 3%-50%
of hemorrhagic CD, diffuse ileo-colonic lesions for
22.7%-68.5%, and 19%-66% originate from the small
[2-5,7]
bowel
. Although it may seem logical to assume
that the presence of significant disease activity and
symptomatic CD would result in a higher incidence
of acute lower GI bleeding, two series have shown
65%-78% of patients had quiescent CD at the time of
[2,3]
bleeding .

Epidemiology

The incidence of severe lower GI bleeding in CD has
[7]
ranged from 0.6%-4%. Cirocco et al reported an
incidence of 0.6% in their 631 patients diagnosed
[3]
with CD while Kim et al reported an incidence of
4% in their study of 1731 patients. Other large series
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Table 1 Identification of the bleeding site in case series n (%)
Study type

n

Identification
of origin of
bleeding

Location

Colonoscopy

Mesenteric
angiography

Retrospective
review
Retrospective
review
(1989-1996)

70

22 (31.4)

5/47 (10.6)

5/19 (26.3)

31

31 (100.0)

Small bowel 19
Large bowel 3
NA

25/31 (78.0)

1/3 (33.0)

34

22 (65.0)

18/30 (60.0)

3/4 (75.0)

21

2 (10.0)

NA

2/5 (40.0)

Ref.

Kim et al[3] (2012)
Pardi et al[4] (1999)

Belaiche et al[2] (1999)

Robert et al[5] (1991)

Retrospective
review
(1960-1986)

Colon (85%)
Isolate small
bowel (15%)
NA

Radionuclide
CT
bleeding scan enterography
8/27 (29.6)

EGD

9/46 (19.6)

0/30 (0)

NA

2

0/2

NA

NA

NA

NA

NA

3/4 (75.0)

CT: Computed tomography; EGD: Esophagogastroduodenoscopy.

Radionuclide bleeding scan and mesenteric angiography

TREATMENT

There is very limited literature demonstrating the
utility of angiography and radionuclide scan with
variable results, success ranging from 26% to 75%
[2-4]
for angiography and 0% to 75%
for radionuclide
bleeding scan (Table 1). These modalities do not
ascertain if the site of bleeding is resulting from CD
but in some instances a presumptive diagnosis can
be established based on angiographic signs that have
been associated with CD. These signs include the
presence of mesenteric neovascularity, an increased
contrast staining of bowel loops, early and prominent
[11-13]
venous return, skip lesions, and the “zoning” sign
.
The zoning sign refers to a double-layer appearance
of the bowel wall with a densely staining inner wall
representing a hypervascular submucosa and mucosa
and a thick but relatively avascular outer muscle layer.

In an early case series, 3/21 (14.3%) patients
presenting with GI hemorrhage due to CD died
[5]
from bleeding or associated complications . Later
case series have demonstrated decreased mortality
in patients with severe hemorrhage from CD with
[2]
[4]
either no mortality in 34 patients or 1/32 (3.1%) .
Initial management should always include primary
resuscitation with IV fluids and blood transfusion as in
any patient with a significant GI bleed. If the patient
continues to be hemodynamically unstable the surgical
team should be involved early in the course while
continuing resuscitation. Treatment consists of medical
management, minimally invasive interventions and
surgical management.

Medical management

Treatment of CD has evolved over the years. In
the early 1990’s the most common strategy for the
management of CD with hemorrhage was surgery.
However beginning in the late 1990’s there has
been a paradigm shift in the management with a
tendency to avoid surgery and instead utilize medical
[2,4]
management . Besides blood transfusions, medical
management consists of medications used to treat
CD including corticosteroids, mesalamine, antibiotics
[2,4,17]
[18]
and continuation of 6-MP
. Belaiche et al
successfully achieved hemostasis with the use of
infliximab in non-surgical candidates presenting with
GI hemorrhage and attributed this success to the high
rates of mucosal healing with this medication. Since
then, additional case reports and case series have
reported the effectiveness of infliximab in cessation of
[19,20]
[21]
GI hemorrhage
. Aniwan et al recently published
a case series in which bleeding was controlled within
24 h in 6/7 patients who received infliximab. No
rebleeding episodes were reported after 30 d of follow
up and surgery was avoided in all patients. The potential
advantage of infliximab in the treatment of patients

CT enterography

CT enterography of the small bowel was introduced
in 1997 and was found helpful in assessing the extent
[14]
and severity of CD . The underlying principle was
the combination of neutral (low-density) oral contrast
with ‘‘enteric phase’’ CT to enhance contrast resolution
between mucosa and lumen to better characterize
small bowel abnormalities. CT enterography has
[14]
been utilized in detecting obscure GI bleed . Its
utility to detect hemorrhage in patients with CD was
demonstrated only in one series where CT enterography
[3]
diagnosed the site of bleeding in 9/46 (19.6%) .

Capsule endoscopy

The role of capsule endoscopy has not been studied in
patients with hemorrhagic CD likely due to concern of
capsule retention secondary to strictures or previous
[15]
surgeries . The role of capsule endoscopy has been
limited to diagnosing obscure GI bleeds in patients
with CD. In these cases capsule endoscopy has been
found to be superior to push enteroscopy and small
[16]
bowel radiography .
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with unclear site of bleeding was described. There are
at least 11 additional reports of patients presenting
with CD related GIB treated with infliximab with
[18,21-25]
successful control of bleeding in all the cases
.
Patients selected for treatment with infliximab in
these case reports included poor surgical candidates
and those who developed recurrent bleeding after
undergoing surgery.
There is only one comparative study evaluating
medical therapy for CD presenting with severe
bleeding in the era of biologics consisting of 70
[3]
cases . All patients were initially managed with 5-ASA,
azathioprine/ 6-MP or corticosteroids. Eleven patients
required additional intervention including embolization,
endoscopic management, surgery or infliximab (5
patients) to treat the index bleeding. A total of eleven
patients underwent treatment with infliximab (5
first bleeding and 6 rebleeding) and only 1 patient
had further bleeding episodes requiring surgery. The
benefits of infliximab therapy did not reach statistical
significance when compared to patients undergoing
other treatments because of the small sample size.
The study suggests that medical treatment can have
better outcomes than what has been previously
reported and surgery could be reserved for patients
who fail initial medical treatment or exhibit recurrent
bleeding.
There was one case report utilizing recombinant
factor VIIa in the management of GI hemorrhage
secondary to CD. Recombinant factor VIIa improves
hemostasis and has been shown to be effective in
treating hemorrhage in patients with hemophilia A
or B. The standard dose for these conditions is 90 to
[26]
110 mg/kg every 2 to 3 h for two to three doses . In
this case report they used 2 doses of 120 mg/kg three
hours apart with cessation of bleeding over the next
12 h.

isolated case reports on the use of arterial vasopressin
therapy to control bleeding in cases with diffuse lesions
or when superselective catheterization is not technically
[30]
possible . In these, vasopressin infusion either
successfully controlled or reduced the rate of bleeding
[29-31]
to stabilize patients before surgery
. However,
vasopressin infusion can result in complications including
hypertension, vasoconstriction, cardiac arrhythmia
[32]
and bowel ischemia . In summary, superselective
angiographic embolization has become the standard
in treating angiogram positive GI bleeding. In cases
where embolization is difficult to perform either
because of diffuse pathology or absence of adequate
[29]
collateralization, vasopressin infusion is an alternative .

SURGICAL MANAGEMENT
[22]

Papi et al
summarized 5 series published from
[2,4-7]
1991-2001
. Of the 101 patients included in this
study 37 (36.6%) underwent surgery during the first
episode of bleeding and 64 (63.4%) underwent nonoperative management. Although the mortality in
the medical group was not reported, the mortality
in the surgical group was 6.9%. Recurrence of
bleeding was noted to be higher in patients who did
[22]
not undergo surgery (38.5% vs 5.7%) . The major
challenges they reported with surgery were accurate
identification of the bleeding site and the risk of short
[33-35]
gut syndrome
.

REBLEEDING
The recurrence rates of severe bleeding have been
[2-5]
reported from 19%-41%
underscoring the high
recurrence rate of this complication. An early case
series published in 1991 followed 21 patients after
GI hemorrhage from Crohn’s and found a rate of
rebleeding of 4/21 (19%). The rate of rebleeding after
medical therapy was 3/10 (30%) compared with 1/11
[5]
(9%) in those that received surgical treatment . In
another series of 25 patients with a median follow up
of 2 years there was a recurrence of bleeding in 35%
of patients who were managed with non-operative
measures as opposed to no recurrence in surgically
[2]
managed patients .
[3]
Kim et al reported a total of 64 rebleeding
episodes. The rates of rebleeding were 51% in patients
treated medically, 50% in those treated endoscopically
and 57% in those after embolization. There is
limited but promising evidence to support the role
of infliximab in prevention of rebleeding. Cumulative
probability of rebleeding for 11 patients on infliximab
[3]
was 9.1% after 1-5 years but the study does not
provide information about characteristics of these
patients on biologics such as how were these patients
selected for infliximab therapy. Based on the available
evidence it is prudent to say that the recurrence of
bleeding is high and after the management of the
initial episode of GI hemorrhage, patients should be

MINIMALLY INVASIVE INTERVENTIONS
Minimally invasive management consists of endoscopic
treatment or embolization. Endoscopy may not be
feasible in patients with strictures but when possible
thermocoagulation alone or combination of epinephrine
injection and bipolar coagulation have been described.
Application of hemoclips may be compromised in
[15,27]
the presence of inflamed and friable mucosa
.
Endoscopic treatment of bleeding lesions was successful
in 5/7 cases in one series and 3 (2 upper EGD and 1
colonoscopy) patients in another report underwent
[2,4]
therapeutic endoscopy with no recurrent bleeding .
Superselective embolization can present with
complications such as intestinal infarction but recent
advances in interventional radiology (microcatheters,
embolic agents and microcoils) have reduced the rate
[28]
of complications . Success rate with this treatment
modality ranges from 81% to 93%, with a mortality
[29]
rate between 0% and 7% .
In addition to superselective embolization, there are
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subsequently started on immunomodulator therapy or
anti-TNF therapy.

10

CONCLUSION

11

CD with acute hemorrhage is a challenging medical
condition with evidence for management limited to
case reports and few case series. The site of bleeding
commonly follows the distribution of disease and
is best localized with angiography or endoscopy.
Endoscopic or angiographic therapy may be attempted
when a source of bleeding is identified. Surgery should
be recommended in patients with massive bleeding
not stabilized by multiple transfusion (> 4 PRBC/24 h),
those who fail medical management or with recurrent
massive hemorrhage. Use of infliximab for control of
acute hemorrhage is encouraging as limited evidence
has demonstrated resolution of bleeding in most
patients but additional studies are required to better
assess its role.
Recurrent hemorrhage is not unusual and occurs
more commonly in non-surgically treated patients.
After control of the index bleed, patients should be
placed on anti-TNF or immuno-modulator therapy to
prevent recurrence.

12
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TOPIC HIGHLIGHT
2016 Nonalcoholic Fatty Liver Disease: Global view

Nonalcoholic fatty liver disease as a multi-systemic disease
Hakan Fotbolcu, Elçin Zorlu
steatosis to nonalcoholic steatohepatitis and advanced
hepatic fibrosis. NAFLD has been recognized as a
hepatic manifestation of metabolic syndrome linked
with insulin resistance. NAFLD should be considered not
only a liver specific disease but also an early mediator
of systemic diseases. Therefore, NAFLD is usually
associated with cardiovascular disease, chronic kidney
disease, type 2 diabetes, obesity, and dyslipidemia.
NAFLD is highly prevalent in the general population and
is associated with increased cardiovascular morbidity
and mortality. The underlying mechanisms and
pathogenesis of NAFLD with regard to other medical
disorders are not yet fully understood. This review
focuses on pathogenesis of NAFLD and its relation with
other systemic diseases.

Hakan Fotbolcu, Department of Cardiology, Pendik BölgeHastanesi,
Istanbul 34000, Turkey
Elçin Zorlu, Istanbul University, Forensic Science Institute,
Istanbul 34000, Turkey
Author contributions: Fotbolcu H performed research and
wrote the paper; Zorlu E critically revised the manuscript for
important intellectual content.
Conflict-of-interest statement: No conflict of interest.
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: Nonalcoholic fatty liver disease; Obesity;
Insulin resistance; Cardiovascular effect; Multi-systemic
disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Correspondence to: Hakan Fotbolcu, MD, Department of
Cardiology, Pendik BölgeHastanesi, Emek Caddesi, No. 281,
Narcity Konutları, A 2b Blok, Kat 9 D 56, Maltepe, Istanbul
34000, Turkey. hakan_fotbolcu@yahoo.com
Telephone: +90-505-6882125
Fax: +90-216-3752212

Core tip: Nonalcoholic fatty liver disease (NAFLD) is the
most common cause of chronic liver disease. NAFLD has
been recognized as a hepatic manifestation of metabolic
syndrome linked with insulin resistance. NAFLD should
be considered not only a liver specific disease but also
an early mediator of systemic diseases. Therefore,
NAFLD is usually associated with cardiovascular disease,
chronic kidney disease, type 2 diabetes, obesity, and
dyslipidemia. This review focuses on the pathogenesis
of NAFLD and its relation with other systemic diseases.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease. NAFLD includes
a wide spectrum of liver conditions ranging from simple
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liver plus lobular inflammation; type 3 with fatty liver
plus ballooning degeneration; and type 4 with fat
accumulation, ballooning degeneration, and either
Mallory-Denk bodies or fibrosis. They revealed that
cirrhosis developed in 21%-28% of patients whose
liver biopsies displayed NAFLD type 3 or 4, whereas
only 4% of patients with NAFLD type 1 and none of
those with type 2 developed cirrhosis after a mean
follow-up of 10 years. There was a trend for increased
liver-related mortality in patients with subtypes 3 and
4 compared with subtypes 1 and 2. Today, subtypes 3
[17]
and 4 are considered as NASH .
Hepatic lipid content is regulated by balancing
hepatic lipid uptake, synthesis, oxidation, and export.
Most of the triglycerides are re-esterified fatty acids
that come from adipose tissue lipolysis into the liver.
Adipose tissue IR is present in the majority of patients
[18]
with NAFLD, whether they are obese or not , and
adipose tissue lipolysis provides approximately
60% of the fatty acids used for hepatic triglyceride
synthesis. The rest of the hepatic fatty acids come
from de novo lipogenesis within the liver (25%) and
[19]
dietary intake (15%) . Excess hepatic fat results
in increased very low-density lipoprotein (VLDL)
secretion and some of the serum lipid abnormalities
noted in metabolic syndrome and NAFLD, including
hypertriglyceridemia, decreased high-density lipo
protein (HDL), and higher low-density lipoprotein
[20]
(LDL) . However, the increased export of triglycerides
as VLDL is unable to compensate for the increase in
intra-hepatic triglycerides. The high serum glucose
and insulin associated with IR further impair liver lipid
metabolism by increasing the activity of carbohydrate
response element-binding protein (ChREBP) and sterol
regulatory-element binding protein 1c (SREBP-1c),
[21]
the master regulator of hepatic de novo lipogenesis .
Net lipid accumulation, specifically buildup of the
triglyceride precursor diacylglycerol, leads to activation
of a serine kinase cascade. This, in turn, inhibits insulin
[22,23]
signaling, leading to IR in the liver
.
IR has a strong association with both hepatic
[18]
[24]
steatosis and NASH . In 1998, Day et al
presented
a “two hit” hypothesis to describe the pathogenesis of
NAFLD whereby IR contributes to steatosis (first hit),
which sensitizes the liver to oxidative stress (second hit)
[24,25]
resulting in inflammation, fibrosis, and necrosis
.
Additional theories, such as the multiple-hit hypothesis,
suggest other factors, including adipokines and mito
[26]
chondrial dysfunction, may also contribute to NAFLD .
At present, the precise factors leading to inflammation
remain unclear, with various metabolites, cytokines,
inflammatory cells, and dysregulated processes, such
as oxidative stress and autophagy, having been impli
[27]
cated . Elevated fatty acid β-oxidation as a result of
increased lipolysis of adipose tissue in NAFLD patients
increases reactive oxygen species and activates
[28]
oxidative stress . The hepatic lipid accumulation
and intracellular stresses activate the transcription
and release of pro-inflammatory factors, such as

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) represents a
spectrum of diseases from simple steatosis, nonalcoholic
[1]
steatohepatitis, to liver cirrhosis . The overall pre
valence of NAFLD varies between 20% and 50% in
Western countries, and it is accepted as the most
[2,3]
common type of chronic liver disease . Fatty liver
and NAFLD occur in all age groups, and its prevalence
increases with increases in body weight. Fatty liver is
found in 10%-15% of normal weight individuals and
[4]
70% of obese subjects . The distribution of excess
fat is important, as increased visceral fat increases the
risk of hepatic steatosis both in lean and overweight
[5]
individuals .
NAFLD is closely related to obesity, type 2 diabetes
mellitus, and dyslipidemia, with a prevalence ranging
[6-8]
from 50% to 90% in these patient subgroups . Most
patients have “simple steatosis” or non-alcoholic fatty
liver (NAFL) without inflammation, tissue damage,
or fibrosis. However, in a subgroup of patients,
nonalcoholic steatohepatitis (NASH), fibrosis, and/or
cirrhosis may develop. Progression is more likely in
the setting of diabetes, insulin resistance (IR), and
[4]
other preexisting conditions . The fibrosis stage is
the strongest predictor for disease-specific mortality
[9]
in NAFLD . Biopsy is the gold standard technique for
the detection of liver fibrosis, but it may have some
disadvantages, such as insufficient sampling, high
cost, processing site pain, and intraobserver and
[10,11]
interobserver variability
. It should be reserved for
patients with ultrasound-proven fatty liver who have
risk factors for NASH or elevated liver enzymes without
[12]
definitive diagnosis . Consequently, patients with
NAFLD who are diagnosed with advanced fibrosis or
cirrhosis should be included in surveillance programs
that utilize ultrasonography and endoscopy. In addition,
recent data have shown that advanced fibrosis in
NAFLD predicted not only liver-related mortality
but also increased mortality due to cardiovascular
[9,13]
events
. Furthermore, NASH was associated with
[14]
more metabolic abnormalities compared with NAFL ,
and the increasing severity of NASH was shown to
[15]
affect adversely renal function . There is some debate
about whether NAFL without inflammation is associated
with kidney related events. This review focuses on
the pathogenesis of NAFLD and its relation with other
systemic diseases.

DEFINITION AND PATHOGENESIS
The hallmark histologic feature of NAFLD is the
accumulation of fat in the form of triglycerides in
hepatocytes without signs of secondary hepatic fat
accumulation due to alcohol consumption, steatogenic
[16]
medication, or hereditary disorders . In 1999,
[5]
Matteoni et al presented the first diagnostic criteria
to categorize NAFLD into four different subtypes:
NAFLD type 1 with fatty liver alone; type 2 with fatty
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lipopolysaccharides, which bind to Toll-like receptor
4 and activate the production of proinflammatory
[37]
cytokines, subsequently resulting in inflammation .
These events may contribute to the pathogenesis
[38,39]
of obesity and NAFLD
. Furthermore, probiotics
may modulate gut microbiota, reduce inflammation,
increase epithelial barrier function, and increase
[36]
antibacterial substance production . Current data with
probiotic treatment should be considered with caution
since related studies were conducted with small group
sizes without dietary control. The use of probiotics for
[40]
NAFLD is not recommended at this moment . The
standard treatment of patients with NAFLD has been
accepted as weight loss through diet and exercise.

interleukin (IL)-6, tumor necrosis factor-alpha (TNF-α),
[29,30]
and C-reactive protein
. A sedentary lifestyle in
conjunction with excessive energy intake promotes
obesity and dysfunction of white adipose tissue.
White adipose tissue secretes more TNF-α and IL-6
[30]
and reduces the secretion of adiponectin . Elevated
circulating levels of pro-inflammatory cytokines and
reduced levels of anti-inflammatory factors cause a
chronic low-grade inflammatory state that is recognized
as an important pathogenic mechanism of NAFLD.
Among clinical associations, diabetes and metabolic
syndrome, advanced age, Hispanic ethnicity, female
sex, and obesity are all related to more aggressive liver
histology but without a clear distinction of cause and
[31]
effect .
On genetic basis, a lot of single nucleotide poly
morphism (SNP) have been identified by genome[32]
[33]
wide association studies (GWAS) . Romeo et al ,
was the first to report that the rs738409 C>G SNP
in the Patatin-like phospholipase domain-containing
3 (PNPLA3) gene, which encodes an isoleucine to
methionine variant at protein position 148 (I148M),
was strongly associated with increased liver fat content.
Since then, several other pieces of evidence have
highlighted the role of PNPLA3 in the development and
progression of NAFLD. Furthermore, transmembrane
6 superfamily member 2 (TM6SF2) E167K variant is
currently emerging as another relevant contributor
both for NAFLD pathogenesis and cardiovascular
[34]
outcomes. Recently, Goffredo et al
revealed that
rs58542926 SNP in the TM6SF2 gene was associated
with pediatric NAFLD but may confer protection against
cardiovascular risk. As of today, the PNPLA3 gene
variant is the most validated susceptibility factor for
steatosis, NASH, fibrosis, and hepatocellular carcinoma
(HCC), despite a number of other genetic variants
contributing to liver damage.
The gastrointestinal tract contains the largest
number of bacteria in the human body and serves a
variety of physiologic functions, including an active
role in glucose and lipid metabolism. The commensal
organisms that populate the human gut are dominated
by four main phyla: Firmicutes, Bacteroidetes,
Actinobacteria, and Proteobacteria. Since the liver
and intestine are connected anatomically and via the
hepatic portal system, the gut microbiota and their
[35]
metabolic products may influence hepatic pathology .
The liver is exposed to metabolites originating from
intestinal bacteria (such as ethanol and other volatile
[36]
organic compounds) or the bacteria themselves . The
liver acts as a barrier between the gut and the systemic
circulation by removing toxins. When Kupffer cells,
the specialized macrophages in the hepatic sinusoids,
are impaired, or when the gut mucosal barrier is
damaged by inflammation or portal hypertension
(HTN), a metabolic endotoxinemia may be developed.
The high endotoxin level activates Kupffer cells and
hepatic stellate cells. Bacteria can also produce
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CARDIOVASCULAR DISEASES AND
NAFLD
One of the most important mortality and morbidity
reasons of NAFLD are cardiovascular events. Multiple
pathogenetic conditions contribute to the development
of cardiovascular diseases (CVD). Firstly, high levels
of LDL have been identified as the most important
culprit. The molecular mechanism responsible for the
high levels of LDL, oxidized LDL, and their receptors
have been clarified, and strategies against high
LDL levels have been established using effective
cholesterol-lowering drugs, such as statins. Impaired
glucose tolerance, HTN, and lipid disorders, including
hypertriglyceridemia and low levels of HDL, were
recognized as weaker risk factors for CVD compared
with high level of LDL. However, the coexistence of
multiple risk factors apart from LDL is considered as
important as hypercholesterolemia. Such disorders
are commonly found in obesity and NAFLD but not
in all NAFLD patients. The distribution of excess fat
is important in NAFLD patients, as increased visceral
fat increases the risk of hepatic steatosis both in lean
[5]
and overweight individuals . Visceral fat accumulation
contributes to the development and/or worsening of
various disorders, such as glucose intolerance, hyperli
[41]
[42]
[43]
pidemia , HTN , cardiac dysfunction , and sleep
[44]
apnea syndrome . Even in mildly obese individuals,
visceral adiposity is related to a cluster of risk factors
[45]
and coronary artery disease (CAD) . Recent results
from the Framingham Heart study revealed that
there was a significant association between NAFLD
and subclinical CVD outcomes, independently of
[46]
many metabolic diseases . Nevertheless, it is not
clear if this increased CVD risk is conferred by the
presence of several CVD risk factors associated to the
metabolic syndrome, which are common in patients
with NAFLD, or if NAFLD might be itself a mediator of
atherosclerosis.
One of the earliest manifestations of atherosclerosis
is the presence of endothelial dysfunction, occurring
even in the absence of angiographic evidence of
disease. Brachial artery flow-mediated dilation (FMD)
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is the most often noninvasive test used for assessing
endothelial function as the result of endothelial release
[47]
of nitric oxide . An impaired FMD was found in a
wide variety of CV and metabolic diseases associated
to chronic low-grade inflammation, oxidative stress,
[48,49]
and metabolic abnormalities
. Moreover, FMD
[50]
predicted future CV events in patients with
and
[51]
in those without CVDs . Recently, some studies
revealed that NAFLD might affect endothelial function
independently from other CVD risk factors, thus
suggesting that CVD risk of patients with NAFLD could
not be explained entirely by conventional CVD risk
[52,53]
factors
. Increased carotid intima-media thickness
(CIMT) is a marker of early generalized atherosclerosis
and is associated with increased risk of myocardial
infarction, cerebrovascular accident, and peripheral
[54]
vascular disease . An increasing number of studies,
predominantly involving Western population, indicates
that the presence of NAFLD is associated with higher
[55,56]
CIMT, indicating increased cardiovascular risk
.
[57]
Thakur et al showed that thicker CIMT and a higher
prevalence of atherosclerotic plaques and endothelial
dysfunction were observed in patients with NAFLD
as compared to those without NAFLD in the Indian
population. The presence of NAFLD was independently
associated with higher CIMT and impaired FMD, even
after taking into account adiposity, blood pressure,
lipid levels, and the presence of metabolic syndrome.
Expansion of dysfunctional visceral adipose tissue
along with infiltration of mononuclear cells (MNCs)
lead to initiation and propagation of inflammatory
pathways contributing to IR. Increased expression
of inflammatory mediators like inhibitor of kappa
light polypeptide gene enhancer in B cells-kinase
beta, protein-kinase C-beta 2, suppressor of cytokine
signalling-3, and nuclear factor kappa B has been
[58]
indicated in MNCs from obese subjects . These
inflammatory mediators disturb insulin signaling by
inhibiting the phosphorylation of insulin receptor (INSR)
[58]
beta subunit and reducing INSR activity . Increased
hydrolysis of adipose tissue triglycerides and flux of
free fatty acids to liver result in hepatic steatosis. This
coupled with chronic low grade inflammation may
progress to steatohepatitis. However, injured liver itself
may contribute to systemic inflammation as indicated
[59]
by increased transcription of proinflammatory genes .
Increased production of proinflammatory cytokines by
the liver may not only contribute to the progression
of liver injury but also induce the proatherogenic
effect. Elevated levels of CRP have been observed in
patients with NAFLD as compared to controls, with
the levels being higher in those with steatohepatitis
[56]
than in those with simple steatosis . Additionally,
chronic inflammatory state in patients with NAFLD is
associated with increased expression of biomarkers
of endothelial dysfunction. Elevated levels of sICAM-1
have been consistently associated with endothelial
[60]
dysfunction . In a recent study, patients with NAFLD
were observed to have elevated levels of sICAM-1,

WJG|www.wjgnet.com

plasminogen activator inhibitor-1, and soluble CD40
[61]
ligand as compared to controls . Uric acid was
regulated by a decrease in CPS 1 (a ligase enzyme
located in the mitochondria), and it was shown to erect
pro-inflammatory and pro-oxidant effects both on
[62,63]
adipose tissue and vascular smooth muscles
. Uric
acid may also contribute to IR by inducing local adipose
tissue inflammation, which may cause a reduction in
[64]
the production of adiponectin . Another link may be
[65]
adiponectin between NAFLD and atherosclerosis .
Adiponectin is an adipocyte-specific protein that is
abundantly present in the plasma. Since its discovery,
numerous experimental and clinical studies have
demonstrated that adiponectin has anti-atherogenic,
anti-diabetic, and anti-inflammatory properties. Some
studies demonstrated the presence of lower adiponectin
levels in patients with NASH diagnosed by liver biopsy
compared with body mass index-matched controls,
or subjects with simple fatty liver, and that in patients
with NASH, hypoadiponectinemia correlated with
necroinflammatory changes of the liver independent of
[66,67]
IR
. Furthermore, it is well known that adiponectin
suppressed (1) tumor necrosis factor alpha-induced
expression of adhesion molecules in vascular endothelial
[68]
cells by inhibiting the nuclear translocation of NF-κB ;
(2) growth factor-induced proliferation of smooth
muscle cells by inhibiting mitogen activated protein
[69]
kinase pathways ; and (3) foam cell transformation
of macrophages by suppression of class A scavenger
[70]
receptor expression . These data suggested that
adiponectin provided protection against the development
of atherosclerosis. Some clinical studies supported that
theory. One of them showed significantly lower plasma
concentrations of adiponectin in patients with acute
myocardial infarction and unstable angina pectoris
compared to those in patients with stable angina
[71]
pectoris and control subjects . Among patients with
CAD, plasma adiponectin levels are lower in subjects
with complex coronary lesions associated with plaque
[72]
vulnerability .
Some studies revealed an association between
[73,74]
NAFLD and arterial stiffness
. Arterial stiffness
has been shown to be an independent indicator of
symptomatic CVD and events as well as a measure of
[75,76]
vascular health
. Arterial stiffness was assessed by
carotid-femoral pulse wave velocity (PWV), brachialankle pulse wave velocity, or arterial stiffness index.
Carotide-femoral PWV has been considered the noninvasive gold standard measure of arterial stiffness. Two
studies reported the association of NAFLD with carotidfemoral PWV. In both studies, NAFLD independently
[77,78]
increased the carotide-femoral PWV
. Similarly, in
a study of non-hypertensive, non-diabetic individuals
[79]
without metabolic syndrome, Kim et al reported that
NAFLD independently predicted increased brachialankle PWV. The mechanism underlying the relationship
between NAFLD and arterial stiffness is not completely
understood. Studies have shown that insulin-resistant
states are associated with decreased endothelium-
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[94]

dependent vasodilation and arterial compliance may
[80]
be a partially nitric oxide-dependent process . In
addition, insulin has been shown to induce vascular
smooth muscle proliferation and migration in cell
[81]
culture . Of interest, recent evidence indicates that
TGF-β changes in adventitial collagen may play a role
[82]
in arterial stiffening . Furthermore, pro-fibrogenic
markers, such as endothelin 1 and insulin like growth
[83]
factor-1, can lead to arterial stiffening .
Studies in patients with metabolic syndrome (MetS)
have consistently shown increased left ventricular
(LV) mass index and diastolic function impairment
when compared with controls, which are in the main
secondary to the effects of IR, obesity, and HTN on
[84,85]
cardiac structure and function
. Some studies have
focused specifically on NAFLD subjects, and the finding
of abnormal LV geometry and diastolic dysfunction
[86,87]
has been similarly reported
. Additionally, Kim
[88]
et al
found that NAFLD was associated with LV
diastolic dysfunction independently of traditional
risk factors. Multiple mechanisms may contribute
to LV dysfunction in NAFLD, including lipotoxicity
associated with cardiac steatosis and lipoapoptosis,
alterations in fatty acid metabolism, overproduction
of cardio-inhibitory cytokines, upregulation of some
neurohormones (especially angiotensin Ⅱ), myocardial
fibrosis and chronic overload with LV dilatation and
[89-91]
hypertrophy, and increased oxygen consumption
.
IR may represent a link between NAFLD and LV
dysfunction. Elevated insulin levels in patients with
IR stimulate myocyte growth and interstitial fibrosis.
Insulin also causes sodium retention and activates the
sympathetic nervous system, which can affect cardiac
[90,91]
performance
. Moreover, alterations in myocardial
metabolism, including progressive increases in fatty
[89]
acid turnover, may impair LV contractility . Finally,
chronic sodium retention increases blood pressure
levels, which in turn cause myocardial tissue damage,
myocardial fibrosis, and impairment of the LV
[92]
function in response to LV pressure overload . The
other possible explanation is that increased aortic
stiffness may also increase afterload, which induces
myocardial structural changes of the left ventricle and
[73]
impairs LV diastolic function . Recently, Nakamori
[93]
et al
revealed that patients with fatty liver showed
decreased myocardial perfusion reserve (MPR) com
pared to patients without fatty liver. Altered MPR
may indicate an early alteration in myocardial tissue
and vascular properties in patients with fatty liver.
The presence and severity of fatty liver on computed
tomography (CT) were closely associated with reduced
MPR, independent of classical risk factors. Based on
this study, it may be speculated that patients with
NAFLD might be prone to subendocardial ischemia in
cases of hemodynamic compromise.
Another issue that needs to be discussed is the
increase in prothrombotic activity in patients with
NAFLD. Platelets producing vasoactive and prothrom
botic factors like IL-1β and CD40L play an important
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role in atherothrombosis . Mean platelet volume
(MPV), a simple and inexpensive test, is commonly
used to measure platelet size and is also a marker
[94]
of platelet activity . MPV has been associated
[95]
[96]
with CVD risk factors like diabetes , HTN ,
[97]
and dyslipidemia . MPV is also associated with
[98]
acute myocardial infarction , arterial and venous
[99]
[100]
thrombosis , and ischemic strokes
. Recently,
[101]
Madan et al
published a meta-analysis suggesting
that MPV is significantly higher in patients with NAFLD,
indicating the presence of increased platelet activity in
such patients. The pathophysiological mechanism for
increased platelet volume observed in NAFLD is not
yet clearly understood; however, a plausible explanation
might be that NAFLD is a chronic inflammatory condition,
with increases in various inflammatory mediators, like
[102]
IL-1, IL-6, and TNF-α . Platelets have been known to
respond to these inflammatory mediators by alteration
[99]
in size measured as MPV . Obesity and the MetS
are known to be associated with an increased risk of
[103]
thromboembolic events . An increase in plasminogen
activator inhibitor 1 (PAI-1), fibrinogen, factor Ⅷ, and
von Willebrand factor and a decrease in antithrombin
Ⅲ are most frequently reported. Recently, Verrijken
[83]
et al
showed that NAFLD and NASH independently
contributed to the prothrombotic state in obesity by
increasing PAI-1, whereas other prothrombotic factors
were unaffected by liver status. Large epidemiological
studies have shown that elevated plasma level of
[104]
PAI-1 is a predictor of myocardial infarction . PAI-1
levels are related to the severity of vessel wall damage
and are good predictors of subsequent development
[105]
of a first acute myocardial infarction
. It may be
hypothesized that the increase in PAI-1 levels by the
steatotic and inflamed liver, at least in part, explains
the observed link between NAFLD and increased
cardiovascular risk.
There is some debate about the association
between NAFLD and coronary artery calcification (CAC).
Because the CAC score indicates the presence and
extent of coronary atherosclerosis, it is not surprising
that many studies have reported that a high CAC score
[106]
is a marker for an increased risk of coronary events .
Thus, a CAC score of zero is associated with a very low
[106]
risk of subsequent coronary events
, whereas an
elevated CAC score is related to a stepwise increase
[106,107]
in the risk of subsequent coronary events
.
Several prior studies have demonstrated an increa
sed burden of CAC among individuals with NAFLD
independent of traditional risk factors and measures
[108,109]
of abdominal adiposity
, whereas others have
[110,111]
not
. However, many of these studies that find a
positive correlation included ethnically homogeneous
populations of either Africans or Eastern Asians (Taiwan,
Korea, Japan). In a sub-study of the Multi-Ethnic Study
of Atherosclerosis, 398 participants underwent multidetector CT to detect liver fat, and no associations
were observed with CAC after adjustment for CVD risk
[110]
factors in a multi-ethnic population .
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The QT interval represents the duration of electrical
depolarization and repolarization of the ventricle. A
prolonged QT interval reflects a lengthening of this
vulnerable period and increases the risk of malignant
[112]
arrhythmias . Extreme prolongation of the QT interval
is also associated with sudden cardiac death. Moreover,
the duration of the QT interval, even within a reference
range, is a predictor for cardiovascular death in the
[113,114]
general population
. The QT interval has been
shown to be related to cardiac and metabolic disorders,
[114,115]
including HTN, diabetes, obesity, and CAD
. In a
recent report of 400 patients with type 2 diabetes, the
presence of NAFLD was associated with QT prolongation
[116]
after adjustment for established confounders
.
[117]
Furthermore, Hung et al
showed that the severity
of NAFLD was associated with prolonged QTc intervals
and higher risk for QTc prolongation in the general
population with or without diabetes. Their findings
suggest that NAFLD-associated QT prolongation might
be a link to adverse cardiovascular outcomes among
these patients. Recently, two important studies revealed
that NAFLD is strongly associated with an increased
incidence of atrial fibrillation (AF) in patients with type
2 diabetes even after adjustment for important clinical
[118]
risk factors for AF
and independently associated with
[119]
the risk of AF in the general population . Increased
systemic inflammation and autonomic dysfunction
may play a role in the development of AF in patients
with NAFLD. Additionally, preliminary studies indicate
that there is a strong relationship between NAFLD
and early LV diastolic dysfunction in both non-diabetic
[73,86]
and type 2 diabetic individuals
. It is likely that LV
diastolic dysfunction plays a role in AF pathogenesis
either by increasing pressure that can affect stretch
receptors in pulmonary veins triggers and other areas
of the atria or by inducing direct structural changes in
[120,121]
atrial myocardium
. It may be thought that the
increased incidence of AF may cause an increase in
cardiovascular morbidity and mortality in patients with
NAFLD.

has been implicated in the development of both PHT
and HTN independent of other cardiometabolic risk
[130]
factors
. IR is also a proven risk factor of CVD by
inducing dyslipidemia and secreting proinflammatory
cytokines, such as TNF-α and IL-6, accelerating the
[131,132]
arteriosclerosis
. Under these effects of IR,
arterial vascular elasticity and luminal width may be
able to decrease to raise BP. In addition, sympathetic
activation provoked by IR likely contributed to the
development of hypertension. Previous studies showed
that IR could raise BP through the sympathetic
[133,134]
excitation
. Elevated insulin level related to IR
was reported to induce sympathetic overactivity
by direct and indirect action on the central nervous
system, and the enhanced uptake of noradrenaline
in the arterial wall by hyperinsulinemia increased the
[135]
vascular sympathetic tone
. Accordingly, elevated
sympathetic activation related to IR could play a
significant role in the development of HTN of NAFLD
patients.

OBSTRUCTIVE SLEEP APNEA AND
NAFLD
Robust scientific data indicate that obstructive sleep
apnea (OSA) is strongly related to NAFLD independently
[136-138]
of traditional risk factors
. Recently, a metaanalysis by Sookoian and Pirola showed that patients
with OSA have greater transaminase values and a
higher prevalence of NAFLD and liver fibrosis compared
[133]
to individuals without OSA
. Intermittent hypoxia
(IH) is a key mediator of OSA and leads to various
[139]
alterations in biological homeostasis
. It activates
the sympathetic nervous system via the carotid body
chemoreceptors, which in turn leads to fat degradation
(lipolysis) from adipose tissue. Free fatty acids (FFA)
compose the triglycerides, which are transported to
different organs to serve as fuel. However, FFA can
lead to steatosis and organ inflammation, such as in
the setting of NAFLD. At the same time, IH activates
hypoxia inducible factors 1 and 2 (HIF-1 and HIF-2
respectively), which leads to decreased lipid metabolism
in the liver, increased hepatic fat synthesis, upregulated
liver inflammation, and fibrosis. In addition, Vgontzas
et al included the production of inflammatory cytokines,
which led to oxidative stress in patients with chronic
sleep apnea, and it may be a possible mechanism
contributing to the pathogenesis of NAFLD. This process
may not only increase IR seen in patients with NAFLD
but also may accelerate the process of liver fibrosis
leading to the progression to steatohepatitis, cirrhosis,
[140,141]
and its complications
.

HTN AND NAFLD
Compared with those with normal blood pressure (BP),
prehypertension (PHT) increases the risk of HTN by
[122]
two to six-fold over 4 years . PHT is also associated
with increased risk of mortality and other major
cardiovascular events, such as myocardial infarction,
[123,124]
stroke, and congestive heart failure
. Recent
studies suggest an independent association between
[125,126]
NAFLD and HTN
, and when present among
hypertensive patients, NAFLD is associated with CVD
complications, such as LV hypertrophy, ventricular
[127-129]
dysfunction, and cardiovascular dysautonomia
.
The mechanisms by which BP becomes elevated in
the presence of NAFLD and in the absence of MetS
are still unclear. However, it is likely that the common
pathway between these two pathologies is IR. IR is
[124]
a major factor in the development of NAFLD
and
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CHRONIC KIDNEY DISEASE AND NAFLD
To date, there is uncertainty whether NAFLD poses
an independent risk for chronic kidney disease
(CKD) (defined as decreased estimated glomerular
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filtration rate (GFR) and/or proteinuria) above and
beyond known risk factors for CKD. The complex and
intertwined interactions among NAFLD, abdominal
obesity, and IR make it extremely difficult to dissect
out the specific role of the liver and the underlying
mechanisms responsible for the association between
NAFLD and the risk of developing CKD. NAFLD may
contribute to the development and progression of
CKD by atherogenic dyslipidemia, systemic/hepatic
IR, dysglycemia (increased hepatic glucose pro
duction), activation of renin-angiotensin system,
and the systemic release of numerous potentially
pathogenic mediators (proinflammatory biomarkers
[142]
and procoagulant and profibrogenic factors)
.
[143]
Choudhary et al
showed that presence of NAFLD
does not adversely affect renal function. In contrast,
[15]
Machado et al
found that NASH, particularly
lobular inflammation and advanced fibrosis, was
associated with mild decreases in e-GFR, suggesting
a common inflammatory link between liver and
renal lesion in morbid obese patients. Additionally, a
[144]
recently published a meta-analysis by Musso et al
revealed that the presence and severity of NAFLD
are associated with an increased risk and severity
of CKD. The main results of their analysis are the
following: (1) NAFLD was associated with an increased
prevalence and incidence of CKD; (2) liver disease
severity in NAFLD was associated with an increased
risk and severity of CKD; and (3) these associations
remained statistically significant in diabetic and nondiabetic individuals as well as in studies adjusting for
traditional risk factors for CKD and were independent
of whole body/abdominal obesity and IR. Finally,
large-scale prospective studies are needed to draw
firm conclusions about any independent hepatic
contribution to the increased risk of CKD observed in
patients with NAFLD.
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Abstract
AIM: to establish a mouse model of alcohol-driven
hepatocellular carcinoma (HCC) that develops in livers
with alcoholic liver disease (ALD).

Institutional animal care and use committee statement: All
procedures were performed in accordance with the policies of
Institutional Animal Use and Care Committee of the University
of Massachusetts Medical School. The study protocol was
reviewed and approved by the Institutional Animal Use and Care
Committee of the University of Massachusetts Medical School.

METHODS: Adult C57BL/6 male mice received multiple
doses of chemical carcinogen diethyl nitrosamine (DEN)
followed by 7 wk of 4% Lieber-DeCarli diet. Serum
alanine aminotransferase (ALT), alpha fetoprotein
(AFP) and liver Cyp2e1 were assessed. Expression
of F4/80, CD68 for macrophages and Ly6G, MPO,
E-selectin for neutrophils was measured. Macrophage
polarization was determined by IL-1β/iNOS (M1) and
Arg-1/IL-10/CD163/CD206 (M2) expression. Liver
steatosis and fibrosis were measured by oil-red-O and
Sirius red staining respectively. HCC development was
monitored by magnetic resonance imaging, confirmed
by histology. Cellular proliferation was assessed by
proliferating cell nuclear antigen (PCNA).
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RESULTS: Alcohol-DEN mice showed higher ALTs
than pair fed-DEN mice throughout the alcohol
feeding without weight gain. Alcohol feeding resulted
in increased ALT, liver steatosis and inflammation
compared to pair-fed controls. Alcohol-DEN mice had
reduced steatosis and increased fibrosis indicating
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advanced liver disease. Molecular characterization
s h o w e d h i g h e s t l e ve l s o f b o t h n e u t ro p h i l a n d
macrophage markers in alcohol-DEN livers. Importantly,
M2 macrophages were predominantly higher in
alcohol-DEN livers. Magnetic resonance imaging
revealed increased numbers of intrahepatic cysts
and liver histology confirmed the presence of early
HCC in alcohol-DEN mice compared to all other
groups. This correlated with increased serum alphafetoprotein, a marker of HCC, in alcohol-DEN mice.
PCNA immunostaining revealed significantly increased
hepatocyte proliferation in livers from alcohol-DEN
compared to pair fed-DEN or alcohol-fed mice.

HCC is still not completely known. Most commonly,
the incidence of HCC is linked to known risk factors
including hepatitis B and C, aflatoxin and chronic
[3]
alcohol drinking . About 40% of individuals who
chronically consume alcohol develop fatty liver, the
first pathological condition that, with continued alcohol
[4]
use, can advance to alcoholic hepatitis and cirrhosis .
In humans, alcohol is a known causal agent in the
[1]
development of HCC . Most HCC patients have a
history of chronic liver disease and cirrhosis and
cirrhosis remains the single common precursor to HCC
[5]
development .
Increasing evidence suggests that chronic tissue
[6]
inflammation promotes tumor development . In
alcoholic hepatitis recruitment of macrophages and
neutrophils to the liver and activation of resident
Kupffer cells results in high levels of pro-inflammatory
cytokines (TNFa, IL-1β, MCP-1, IL-6) both in the liver
[7]
and systemic circulation . Because alcoholic liver
disease (ALD) and alcoholic hepatitis are characterized
by significant liver inflammation, here we hypothesized
that the alcoholic liver environment may expedite HCC
development.
Hepatocarcinogenesis is a multistep, multistage
process that involves genetic and epigenetic alterations
that ultimately lead to malignant transformation of
[8]
hepatocytes . Several animal models have been
reported that mimic different steps leading to HCC.
These models have helped to identify molecular
mechanisms that underlay the development of
HCC including genetically modified mouse models,
transgenic models expressing viral genes, transgenic
mice over-expressing oncogenes and transgenic
[9,10]
models over-expressing growth factors
. Although
valuable in facilitating detailed investigation of
molecular pathways, the genetically modified animal
models have been shown to vary significantly in their
[10]
pattern of HCC development . Of the chemically
induced HCC animal models, the N-nitrosodiethylamine
(DEN) based models are the most widely used and
accepted. DEN acts as alkylating agent for DNA bases
[11]
which initiates the formation of neoplasms .
Chronic alcohol consumption causes morbidity and
leads to broad spectrum of disorders from steatosis to
[12]
steatohepatitis to cirrhosis and hepatocellular cancer .
Currently there are no animal models of HCC that eva
luates the effect of ALD on HCC acceleration. In this
study, we administered 6 doses of DEN to 4 wk old
adult C57bl/6 male mice followed by 7 wk of Lieber
DeCarli alcohol diet feeding. We report up-regulation of
liver inflammatory cell infiltration and fibrotic markers
in mice receiving alcohol + DEN. Further, alcohol
+ DEN mice showed characteristic appearance of
intrahepatic cysts and hepatic neoplastic foci at the end
of the alcohol feeding compared to mice exposed to
alcohol alone and DEN alone, respectively, supporting
acceleration of HCC by ALD.

CONCLUSION: We describe a new 12-wk HCC model
in adult mice that develops in livers with alcoholic
hepatitis and defines ALD as co-factor in HCC.
Key words: alpha-fetoprotein; macrophage polarization;
steatohepatitis; proliferating cell nuclear antigen; liver
tumor
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic alcohol consumption leads to broad
spectrum of disorders from steatosis to steatohepatitis
to cirrhosis and hepatocellular cancer (HCC). Currently
there are no animal models of HCC that evaluate effect
of alcoholic liver disease (ALD) on HCC acceleration.
We describe a new 12-wk HCC model in adult mice
that develops in livers with alcoholic hepatitis and
defines ALD as co-factor in HCC. Our model involves
sequential step-wise progression of ALD to HCC and
highlights the role of alcohol as a tumor promoting
agent. Importantly, our model shows inflammation,
cellular regeneration, and fibrosis, all the features of
human HCC pathogenesis.
Ambade A, Satishchandran A, Gyongyosi B, Lowe P, Szabo
G. Adult mouse model of early hepatocellular carcinoma
promoted by alcoholic liver disease. World J Gastroenterol 2016;
22(16): 4091-4108 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i16/4091.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i16.4091

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
liver cancer, and worldwide it represents the fifth most
[1]
common primary cancer diagnosed in patients .
HCC is also the third leading cause of cancer related
mortality globally. In the United States, the incidence
[2]
of HCC has tripled over the last two decades . Unlike
many other cancers with known associated risk
factors, the underlying molecular pathophysiology for
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Figure 1 Chronic alcohol enhances DEN induced hepatic injury. A: Experimental design of the adult mouse model of early hepatocellular carcinoma. B:
Body weight of mice in each group per week. C: Three - five mice from each experimental group were bled every week and serum ALT was measured. The graph
represents mean ALT levels of each group. In graphs B and C, values are given as mean ± SD, Dunnett’s multiple comparison were used to compare the means of
multiple groups; (ap < 0.05 vs pair fed saline injected mice, cp < 0.05 vs pair fed DEN injected mice). ALT: Alanine aminotransferase; DEN: Diethyl nitrosamine; AFP:
α-fetoprotein; MRI: Magnetic resonance imaging.

Committee of the University of Massachusetts Medical
School.

MATERIALS AND METHODS
Animal model of HCC

To establish a mouse model of hepatocellular cancer
based on the Lieber-DeCarli alcohol diet, we injected
4 wk old C57bl/6 male mice with total 6 doses of
DEN (Sigma, MO, United States) intraperitoneally.
As shown in figure 1A, a dose of 75 mg/kg DEN was
administered weekly for the first 3 wk followed by a
dose of 100 mg/kg DEN for next 3 wk. At week 8, the
mice were randomly divided into alcohol and pair fed
(control) groups. Age matched groups of mice without
DEN were included in the study to understand the
effect of chronic alcohol feeding. Depending on the
experimental design, mice were fed 4% Lieber-Decarli
alcohol diet or calorie matched control diet (Pair fed),
(Bio-Serv, Flemington, NJ, United States) for 7 wk
(Figure 1A). At sacrifice, blood and liver tissues were
collected for further assays. The study protocol was
approved by the Institutional Animal Use and Care

WJG|www.wjgnet.com

Magnetic resonance imaging

Magnetic resonance imaging (MRI) of liver was
performed to monitor hyperplastic changes in liver.
Images were obtained using 3T Philips Achieva
whole-body MR scanner (Philips Medical Systems,
Best, Netherlands) with a custom-made solenoid T/
R coil with a diameter of 30 mm. The animals were
anesthetized with 5% isoflurane mixed with carbogen
(95% O2/5% CO2) and were maintained with 1%
to 2% isofluorane. Coronal T2-weighted spin echo
images were acquired with respiratory triggering
to reduce the motion artifacts. The respiration rate
was monitored with an optical probe (Model 1025T
Monitoring and Gating System, SA Instruments Inc,
Stony Brook, NY, United States). The output signal
from the respiration monitor was used to trigger,
in real time, the MR acquisition. As a consequence
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of the triggered acquisition, the TR value of around
2000 ms, corresponding to the respiration rate of
around 30 bpm, was determined. Other imaging
parameters were: echo time (TE) of 70 ms, flip angel
of 90 degrees, TSE-factor of 8, number of average =
4, matrix size of 148 × 120, field of view of 30 × 25
2
mm , slice thickness of 1 mm with no gap, acquisition
time around 4 min for 22 slices. Hyperplastic nodules
were distinguished from normal liver tissues on basis
of differences in homogeneity and signal intensity. Pixel
based nodule area quantitation was performed using
ImageJ software.

peroxidase-labeled secondary antibodies were from
Santacruz Biotechnology (Dallas, TX, United States).
The specific immunoreactive bands of interest were
detected by chemiluminescence (Bio-Rad, Hercules,
CA, United States). The immunoreactive bands were
quantified by densitometric analysis using the UVP
System (Bio-Rad Laboratories, Hercules, CA, United
States).

Histopathological analysis

Sections of formalin-fixed, paraffin-embedded livers
were stained with hematoxylin and eosin, or Sirius Red
and assessed for histological features of carcinoma and
fibrosis. To assess steatosis, Oil Red O staining was
performed on cryofrozen liver tissue sections (OCT).
Immunohistochemistry staining for PCNA (ab29;
Abcam), MPO (ab9535; Abcam) was performed on
formalin-fixed, paraffin-embedded livers according to
the manufacturer’s instructions. Images were acquired
on a Nikon microscope at magnification mentioned in
figure legends. The quantitation of the Oil Red O, Sirius
Red staining was performed using ImageJ software.

Biochemical assays
Serum alanine aminotransferase (ALT) activity was
determined using a kinetic method (D-TEK LLC, PA,
United States). Serum AFP was assayed by ELISA
(R&D systems, Minneapolis, MN, United States).
Serum bilirubin was estimated using bilirubin assay kit
(Abnova, Walnut, CA, United States) and the endoto
xin levels were measured using LAL Chromogenic
Endotoxin Quantitation Kit (Thermo Scientific, Rockford,
IL, United States). Liver triglycerides were assayed in
liver whole cell lysates using L-Type TriGlyceride M kit
(Wako Diagnostics, Richmond, VA, United States).

Statistical analysis

Statistical significance was determined using two-tailed
t-test; ANOVA and Dunnett’s multiple comparison
post-test were used to compare the means of multiple
groups. Data are shown as mean ± SD and were
considered statistically significant at P < 0.05. GraphPad
Prism 6.02 (GraphPad Software Inc., La Jolla, CA,
United States) was used for analysis.

RNA extraction and real-time PCR
Total RNA was extracted using the Direct-zol RNA
MiniPrep according to the manufacturer’s instructions
(Zymo Research, Irvin, CA, United States). RNA was
quantified using Nanodrop 2000 (Thermo Scientific,
Wilmington, DE). Complementary DNA (cDNA) synthesis
was performed by reverse transcription of total RNA
using the iScript Reverse Transcription Supermix
(BIO-RAD, Hercules, CA, United States). Real-time
quantitative PCR was performed using the CFX96 realtime detection system (Bio-Rad Laboratories, Hercules,
CA, United States). Primers were synthesized by IDT,
Inc. (Coralville, IA, United States). Accumulation of
PCR products was detected by monitoring the increase
in fluorescence of double-stranded DNA-binding
dye SYBR Green during amplification. Relative gene
expression was calculated by the comparative cycle
threshold (Ct) method. The expression of target genes
was normalized to the house-keeping gene, 18S rRNA,
in each sample and the fold-change in the target
gene expression between experimental groups was
expressed as a ratio. Melt-curve analysis was used to
confirm the authenticity of the PCR products.

RESULTS
Chronic alcohol enhances DEN-induced hepatic injury

ALD and alcoholic cirrhosis are major risk factors for
[14]
HCC development in humans . Here we hypothesized
that the alcoholic liver environment expedites liver
tumor development after repeated administration
of a chemical carcinogen, DEN. In this study, male
C57bl/6 mice received 6 weekly DEN injections,
starting at age of 4 wk followed by 7 wk of chronic
alcohol administration (Figure 1A). Weekly body
weight monitoring showed that compared to pair-fed
mice, alcohol-fed saline-injected mice gained weight
significantly after 7 wk of alcohol feeding. Both DEN
injected pair-fed and DEN-injected alcohol-fed mice
showed attenuated weight gain during the entire
course of experiment compared to mice without DEN
injection (Figure 1B).
Serum ALT, a marker of hepatic injury, was signi
ficantly increased after the first DEN administration
and remained elevated after repeated doses. In
addition, co-administration of DEN and alcohol further
increased ALT (weeks 8-9) that remained elevated in
alcohol-fed mice. Introduction of alcohol feeding even
in the saline injected group resulted in a significant

Western blotting
Whole cell lysates, were prepared from mouse livers
[13]
as described previously . Proteins of interest were
detected by immunoblotting with specific primary
antibodies against: Cyp2e1 (ab1252 Millipore), β-actinHRP (ab49900; Abcam). Respective horseradish
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and sustained increase in ALT compared to pair-fed
control diet (Figure 1C). These results suggested that
while DEN and alcohol, respectively induce liver injury,
their combination results in synergistic hepatic injury
leading to sustained high serum ALT levels.

phenotype.
Neutrophils play a significant role in alcoholic
[22]
hepatitis and also contribute to HCC . Other studies
have shown that alcohol alone upregulated expression
of the characteristic neutrophil markers, Ly6G, MPO
[23]
and E-selectin . In our study, messenger RNA levels
of these neutrophil markers were significantly upregulated in alcohol-fed (Figure 3A) compared to pairfed mice. The highest expression of Ly6G, MPO and
E-selectin was found in alcohol-fed DEN-injected mice
as compared to any other experimental groups (Figure
3A). DEN alone resulted in no change in neutrophil
marker expression compared to saline injected controls
(Figure 3A). We also confirmed the upregulation of
MPO at the protein level using MPO immunostaining
(Figure 3B) that showed significantly increased
numbers of infiltrating neutrophils in alcohol-fed salineinjected mice compared to pair-fed controls (Figure
3B). Moreover, the highest levels of MPO staining,
confirming neutrophil infiltration and activation, were
present in the livers of DEN-injected alcohol-fed
mice (Figure 3C). Taken together, our data showed a
significant increase in key features of alcoholic hepatitis
including increased serum bilirubin, a clinically relevant
diagnostic marker, elevated macrophage, neutrophil
after alcohol administration and an even greater
elevation in all of these indices in the alcohol + DEN
treated mice markers in our experimental model.

Macrophage and neutrophil activation in the liver is
increased in DEN exposed ALD

Previous reports showed that chronic alcohol feeding
[15]
results in significant liver inflammation . Human
alcoholic hepatitis is characterized by liver injury,
increased serum transaminases, increased bilirubin
[16]
and inflammatory cell infiltration into the liver . Thus,
first, we assessed serum bilirubin which is increased
[17]
in alcoholic hepatitis as well as in human HCC . We
found that similar to human patients with alcoholic
hepatitis, serum bilirubin was increased in mice after
chronic alcohol administration (Figure 2A). Serum
bilirubin was also increased in mice that received DEN
alone (Figure 2A). However, the greatest extent of
serum bilirubin increase was found in alcohol-fed DENinjected mice compared to any other experimental
groups. This was indicative of advanced liver disease
and raised the possibility of HCC (Figure 2A).
Chronic alcohol exposure also induces Kupffer cell
activation and infiltration of macrophages into the liver
and results in secretion of pro-inflammatory cytokines
[18]
that drive inflammation in alcoholic hepatitis .
Kupffer cells and macrophages are the most abundant
pro-inflammatory cell type in the liver and are known
[19]
to contribute to ALDs . Thus, next, we assessed the
expression of the macrophage/Kupffer cell markers,
F4/80, CD68 in the liver. The expression of the
pan-macrophage marker, F4/80, was significantly
elevated in all alcohol-fed mice with or without DEN.
The macrophage activation marker, CD68, was up
regulated to greater extent in alcohol-fed DEN-injected
mice as compared to alcohol-fed saline-injected mice
suggesting the presence of activated inflammatory
macrophages in the liver (Figure 2B). Recent literature
suggests that macrophages can be further classified
into pro-inflammtory M1 or anti-inflammatory M2
[20]
macrophages . These macrophage subtypes express
[21]
unique markers . We found a significant increase
in the expression of M1 macrophage markers, IL1β and iNOS, (Figure 2C) in livers of alcohol fed
mice. Importantly, iNOS expression was significantly
higher in alcohol fed-DEN injected mice compared to
alcohol alone (Figure 2C). Livers from alcohol fed mice
also showed higher expression of M2 macrophage
markers, Arg1, CD163, IL-10 and CD206, compared
to non-alcohol controls (Figure 2D) and CD206 the
highest in alcohol fed-DEN injected mice (Figure 2D).
These observations suggested increased macrophage
recruitment to precancerous liver with mixed M1/M2
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Chronic alcohol synergizes with DEN in induction of
liver fibrosis

As we found sustained and increased liver injury and
inflammation after DEN + alcohol administration,
we next analyzed steatosis and fibrosis in the livers.
There was a significant increase in steatosis in the
livers of alcohol-fed mice compared to the pair-fed
control as indicated by Oil-Red-O staining (Figure
4A). Interestingly, alcohol-induced liver steatosis was
attenuated in DEN-injected mice compared to salineinjected alcohol-fed mice (Figure 4A). DEN alone did
not induce steatosis (Figure 4A and B). Alcohol induced
steatosis was further confirmed by measuring hepatic
triglyceride content, which also showed reduction
in alcohol-fed DEN-injected mice as compared to
alcohol-fed saline-injected mice (Figure 4C). While
steatosis is an early presentation of ALD, prolonged
liver disease results in fibrosis that is considered as a
[24]
sequential step towards HCC development . Hence,
we assessed the extent of fibrosis using Sirius Red
staining. As shown in Figure 4D, alcohol-fed DENinjected mice showed significantly increased fibrosis
by Sirius Red staining indicating the presence of liver
fibrosis compared to all other groups (Figure 4D). The
increased fibrosis was quantified in Figure 4E. Thus,
our experimental model of HCC with DEN + alcohol
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Figure 2 Alcoholic hepatitis induces macrophage polarization. A: Serum bilirubin was measured in serum samples at week 15; B: Liver mRNA levels of
macrophage markers, F4/80, CD68; C: Liver mRNA levels of M1 macrophage markers, IL-1β, iNOS; D: Liver mRNA levels of M2 macrophage markers, Arg1, CD163,
IL-10, and CD206. In graphs, values are given as mean ± SD, Dunnett’s multiple comparison were used to compare the means of multiple groups; ap < 0.05. NS: not
significant; DEN: Diethyl nitrosamine; IL: Interleukin; iNOS: Inducible nitric oxide synthase.

of numerous liver nodules characterized by hepatic
hyperplasia exclusively in alcohol-fed DEN-injected
mice compared to all other experimental groups
(Figure 6D). The pair-fed DEN-injected mice had very
few intrahepatic cysts and no hepatic hyperplastic
nodules. None of the alcohol fed or pair fed mice had
cysts or hyperplastic nodules. These results indicated
that alcoholic hepatitis expedited early liver tumor
development.
Next, we assessed the expression of characteris
tic HCC markers. The expression of AFP is directly
associated with hepatocyte differentiation and HCC
[27]
progression . More importantly, AFP is the most
commonly used noninvasive marker for HCC diag
[17]
nosis . We measured serum AFP levels at week 8
(at the beginning of alcohol feeding) and at week 15
(at the end of alcohol feeding). DEN alone increased
serum AFP at both 8 and 15 wk while alcohol alone
increased AFP only at 15 wk (Figure 7A). Importantly,
there was a significant increase in serum AFP in alcohol
+ DEN mice compared to the DEN alone or alcohol
alone groups not only at 8 but also at 15 wk, indicating
early regeneration and potentially, HCC development
(Figure 7A and B).
Chronic alcohol feeding is reported to induce hepatic
[28]
proliferation . Thus, to estimate cell proliferation,
we performed PCNA staining on liver tissue sections
(Figure 7C). Immunohistochemistry staining for PCNA
showed significantly higher number of PCNA positive
nuclei in alcohol-fed DEN-injected mice compared to
all other groups (Figure 7C). Of note, both alcoholfed saline-injected and pair-fed DEN-injected mice
showed increased numbers of PCNA positive nuclei
compared to pair-fed saline-injected controls (Figure
7D). Taken together, our experimental model showed
hepatic hyperplasia confirmed on histology, significant
up regulation in AFP and cell proliferation, providing
evidence for the synergistic action of alcohol as a
tumor promoting agent in DEN-induced early HCC.

showed minimal steatosis and significant fibrosis
indicative of advanced liver disease.

Chronic alcohol induces serum endotoxin and activates
Cyp2e1

Chronic alcohol exposure leads to an increase in
levels of circulating endotoxin, which can activate the
[25]
immune cells in the liver causing inflammation .
TLR4 signaling has been shown to contribute to
[26]
HCC . We observed a significant increase in serum
endotoxin levels after alcohol feeding while there
was no significant difference between the endotoxin
levels of alcohol-fed DEN injected mice and alcohol
alone fed mice, at the time of sacrifice (Figure 5A).
Cyp2e1, the enzyme that metabolizes alcohol in liver,
was upregulated at both mRNA and liver protein levels
in alcohol fed mice (Figure 5B and C) as compared
to pair fed or DEN alone mice. Interestingly, the liver
protein levels of Cyp2e1 in alcohol + DEN mice were
significantly lower than alcohol alone fed mice (Figure
5D). This data supported the hypothesis of increased
inflammation and Cyp2e1 activation after alcohol
exposure in our experimental model.

Chronic alcohol induces cellular proliferation and
expedites HCC

To ascertain the liver tumor and HCC development,
we performed MRI on all experimental groups before
sacrifice, at week 13 of age. The liver MRI revealed a
few bright spots, characteristics of intrahepatic cysts,
in DEN treated mice, however significantly higher
numbers of hepatic cysts were present in the DEN +
alcohol mice (Figure 6A). The increased numbers of
intrahepatic cysts in DEN + alcohol mice were further
confirmed by histology (Figure 6B). Livers of pair-fed
or alcohol alone fed mice showed no lesions on MRI.
The area of cysts from MRI data was quantified using
ImageJ and shown in figure 6C. In addition to hepatic
cysts, histology evaluation revealed the presence
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Figure 3 Alcoholic hepatitis induces neutrophil infiltration. A: Liver mRNA levels of neutrophil markers, Ly6G, MPO and E-selectin; B: Representative
myeloperoxidase (MPO) immunohistochemistry of hepatic sections (magnification × 200) from all experimental groups at 15 wk. Black arrows point to the positive
staining; C: MPO positive cells were scored in at least 3 different microscopic fields for each mouse and plotted as bar graph. (n ≥ 5 mice per group). In graphs,
values are given as mean ± SD, Dunnett’s multiple comparison were used to compare the means of multiple groups; ap < 0.05. NS: not significant; DEN: Diethyl
nitrosamine.
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Figure 4 Chronic alcohol synergizes with diethyl nitrosamine in hepatocellular carcinoma development. A: Representative Oil Red O staining of hepatic
sections (200 × magnification) from all experimental groups at 15 wk; B: Bar graph shows percent Oil Red O stained area in groups that was quantified using ImageJ
software. For quantification, at least 3 different microscope fields were scored for each mouse (n ≥ 5 mice per group); C: Liver triglycerides were estimated at week
15; D: Representative Sirius Red staining of hepatic sections (magnification × 100) from all experimental groups at 15 wk. E: For quantification of fibrosis, at least 3
different microscope fields at 10x magnification were scored for each mouse (n ≥ 5 mice per group). Bar graph shows percent Sirius Red positive area quantified
using ImageJ. In graphs, values are given as mean ± SD, Dunnett’s multiple comparison were used to compare the means of multiple groups; ap < 0.05. NS: not
significant; DEN: Diethyl nitrosamine.

DEN-injected mice after alcohol feeding and resulted in
present numbers of early HCC neoplastic foci (Figure
8). Our data indicate that increased neutrophil and
macrophage activation is triggered in the alcoholic
liver tissue microenvironment and may contribute
to acceleration of HCC (Figure 8). In addition to
steatohepatitis, liver fibrosis was also present in
DEN + alcohol treated mice as indicated by Sirius
Red staining. Further, our model showed increased
numbers of intrahepatic cysts by the MRI that were
confirmed as hepatobiliary cysts by histology and are
features of early hepatobiliary cancer. Our model also

DISCUSSION
Chronic alcohol use leads to alcoholic hepatitis and
[14]
cirrhosis . Epidemiological data suggests that chronic
heavy alcohol consumption and ALD is a significant
[29]
risk factor towards the development of HCC . In this
study, we introduce a mouse model that demonstrates
that chronic alcohol feeding resulting in alcoholic
hepatitis in adult mice, expedites DEN (chemical)
induced early liver tumor development. We found
that features of human alcoholic hepatitis including
inflammation, steatosis and fibrosis were all present in
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Figure 6 Chronic alcohol expedites hepatocellular carcinoma development. A: T2-weighted MRI of liver in coronal section at week 13. Arrows denote
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showed significant induction in serum AFP, one of the
well-established markers of HCC, upon alcohol feeding
in the DEN-injected mice. Finally, our data showed
enhanced cellular proliferation in response to chronic
alcohol feeding which promoted progression to HCC.
DEN has been used since the 1960s to induce
HCCs in laboratory animals, and is the most widely
[10]
used chemical to induce liver cancer in mice . DEN
undergoes metabolic activation in hepatocytes by
enzymes of the cytochrome P450 family and acts as a
complete carcinogen, if injected in mice younger than 2
[30]
wk, when hepatocytes are still actively proliferating .
When administered to adult mice, tumor promotion is
required and can be achieved by phenobarbital, carbon
tetrachloride, partial hepatectomy. Our experimental
model used 4 wk old male mice and provided evidence
for the role of alcohol as tumor promoting agent in
adult mice. In our study, male mice were chosen
because of the higher prevalence of HCC in males
[3]
compared to females in humans . Irrespective of
the promoting agent used, DEN based HCC models
take at least 5 mo to show the first signs of tumor.
Our model using alcohol as a tumor promoting agent
demonstrated the first signs of early HCC in a much
shorter time of 3 mo.
Although several carcinogen initiated HCC animal
models have been described, none of them so far
evaluated alcoholic hepatitis and ALD as a tumor
[9]
promoting factor in wild-type mice . A recent study
performed in neonate mice combined chronic alcohol
exposure in the drinking water with DEN injection
[12]
and showed tumors at 48 wk . However, alcohol
administration in the drinking water does not cause
[31]
ALD . In our study, we employed the Lieber-DeCarli
alcohol feeding model that results in features of
human ALD including steatosis, inflammation and
[32]
liver fibrosis . By utilizing adult mice and the LieberDeCarli alcohol diet, our model shows acceleration of
early hepatobiliary tumors after a chemical carcinogen
exposure with some histopathological resemblance to
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human ALD.
Chemical toxins and viral agents are the two
[1]
well known etiologies of hepatocellular cancer .
Irrespective of the underlying etiology, cellular
inflammation is the common feature that has been
shown to be present in human HCC patients as well
[33]
as animal models . It is also known that persistent
inflammation in the absence of infection increases
the risk and expedites the development of cancer.
Inflammation in the liver is one of the hallmarks of
[33]
alcoholic hepatitis
and it was prominent in our
model with the highest level in alcohol-fed DEN treated
mice. Activation and recruitment of neutrophils and
macrophages to the liver is a well-known feature of
[19,22]
[34]
alcoholic hepatitis
, steatohepatitis and ALD .
In our experiments, we found increased expression
and activation of neutrophils and macrophages in
alcohol-fed mice and markers of inflammation were
even higher in mice with liver tumors after DEN +
alcohol feeding. Alcohol-induced sensitization of liver
macrophages to portal endotoxin is a hallmark of
[35]
ALD . LPS recognition by TLR4 on macrophages and
other cell types in the liver, activation of downstream
signaling pathways culminating in activation of
transcription factors such as NF-κB, AP-1 leads to
increased inflammatory cytokine production in ALD.
Recent literature suggests that macrophages can be
further classified into pro-inflammatory M1 or anti[20]
inflammatory M2 macrophages . The M1 phenotype
is characterized by the expression of high levels of
proinflammatory cytokines, high production of reactive
nitrogen and oxygen intermediates, promotion of Th1
response, and strong microbicidal and tumoricidal
[20,36]
activity
. The alternatively activated or M2
macrophages are often referred to as tumor associated
[20]
macrophages (TAMs) . We observed a significant
induction of both M1 (TNFα, iNOS) and M2 markers
(Arg1, CD163, CD206) in our experimental model.
The presence of M1 macrophages is consistent with
the increased proinflammatory activation in ALD. This
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[41]

increase in M2 macrophage is likely suggestive of
the presence of TAMs in the liver. TAMs represent the
major inflammatory component of the stroma of liver
cancer and can affect different aspects of the neoplastic
transformation of the tissue. Many observations indicate
that TAMs express several M2-associated pro-tumoural
functions, including promotion of angiogenesis, matrix
remodeling and suppression of adaptive immunity.
The pro-tumoural role of TAMs in cancer is further
supported by clinical studies that found a correlation
between the high macrophage content of tumors
and poor patient prognosis. TAMs represent a unique
and distinct M2-skewed myeloid population and are
now recognized as a potential target for anti-cancer
[37]
therapy . Therefore, we mixed M1/M2 MΦ presence
with the increase in M2 macrophage markers observed
in our model may be responsible for promoting tumor
development in the DEN exposed alcohol-fed mice.
Alcohol is primarily metabolized in hepatocytes and
its metabolites generate ROS, cause inflammation and
steatosis. Long term alcohol exposure induces a state
[38]
of chronic inflammation in the liver . Both DEN and
alcohol induce Cyp2E1, and the chronic alcoholic injury
induced in our model synergized with the chemical
injury to increase hepatocyte proliferation leading
to appearance of early neoplastic foci found in our
experimental model. In the context of cancer-related
inflammation, key intracellular signal transducers have
been identified both in preneoplastic cells as well as in
inflammatory cells. Among these signaling pathways,
sustained activation of transcription factors including
NF-κB, p53, HIF-1a, β-catenin/Wnt, and Nrf2 in liver
leads to chronic inflammation that is responsible
[39]
for cancer progression . Thus, the inflammation
associated with alcoholic hepatitis may be a significant
contributing factor to HCC development in alcohol fed
DEN injected mice.
In addition to cellular inflammation, the alcohol
fed DEN injected mice showed sustained higher ALT
levels. Increased ALT levels are indicator of hepatocyte
damage and can be used reliably as a marker of liver
[40]
injury . Initially in our experimental model, the ALT
levels were significantly higher in all DEN injected
mice and ALT returned to baseline after cessation of
DEN administration. However, the alcohol fed mice
showed sustained the higher ALT levels suggesting
sustained liver injury. DEN acts as an alkylating
agent for DNA bases which initiates the formation of
[11]
neoplasms . It has been proposed that the charged
nucleophilic intermediates of DEN attack DNA bases
thereby leading to mutations which initiate cellular
[11]
transformation . Chemical carcinogens including
DEN exert their effect by generating ROS during their
metabolism in the liver, which is responsible for DNA
damage associated with increased risk of cancer
[39]
development . Importantly, DEN is metabolized in the
liver by Cyp2E1, the same enzyme that metabolizes
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alcohol . We also observed significantly higher TBARS
in alcohol fed DEN injected mice, compared to alcohol
alone mice (data not shown). Hence, it is possible that
the hepatocytes from alcohol fed DEN injected mice
are exposed to extremely higher ROS in addition to
DNA damage which may expedite their transformation
into early HCC observed in this group exclusively.
The expression of AFP is directly associated with
[27]
hepatocyte differentiation . Elevated levels of serum
[42]
AFP are reported in alcoholic hepatitis patients .
However, as compared to alcoholic hepatitis patients,
the AFP levels are much higher in human HCC
[43]
patients . Some reports show a clinical correlation
[44]
between serum AFP and severity of liver disease .
Our data of serum AFP levels at week 8 and 15 clearly
show the role of alcohol in stimulating AFP expression
which can be correlated to advanced liver disease
such as HCC. In addition to hepatocytes, the liver
progenitor cells (LPC) also produce AFP during their
[45]
cellular differentiation . The LPCs play an important
[46,47]
role in liver regeneration and homeostasis
.
Increased serum AFP in our experimental model is also
indicative of enhanced proliferation of LPCs which may
be responding to chronic liver injury caused by alcohol
feeding. This regenerative response by LPCs may also
contribute to HCC development.
Chronic alcohol feeding is reported to induce
Cyclin D1 protein that corresponds with enhanced
[28]
[48]
hepatic proliferation . More recently, Lanthier et al
reported that alcoholic hepatitis patients demonstrated
a significant invasion of LPC and a higher number of
proliferating hepatocytes compared to controls. This
study on human alcoholic hepatitis patients suggests
that hepatic cell proliferation plays a pivotal role in the
prognosis of alcoholic hepatitis and HCC. A significantly
higher number of PCNA positive cells in DEN + alcohol
mice provide another evidence for the role of alcohol
as inducer of hepatocyte and LPC proliferation.
Chronic liver injury such as long term alcohol
exposure leads to steatohepatitis, hepatitis which
[24]
can progress to fibrosis . Hepatic fibrosis is an
injury healing process in which excessive connective
[49]
tissue accumulates in the liver . The profibrotic
factors like collagen are overproduced to assist the
expansion of new hepatocytes. Hepatic fibrosis can
[24]
progress to cirrhosis and in few cases to HCC . In
our experimental model of HCC, the alcohol fed DEN
injected mice showed significantly higher fibrosis as
compared to alcohol fed (alone) or DEN injected (alone)
mice. The molecular pathways associated with fibrosis
are very similar to liver regeneration, a cellular process
in which mature terminally differentiated hepatocytes
[50]
proliferate to replace the injured cells . In adult mice,
mature hepatocytes exist in a growth-arrested (G0)
state which, after liver injury, leave their G0 state and
enter the proliferative stages of the cell cycle during
which they duplicate necessary components and
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foci. The data indicate that increased neutrophil and macrophage activation is
triggered in the alcoholic liver tissue microenvironment and may contribute to
acceleration of HCC.

synthesize new proliferation-specific molecules (G1
phase), replicate their DNA (S phase), and divide (M
[51]
phase) . It is conceivable that in our experimental
model, hepatocytes with damaged DNA undergo
multiple rounds of proliferation to complete the
regeneration response. However, due to their damaged
DNA, continue to proliferate leading to HCC. Other
probable explanation could be that the hepatocytes
with DEN induced DNA damage are exposed to
increased amount of ROS and inflammation due to
chronic alcohol exposure, which leads to their constant
proliferation resulting in HCC development. These
hypotheses can be the focus of future studies.
In conclusion, by combining multiple injections
of DEN prior to chronic Lieber-DeCarli alcohol diet
feeding, we developed a mouse model that displays
the features of early HCC. Importantly, our model
involves adult mice with alcoholic hepatitis, liver
inflammation, cellular regeneration, and fibrosis, all
the features associated with pathogenesis of human
HCC. We believe that availability of such a model will
provide unique opportunities to understand alcohol
associated molecular and cellular mechanisms related
to HCC.

Applications

This combination of carcinogen pre-exposure and chronic alcohol consumption
presents one of the most unique phenomenons of chronic alcohol leading to
progression of HCC that occurs in humans. This availability of such a model will
provide unique opportunities to understand alcohol associated molecular and
cellular mechanisms related to HCC.

Terminology

Lieber-DeCarli diet, a commercially available, carefully designed and well
characterized rodent diet intended to mimic the clinical situation in which the
various effects of alcohol occur in the setting of liver changes characterized by
a fatty liver and inflammation.

Peer-review

This is an interesting manuscript devoted to increased DEN-induced HCC
development by alcohol. An important aspect of this study is that mice were fed
not ethanol in water, but ethanol in Lieber-DeCarli diet (pair-feeding), which by
itself induces liver injury.

REFERENCES
1
2

ACKNOWLEDGMENTS

3

The authors would like to thank members of the
Szabo lab for their stimulating intellectual discussions
and scientific input. The help provided by Shao-kuan
Zheng (Department of Radiology) in acquisition of MRI
data is acknowledged. We thank Merin MacDonald
and Candice Dufour for assistance with formatting
the manuscript. The authors are grateful to services
provided by DERC (histology and immunostaining)
and CFAR (Primer Synthesis) core facilities at UMASS
Medical School. CFAR core facility is supported by the
University of Massachusetts Center for AIDS Research
(P30 AI042845).

4
5

6
7

COMMENTS
COMMENTS

8

Background

Hepatocellular carcinoma (HCC) is the most common liver cancer, and
worldwide it represents the fifth most common primary cancer diagnosed
in patients. Chronic alcohol consumption causes morbidity and leads to
broad spectrum of disorders from steatosis to steatohepatitis to cirrhosis and
hepatocellular cancer.

9
10
11

Research frontiers

Several animal models have been reported that mimic different steps leading to
HCC. Currently there are no animal models of HCC that evaluate the effect of
alcoholic liver disease on HCC acceleration.

12

Innovations and breakthrough

In this study, the authors administered 6 doses of diethyl nitrosamine (DEN) to
4 wk old adult C57bl/6 male mice followed by 7 wk of Lieber-DeCarli alcohol
diet feeding. They found that features of human alcoholic hepatitis including
inflammation, steatosis and fibrosis were all present in DEN-injected mice
after alcohol feeding and resulted in higher numbers of early HCC neoplastic

WJG|www.wjgnet.com

13

4106

El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011; 365:
1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.
Global cancer statistics, 2012. CA Cancer J Clin 2015; 65: 87-108
[PMID: 25651787 DOI: 10.3322/caac.21262]
Altekruse SF, Henley SJ, Cucinelli JE, McGlynn KA. Changing
hepatocellular carcinoma incidence and liver cancer mortality
rates in the United States. Am J Gastroenterol 2014; 109: 542-553
[PMID: 24513805 DOI: 10.1038/ajg.2014.11]
Szabo G, Dolganiuc A. Hepatitis C core protein - the “core” of
immune deception? J Hepatol 2008; 48: 8-11 [PMID: 18023495
DOI: 10.1016/j.jhep.2007.10.005]
Sanyal AJ, Yoon SK, Lencioni R. The etiology of hepatocellular
carcinoma and consequences for treatment. Oncologist 2010; 15
Suppl 4: 14-22 [PMID: 21115577 DOI: 10.1634/theoncologist.201
0-S4-14]
Grivennikov SI, Greten FR, Karin M. Immunity, inflammation,
and cancer. Cell 2010; 140: 883-899 [PMID: 20303878 DOI:
10.1016/j.cell.2010.01.025]
Szabo G, Petrasek J. Inflammasome activation and function in
liver disease. Nat Rev Gastroenterol Hepatol 2015; 12: 387-400
[PMID: 26055245 DOI: 10.1038/nrgastro.2015.94]
Villanueva A, Newell P, Chiang DY, Friedman SL, Llovet JM.
Genomics and signaling pathways in hepatocellular carcinoma.
Semin Liver Dis 2007; 27: 55-76 [PMID: 17295177 DOI: 10.1055/
s-2006-960171]
Li Y, Tang ZY, Hou JX. Hepatocellular carcinoma: insight from
animal models. Nat Rev Gastroenterol Hepatol 2012; 9: 32-43
[PMID: 22025031 DOI: 10.1038/nrgastro.2011.196]
Bakiri L, Wagner EF. Mouse models for liver cancer. Mol Oncol 2013;
7: 206-223 [PMID: 23428636 DOI: 10.1016/j.molonc.2013.01.005]
Verna L, Whysner J, Williams GM. N-nitrosodiethylamine
mechanistic data and risk assessment: bioactivation, DNA-adduct
formation, mutagenicity, and tumor initiation. Pharmacol Ther
1996; 71: 57-81 [PMID: 8910949]
Brandon-Warner E, Walling TL, Schrum LW, McKillop IH.
Chronic ethanol feeding accelerates hepatocellular carcinoma
progression in a sex-dependent manner in a mouse model of
hepatocarcinogenesis. Alcohol Clin Exp Res 2012; 36: 641-653
[PMID: 22017344 DOI: 10.1111/j.1530-0277.2011.01660.x]
Ambade A, Catalano D, Lim A, Kopoyan A, Shaffer SA,
Mandrekar P. Inhibition of heat shock protein 90 alleviates steatosis
and macrophage activation in murine alcoholic liver injury. J

April 28, 2016|Volume 22|Issue 16|

Ambade A et al . Alcoholic liver disease promotes HCC

14

15

16

17

18
19

20

21

22

23

24

25

26

27

28

29

30

Hepatol 2014; 61: 903-911 [PMID: 24859453 DOI: 10.1016/
j.jhep.2014.05.024]
O’Shea RS, Dasarathy S, McCullough AJ; Practice Guideline
Committee of the American Association for the Study of Liver
Diseases; Practice Parameters Committee of the American College
of Gastroenterology. Alcoholic liver disease. Hepatology 2010; 51:
307-328 [PMID: 20034030 DOI: 10.1002/hep.23258]
Hritz I, Mandrekar P, Velayudham A, Catalano D, Dolganiuc
A, Kodys K, Kurt-Jones E, Szabo G. The critical role of toll-like
receptor (TLR) 4 in alcoholic liver disease is independent of the
common TLR adapter MyD88. Hepatology 2008; 48: 1224-1231
[PMID: 18792393 DOI: 10.1002/hep.22470]
Wang HJ, Gao B, Zakhari S, Nagy LE. Inflammation in alcoholic
liver disease. Annu Rev Nutr 2012; 32: 343-368 [PMID: 22524187
DOI: 10.1146/annurev-nutr-072610-145138]
Drinane M, Shah VH. Alcoholic Hepatitis: Diagnosis and
Prognosis. Clinical Liver Disease 2013; 2: 80-83 [DOI: 10.1002/
cld.164]
Szabo G. Gut-liver axis in alcoholic liver disease. Gastroenterology
2015; 148: 30-36 [PMID: 25447847 DOI: 10.1053/j.gastro.2014.10.042]
Thakur V, McMullen MR, Pritchard MT, Nagy LE. Regulation of
macrophage activation in alcoholic liver disease. J Gastroenterol
Hepatol 2007; 22 Suppl 1: S53-S56 [PMID: 17567466 DOI: 10.1111/
j.1440-1746.2006.04650.x]
Martinez FO, Gordon S. The M1 and M2 paradigm of macrophage
activation: time for reassessment. F1000Prime Rep 2014; 6: 13
[PMID: 24669294 DOI: 10.12703/P6-13]
Lee J, French B, Morgan T, French SW. The liver is populated by a
broad spectrum of markers for macrophages. In alcoholic hepatitis
the macrophages are M1 and M2. Exp Mol Pathol 2014; 96:
118-125 [PMID: 24145004 DOI: 10.1016/j.yexmp.2013.09.004]
Xu R, Huang H, Zhang Z, Wang FS. The role of neutrophils in
the development of liver diseases. Cell Mol Immunol 2014; 11:
224-231 [PMID: 24633014 DOI: 10.1038/cmi.2014.2]
Bertola A, Park O, Gao B. Chronic plus binge ethanol feeding
synergistically induces neutrophil infiltration and liver injury
in mice: a critical role for E-selectin. Hepatology 2013; 58:
1814-1823 [PMID: 23532958 DOI: 10.1002/hep.26419]
Gao B, Bataller R. Alcoholic liver disease: pathogenesis and new
therapeutic targets. Gastroenterology 2011; 141: 1572-1585 [PMID:
21920463 DOI: 10.1053/j.gastro.2011.09.002]
Wang Y, Liu Y, Kirpich I, Ma Z, Wang C, Zhang M, Suttles
J, McClain C, Feng W. Lactobacillus rhamnosus GG reduces
hepatic TNFα production and inflammation in chronic alcoholinduced liver injury. J Nutr Biochem 2013; 24: 1609-1615 [PMID:
23618528 DOI: 10.1016/j.jnutbio.2013.02.001]
Machida K, Tsukamoto H, Mkrtchyan H, Duan L, Dynnyk A, Liu
HM, Asahina K, Govindarajan S, Ray R, Ou JH, Seki E, Deshaies
R, Miyake K, Lai MM. Toll-like receptor 4 mediates synergism
between alcohol and HCV in hepatic oncogenesis involving stem
cell marker Nanog. Proc Natl Acad Sci USA 2009; 106: 1548-1553
[PMID: 19171902 DOI: 10.1073/pnas.0807390106]
Abelev GI, Eraiser TL. Cellular aspects of alpha-fetoprotein
reexpression in tumors. Semin Cancer Biol 1999; 9: 95-107 [PMID:
10202131 DOI: 10.1006/scbi.1998.0084]
Apte UM, McRee R, Ramaiah SK. Hepatocyte proliferation is the
possible mechanism for the transient decrease in liver injury during
steatosis stage of alcoholic liver disease. Toxicol Pathol 2004; 32:
567-576 [PMID: 15603541 DOI: 10.1080/01926230490508812]
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]
Swann PF, Coe AM, Mace R. Ethanol and dimethylnitrosamine
and diethylnitrosamine metabolism and disposition in the rat.
Possible relevance to the influence of ethanol on human cancer
incidence. Carcinogenesis 1984; 5: 1337-1343 [PMID: 6435899
DOI: 10.1093/carcin/5.10.1337]

WJG|www.wjgnet.com

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45
46

47

48

4107

Cook RT, Schlueter AJ, Coleman RA, Tygrett L, Ballas ZK,
Jerrells TR, Nashelsky MB, Ray NB, Haugen TH, Waldschmidt TJ.
Thymocytes, pre-B cells, and organ changes in a mouse model of
chronic ethanol ingestion--absence of subset-specific glucocorticoidinduced immune cell loss. Alcohol Clin Exp Res 2007; 31: 1746-1758
[PMID: 17681030 DOI: 10.1111/j.1530-0277.2007.00478.x]
Lieber CS, DeCarli LM. The feeding of alcohol in liquid diets:
two decades of applications and 1982 update. Alcohol Clin Exp Res
1982; 6: 523-531 [PMID: 6758624 DOI: 10.1111/j.1530-0277.1982.
tb05017.x]
Berasain C, Castillo J, Perugorria MJ, Latasa MU, Prieto J, Avila
MA. Inflammation and liver cancer: new molecular links. Ann N
Y Acad Sci 2009; 1155: 206-221 [PMID: 19250206 DOI: 10.1111/
j.1749-6632.2009.03704.x]
Donohue TM. Alcohol-induced steatosis in liver cells. World
J Gastroenterol 2007; 13: 4974-4978 [PMID: 17854140 DOI:
10.3748/wjg.v13.i37.4974]
Mandrekar P, Szabo G. Signalling pathways in alcohol-induced
liver inflammation. J Hepatol 2009; 50: 1258-1266 [PMID:
19398236 DOI: 10.1016/j.jhep.2009.03.007]
Sica A, Mantovani A. Macrophage plasticity and polarization: in
vivo veritas. J Clin Invest 2012; 122: 787-795 [PMID: 22378047
DOI: 10.1172/JCI59643]
Sica A, Schioppa T, Mantovani A, Allavena P. Tumour-associated
macrophages are a distinct M2 polarised population promoting
tumour progression: potential targets of anti-cancer therapy. Eur
J Cancer 2006; 42: 717-727 [PMID: 16520032 DOI: 10.1016/
j.ejca.2006.01.003]
Meadows GG, Zhang H. Effects of Alcohol on Tumor Growth,
Metastasis, Immune Response, and Host Survival. Alcohol Res
2015; 37: 311-322 [PMID: 26695753]
Waris G, Ahsan H. Reactive oxygen species: role in the
development of cancer and various chronic conditions. J Carcinog
2006; 5: 14 [PMID: 16689993 DOI: 10.1186/1477-3163-5-14]
Kim WR, Flamm SL, Di Bisceglie AM, Bodenheimer HC; Public
Policy Committee of the American Association for the Study of
Liver Disease. Serum activity of alanine aminotransferase (ALT)
as an indicator of health and disease. Hepatology 2008; 47:
1363-1370 [PMID: 18366115 DOI: 10.1002/hep.22109]
Chowdhury G, Calcutt MW, Nagy LD, Guengerich FP. Oxidation
of methyl and ethyl nitrosamines by cytochrome P450 2E1 and
2B1. Biochemistry 2012; 51: 9995-10007 [PMID: 23186213 DOI:
10.1021/bi301092c]
Mendenhall CL, Chedid A, French SW, Ray M, Roselle GA,
Grossman CJ, Weesner RE, Gartside PS. Alpha-fetoprotein
alterations in alcoholics with liver disease. V.A. Cooperative Study
Groups. Alcohol Alcohol 1991; 26: 527-534 [PMID: 1725107]
Gowda S, Desai PB, Hull VV, Math AA, Vernekar SN, Kulkarni
SS. A review on laboratory liver function tests. Pan Afr Med J
2009; 3: 17 [PMID: 21532726]
Farinati F, Marino D, De Giorgio M, Baldan A, Cantarini M,
Cursaro C, Rapaccini G, Del Poggio P, Di Nolfo MA, Benvegnù
L, Zoli M, Borzio F, Bernardi M, Trevisani F. Diagnostic and
prognostic role of alpha-fetoprotein in hepatocellular carcinoma:
both or neither? Am J Gastroenterol 2006; 101: 524-532 [PMID:
16542289 DOI: 10.1111/j.1572-0241.2006.00443.x]
Sell S, Leffert HL. Liver cancer stem cells. J Clin Oncol 2008; 26:
2800-2805 [PMID: 18539957 DOI: 10.1200/JCO.2007.15.5945]
Itoh T, Miyajima A. Liver regeneration by stem/progenitor cells.
Hepatology 2014; 59: 1617-1626 [PMID: 24115180 DOI: 10.1002/
hep.26753]
Miyajima A, Tanaka M, Itoh T. Stem/progenitor cells in liver
development, homeostasis, regeneration, and reprogramming.
Cell Stem Cell 2014; 14: 561-574 [PMID: 24792114 DOI: 10.1016/
j.stem.2014.04.010]
Lanthier N, Rubbia-Brandt L, Lin-Marq N, Clément S, Frossard
JL, Goossens N, Hadengue A, Spahr L. Hepatic cell proliferation
plays a pivotal role in the prognosis of alcoholic hepatitis. J Hepatol
2015; 63: 609-621 [PMID: 25872168 DOI: 10.1016/j.jhep.2015.04.003]

April 28, 2016|Volume 22|Issue 16|

Ambade A et al . Alcoholic liver disease promotes HCC
49
50

Brenner DA. Molecular pathogenesis of liver fibrosis. Trans Am
Clin Climatol Assoc 2009; 120: 361-368 [PMID: 19768189]
Marquardt JU, Seo D, Gómez-Quiroz LE, Uchida K, Gillen MC,
Kitade M, Kaposi-Novak P, Conner EA, Factor VM, Thorgeirsson
SS. Loss of c-Met accelerates development of liver fibrosis in

51

response to CCl(4) exposure through deregulation of multiple
molecular pathways. Biochim Biophys Acta 2012; 1822: 942-951
[PMID: 22386877 DOI: 10.1016/j.bbadis.2012.02.012]
Diehl AM. Alcohol and liver regeneration. Clin Liver Dis 1998; 2:
723-738 [DOI: 10.1016/S1089-3261(05)70038-6]
P- Reviewer: Osna NA, Takahashi T
S- Editor: Gong ZM L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

4108

April 28, 2016|Volume 22|Issue 16|

World J Gastroenterol 2016 April 28; 22(16): 4109-4119
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.i16.4109

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Functional analysis and drug response to zinc and
D-penicillamine in stable ATP7B mutant hepatic cell lines
Gursimran Chandhok, Judit Horvath, Annu Aggarwal, Mohit Bhatt, Andree Zibert, Hartmut HJ Schmidt
Article in press: February 22, 2016
Published online: April 28, 2016

Gursimran Chandhok, Andree Zibert, Hartmut HJ Schmidt,
Klinik für Transplantationsmedizin, Universitätsklinikum
Münster, D-48149 Münster, Germany
Judit Horvath, Institut für Humangenetik, Westfälische
Wilhelms-Universität, D-48149 Münster, Germany

Abstract

Annu Aggarwal, Mohit Bhatt, Kokilaben Dhirubhai Ambani
Hospital and Medical Research Institute, Mumbai 400103, India

AIM: To study the effect of anti-copper treatment for
survival of hepatic cells expressing different ATP7B
mutations in cell culture.
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METHODS: The most common Wilson disease (WD)
mutations p.H1069Q, p.R778L and p.C271*, found in
the ATP7B gene encoding a liver copper transporter,
were studied. The mutations represent major
genotypes of the United States and Europe, China,
and India, respectively. A human hepatoma cell line
previously established to carry a knockout of ATP7B
was used to stably express WD mutants. mRNA and
protein expression of mutant ATP7B , survival of cells,
apoptosis, and protein trafficking were determined.
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RESULTS: Low temperature increased ATP7B protein
expression in several mutants. Intracellular ATP7B
localization was significantly impaired in the mutants.
Mutants were classified as high, moderate, and no
survival based on their viability on exposure to toxic
copper. Survival of mutant p.H1069Q and to a lesser
extent p.C271* improved by D-penicillamine (DPA)
treatment, while mutant p.R778L showed a pronounced
response to zinc (Zn) treatment. Overall, DPA treatment
resulted in higher cell survival as compared to Zn
treatment; however, only combined Zn + DPA treatment
fully restored cell viability.
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CONCLUSION: The data indicate that the basic impact
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subsequently released from the body via bile canaliculi.
ATP7B protein normally resides in the TGN but is
believed to traffic to the endocytic vesicles under high
Cu conditions for biliary Cu excretion. Impaired ATP7B
function due to mutations in the ATP7B gene results in
toxic Cu accumulation, ultimately leading to cell death.
Hallmarks of WD include Cu accumulation in the
liver and the brain, a low ceruloplasmin activity, and
[1]
the presence of Kayser-Fleischer (KF) corneal rings .
Diagnosis is difficult since individual abnormalities could
be absent or at borderline. A wide spectrum of clinical
presentations is observed, including liver damage and/
or neurological symptoms, ranging from asymptomatic
phenotypes which show only mild abnormalities of Cu
homeostasis, to patients having liver cirrhosis, acute
liver failure, or severe neurological disability. Onset of
disease is also highly variable and is often observed
at childhood but also in adolescence and even in late
[8]
adults . Unrelated proteins that mediate uptake,
delivery, and efflux of Cu have been implicated to
modify disease; however, an understanding of the
molecular mechanisms that are involved in the complex,
highly variable phenotype, including the toxic events
observed in hepatocytes, is far from being achieved.
The type and location of ATP7B mutation has
been suggested to be one determinant of the disease
phenotype indicating that individual mutations of ATP7B
may be linked to a phenotype. However, prognosis of
the disease related to a specific WD mutation expressed
in patients has not been established. Therefore, there
is a pressing need for an optimal treatment regimen
of unknown genotypes in various regions, including
China where novel genotypes have increasingly
[9-12]
been identified
. The majority of WD mutations
are missense but deletions and insertions are also
observed. Since most WD patients carry compound
heterozygous ATP7B mutations that may modulate
the phenotypic expression of an individual mutation,
the analysis of homozygous mutations has helped to
explore links of ATP7B genotype and phenotype, e.g.,
[13,14]
in studies of large families in specific regions
.
Recently, functional characterization of individual ATP7B
mutations expressed in various cell lines was suggested
to improve the understanding of the clinical impact of a
[15-17]
given mutation
.
WD is a fatal disease when not appropriately
treated by anti-coppering drugs and can lead to early
death. The two most commonly used drugs for therapy
of WD are D-penicillamine (DPA) and zinc (Zn) that
involve de-coppering by chelation or metallothionein
[18]
induction, respectively . Both lines of drugs are
associated with side effects and the correct choice
of treatment, including the survival of hepatocytes,
is still under debate. In a significant portion of
patients with WD, treatment is not effective leading
[18]
to discontinuation of therapy . Chelation therapy
seems to be most beneficial in European WD patients,
whereas Chinese patient benefit most from Zn treat

Core tip: Copper overload in Wilson disease (WD) is
treated with anti-copper therapy. However, the effect
of treatment has not been studied using human hepatic
cells lacking the ATP7B copper transporter. Using a
previously established ATP7B KO cell line, we generated
stable mutant cell lines to study functional analysis and
response to zinc (Zn) and D-penicillamine (DPA). All
mutants showed individual response rates following
copper and anti-copper treatment. Highest rescue from
copper toxicity was observed after combined Zn and
DPA treatment. The study provides novel insights into
genotype-phenotype correlations and genotype-specific
treatment of WD.
Chandhok G, Horvath J, Aggarwal A, Bhatt M, Zibert A,
Schmidt HHJ. Functional analysis and drug response to zinc and
D-penicillamine in stable ATP7B mutant hepatic cell lines. World
J Gastroenterol 2016; 22(16): 4109-4119 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i16/4109.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i16.4109

INTRODUCTION
Wilson disease (WD; MIM No. 277900) is an autosomal
recessive disorder resulting from mutation of the
[1]
ATP7B gene . More than 600 mutations of ATP7B are
known (www.hgmd.org). Due to improved genetic
diagnosis, novel mutations are being found around
the world. The WD gene consists of 21 exons that
span a genomic region of about 80 kb and is located
[2,3]
on the long arm of chromosome 13 (13q14.1) .
ATP7B encodes a large membrane protein of 1465
amino acids that was characterized to be a copper (Cu)
transporting P-type adenosine triphosphatase (ATPase)
which has high homology to the amino acid sequence
of the gene responsible for Menkes disease (MIM No.
300011). Apart from involvement of ATP7B in causing
rare inherited disease, its role in Cu homeostasis
is central to the function of important biochemical
[4]
pathways . Of note, anti-copper therapy effective for
treatment of WD patients was recently recognized to
represent an alternative for the treatment of other
[5,6]
diseases . The effect of anti-copper treatment for
hepatocytes, the major target cell of the disease, and
the correlation to individual WD genotypes have yet to
be determined.
ATP7B is mainly expressed in the liver and to a
lesser extent in the brain and other organs. ATP7B
has two functions in the liver which are central for
[4,7]
Cu homeostasis
. ATP7B protein transports Cu
into the trans Golgi network (TGN) where the metal
is transferred to apoceruloplasmin that is finally
released as ceruloplasmin into the blood. Excess
Cu is sequestered by ATP7B into vesicles that are
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Western blot analysis

[19-21]

ment
. Whether poor response to therapy may
relate to the genotype is not known, since a standard
therapy regimen for WD has not been established.
We addressed the functional characterization of
ATP7B mutations following anti-copper treatment in a
novel hepatic ATP7B knockout (KO) cell line that was
[22]
previously established by us . The effect of Cu on
intracellular trafficking, viability, and apoptosis was
studied.

MATERIALS AND METHODS
Cell culture

HepG2 (human hepatocellular carcinoma) cells
purchased from American Type Culture Collection
[22]
(ATCC) and derivatives of ATP7B knockout cells
were cultured in RPMI media (Lonza) containing 10%
fetal bovine serum (FBS) and supplemented with
100 U/mL penicillin/streptomycin (PAA). Cell lines
were maintained in 5% CO2 at 37 ℃ in a humidified
chamber.

MTT assay
4

10 cells were seeded in triplicates in a 96 well plate
and cultivated overnight in 100 µL RPMI media lacking
phenol red (PAA). Cells were then exposed to different
Cu concentrations (CuCl2; Sigma Aldrich). After 48 h,
viability was determined by MTT assay as previously
[22]
described . For testing drug efficacy, cells were
preincubated with 200 µmol/L Zn (ZnCl2; AppliChem)
[24]
for 2 h
and washed twice with phosphate buffered
saline (PBS, PAA) prior to Cu addition. D-penicillamine
(Dako) was added at 6.25 mmol/L simultaneously
with Cu. Cells were incubated for 48 h. Cell rescue was
determined as percentage of treated, viable compared
to untreated cells.

Site-Directed Mutagenesis and generation of stable
ATP7B mutant cell lines

Wild type ATP7B cDNA was cloned into pGCsamENATP7B
[23]
retroviral vector encoding blasticidin resistance .
Site-directed mutagenesis was performed using
QuikChange II XL Site-Directed Mutagenesis Kit
(Agilent Technologies) according to the manufacturer’s
instructions. Mutagenized cDNA was sequenced to con
firm the presence of the selected variant and exclude
secondary mutations. KO cells were transduced with
the plasmid containing the WD mutation. KO cells
harbouring wild type ATP7B plasmid were used as a
control. Cells were selected in media containing 6 µg/mL
blasticidin (Invitrogen).

Determination of apoptosis
6

10 cells were incubated with 100 µmol/L Cu at 37 ℃
for 24 h. Supernatants and cells were collected and
subjected to Annexin-V and propidium iodide staining
(Roche Annexin-V-FLUOS kit) and analyzed using flow
cytometry (Epics XL.MCL, Beckman Coulter).

Confocal staining

Cell lines were grown on cover slips coated with 0.1%
gelatin to about 80% confluency. For studying Cu
induced trafficking under low and high Cu conditions,
cells were either maintained in RPMI basal cell culture
media or treated by addition of 100 µmol/L Cu for 3
h. Cells were then washed with PBS, fixed using 4%
paraformaldehyde (Electron Microscopy Sciences)
and permeabilized with 0.25% triton X-100 (Sigma).
Cells were blocked for 30 min with 3% bovine serum
albumin (Sigma), followed by staining with primary
anti-ATP7B (kind gift of Dr. I. Sandoval, Madrid, Spain)
and anti-lamp2 (Santa Cruz Biotechnology, sc-18822)
antibodies. Secondary antibody incubation was done
using goat anti-rabbit 594 and goat anti-mouse 488
(Life technologies, A-11012 and A-11001, respectively)
for 45 min. Confocal images were recorded with a
Nikon A1 confocal laser scanning microscope and an
ECLIPSE Ti with a CFI Plan Fluor 40 × (NA 1.3 oil) lens
(Nikon, Japan). The images were analyzed using NISelements software.
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[22]

Western blot was performed as described previously .
Briefly, cells were lysed in RIPA buffer containing
60 mmol/L Tris-HCl, 150 mmol/L NaCl, 2% Nadeoxycholate, 2% triton X-100, 0.2% SDS and
15 mmol/L EDTA supplemented with protease inhi
bitors (Roche, Complete Mini, EDTA-free). Protein
concentration was determined by Bradford assay (BioRad, Protein Assay). 10 µg of protein was loaded onto
a 9% SDS gel and blotting was performed using a
0.45 µmol/L nitrocellulose membrane (GE Healthcare).
Polyclonal anti-rabbit ATP7B antibody was used for
protein detection. HSC70 (Santa Cruz Biotechnology,
sc-1059) staining was used as a protein loading
control. Densitometric analysis was performed using
ImageJ 1.46 software (http://imagej.nih.gov/ij/docs/
guide/). Relative expression was normalized to KO cells
expressing wild type ATP7B.

Real-time PCR analysis

[25]

PCR analysis was performed as described previously .
Briefly, isolation of total RNA was performed by
RNeasy kit (Qiagen). 1 µg of RNA was transcribed
using SuperScript II (Invitrogen) according to the
instructions of the manufacturer. For quantitative real
time PCR (qPCR) the RT product was incubated with
SYBR Green PCR Core Plus (Eurogentec, Belgium)
and 150 nmol/L of primers. PCR was analyzed on the
ABI Prism 7900 HT Sequence Detection System (PE
Applied Biosystems). Each sample was tested in three
independent experiments. Ct values were normalized
to the expression of the house-keeping GAPDH gene
ΔΔ
( ct method).

Statistical analysis

Statistical analysis was performed by Kruskal-Wallis
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[31]

one-way ANOVA and Student’s t-test using SPSS 22.0
software. Data are given as mean ± SE.

temperature . At 37 ℃, only mutant cell line KO.L795F
showed ATP7B expression levels similar to KO.wt cells
(Figure 2B). Cell lines KO.H1069Q and KO.T977M
showed a lower ATP7B protein expression. Lowest
ATP7B expression was observed for cell line KO.R778L.
Cell lines KO.M573fs, KO.C271* and KO.E122fs
that have abrogated reading frames showed no
detectableATP7B protein. Incubation of cells at 30 ℃
prominently increased protein expression in cell lines
KO.L795F, KO.H1069Q and KO.T977M (Figure 2C).
Relative increase of protein expression was highest for
cell line KO.R778L, although overall expression was
still low (Supplementary Table 2).

RESULTS
Establishment of hepatic cells expressing ATP7B
mutations

In order to analyze the impact of various WD mutants
for survival of hepatic cells, we generated stable cell
lines in an ATP7B knockout (KO) human hepatoma
[22]
cell line . The three major ATP7B mutations reported
from WD patients around the world (p.H1069Q,
p.R778L and p.C271*) were chosen for this study
[26-30]
(Supplementary Table 1)
. In addition, mutations
from a recently identified cohort of Western India
(p.L795F, p.T977M, p.M573fs, and p.E122fs) were
[26]
also included . The selected four missense and
three mutations encoding incomplete reading frames
are located throughout different functional domains
of ATP7B (Figure 1). The presence of the desired
mutations and the absence of any other aberration
within ATP7B were confirmed in the cell lines by
sequencing of chromosomal DNA (data not shown).
In order to characterize ATP7B mRNA expression of
the cell lines, real time PCR analysis was performed
indicating that expression was in the same range as
compared to KO cells expressing wild type ATP7B
(KO.wt) (Figure 2A). To explore the stability of ATP7B
protein expression in different mutants, Western
blot analysis of the cell lines was performed. Cells
were either maintained at 37 ℃ or at 30 ℃ prior to
Western blot analysis to determine unstable ATP7B
expression that is known to be augmented by lower
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ATP7B trafficking in hepatic mutant cell lines

Trafficking of ATP7B from TGN to vesicular com
partments upon exposure of cells to high Cu levels has
[31]
been reported . We addressed whether trafficking of
ATP7B in response to elevated Cu is impaired in the
[32]
mutant hepatic cells . Subcellular trafficking of ATP7B
was determined under two different Cu conditions
(Figure 3) using lamp2, a late endosome-lysosome
[33,34]
marker
. First we established that trafficking of
exogenous ATP7B in KO.wt was similar to HepG2 cells
(Supplementary Figure 1). Using low Cu conditions,
KO.wt cells showed a perinuclear localization of ATP7B.
Upon exposure of cells to 0.1 mmol/L Cu, KO.wt cells
displayed a dispersed punctate staining pattern of
ATP7B distant from the perinuclear region towards
the cytosolic vesicular compartment. Co-localization
of ATP7B with lamp2 was predominantly observed in
KO.wt cells under high Cu conditions. A similar staining
pattern was observed with HepG2 cells (data not shown).
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the presence of 100 μmol/L Cu (B). Bars represent 10 μm. A representative photograph is shown for each mutant cell line.

In cell line KO.L795F ATP7B staining was found to be
dispersed in the cytoplasm under both low and high Cu
conditions, although a higher co-localization with lamp2
was observed at high Cu. As compared to KO.wt cells,
no co-localization with vesicle-like structures was seen
in cell line KO.L795F. ATP7B staining pattern of cell line
KO.H1069Q was partially dispersed. A high overlap
with lamp2 was observed. Only minor differences as
compared to low Cu were observed upon exposure
to high Cu. Cell line KO.T977M showed a perinuclear
staining pattern of ATP7B at low Cu. Under high Cu
conditions, ATP7B was somewhat dispersed with only
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a slight overlap with lamp2. Cell line KO.R778L showed
a diffuse staining pattern suggesting an extensively
mislocalized ATP7B dispersed throughout the cell. No
co-localization of ATP7B was observed with lamp2 in
cell line KO.R778L. The cell lines KO.M573fs, KO.C271*,
KO.E122fs and KO did not show any ATP7B-specific
staining (data not shown).

Viability of hepatic mutant cell lines following copper
exposure

Since most ATP7B mutant cell lines showed defects
in trafficking, we further assessed whether expression

4113

April 28, 2016|Volume 22|Issue 16|

Chandhok G et al . Zn and DPA therapy in ATP7B mutant cell lines

Viability (%)

100

100

L795F

80

80

60

60

40

40

20

20

0

0

0.00 0.25 0.50 0.75 1.00 1.25 1.50

100

H1069Q

100

T977M

80

a
a
a

60

a

40

a

40

a

20

a

0

0.00 0.25 0.50 0.75 1.00 1.25 1.50

E122fs

a

a

20

a

a

0

0.00 0.25 0.50 0.75 1.00 1.25 1.50

100

100

R778L

80

80

80

80

60

60

60

60

40

40

40

20

20

40

a

20
0

a

a

a

a

a

0

0.00 0.25 0.50 0.75 1.00 1.25 1.50

a

a

a

a

a

a

0

0.00 0.25 0.50 0.75 1.00 1.25 1.50

M573fs

80

60

100

C271*

100

a

a
a

a

a

a

a

0.00 0.25 0.50 0.75 1.00 1.25 1.50

KO.wt

20

a

a

a

a

a

0

0.00 0.25 0.50 0.75 1.00 1.25 1.50

0.00 0.25 0.50 0.75 1.00 1.25 1.50

Cu (mmol/L)

Figure 4 Survival of ATP7B mutant cell lines after copper exposure. Cell survival of ATP7B mutant cell lines relative to control (no copper) was determined by
MTT assay after 48 h copper (Cu) exposure. Data is represented as mean ± SE of at least three independent experiments. Significance (aP < 0.05) as compared to
KO.wt.
35

a

Apoptosis (%)

30

a

25

a

a

a

20

a

a

15
10
5
0
F

95

L7

Q

69

0
H1

s
3f

M

77

T9

57

M

*

71

C2

fs

22

E1

L

78

R7

t

.w
KO

KO

Figure 5 Rate of apoptosis in ATP7B mutant cell lines after copper exposure. Cells were exposed to 100 μmol/L Cu for 24 h. Induction of apoptosis was
determined by Annexin-V staining followed by flow cytometry analysis. Data is represented as mean ± SE of at least three independent experiments. aP < 0.05 vs KO
cells expressing wild type ATP7B.

of ATP7B mutations can lead to escape of cells from
toxic Cu. The viability of the cell lines at various Cu
concentrations was determined (Figure 4). Cell line
KO.L795F showed high viability at 0.25 mmol/L Cu
(89.0% ± 1%) which slowly decreased to 16.9%
± 5% at 1.5 mmol/L Cu concentration. Cell lines
KO.H1069Q and KO.T977M displayed lower levels of Cu
resistance with a viability of 78.2% ± 3% and 47.3%
± 2%, respectively at 0.25 mmol/L Cu. Viability
significantly dropped in these mutants below 2.0%
± 1% at highest Cu concentration. In contrast, the
three mutant cell lines encoding incomplete reading
frames and KO.R778L showed Cu resistance similar
[22]
to KO cells
with values below 16.2% ± 5% at 0.25
mmol/L Cu that further dropped to almost 0.0% at
higher Cu concentrations. Values calculated for IC50
(Supplementary Table 2) suggested that only cell
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lines KO.L795F, KO.H1069Q and KO.T977M displayed
significant survival after toxic Cu exposure.

Induction of apoptosis

[35]

Cu is also known as an inducer of apoptosis . Having
shown that WD mutations affect cell survival, we
assessed induction of apoptosis following Cu exposure
(Figure 5). Experiments were carried out at 0.1 mmol/
L Cu since significant necrosis was observed at higher
Cu concentrations (data not shown). KO.wt and HepG2
cells showed similar rates of apoptosis (Supplementary
Figure 2). Induction of apoptosis was low (11.1%
± 1%) for cell line KO.L795F underscoring that cell
line KO.L795F can resist high concentrations of Cu as
shown above. All other cell lines displayed higher rates
of apoptosis (range 17.1% ± 1% to 24.4% ± 3%)
suggesting that although cell lines KO.H1069Q and
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KO.T977M can escape high Cu, significant levels of
apoptosis are induced by Cu.

moderately reduced impact on cell survival underlining
[17,37]
previous results obtained in other systems
.
Localisation of protein p.H1069Q was reported to be
[17,31,37]
close to the ER
. The observed stabilization of
p.H1069Q protein expression in hepatic cells by low
temperature confirmed previous results obtained
[31]
in human kidney cells
suggesting that improper
folding of the mutant protein is not cell type specific.
Mutant p.R778L did not show detectable levels of cell
survival in contrast to the other missense mutants
underscoring that it may be difficult to predict activity
from sequence analysis alone. ATP7B expression and
improvement of survival were not detected for the
three mutations encoding incomplete reading frames
[16,17,38]
underlining previous observations
.
Based on cell survival, WD mutants could be
classified into groups having high (p.L795F, p.H1069Q),
moderate (p.T977M), and no survival (p.M573fs,
p.C271*, p.E122fs and p.R778L). Homozygous muta
tion p.L795F was associated in WD patients from
[26]
India with late onset and neurological disease .
For mutation p.H1069Q an association with late and
[8,30,39,40]
neurological presentation has been observed
.
A high cell survival may thus be associated to a
relatively late, predominantly neurologic phenotype,
possibly due to the almost wild type activity of ATP7B
that can prevent severe disease, at least in the early
years. Of note, in two patients having compound
heterozygous mutation p.L795F together with
frameshift mutation p.M769fs, late onset of disease
[26]
was significantly reduced
suggesting that one allele
of mutation p.L795F is sufficient to prevent early
onset of disease when combined with a putative nonfunctional mutation. Homozygous mutation p.T977M
was observed in Indian WD patients who had an
early onset of disease (around year 4) predominantly
affecting liver and resulting in moderate neurological
[26]
impairment . In European WD patients, mutation
[41]
p.T977M was however relatively mild . On the other
hand, ATP7B frameshift and nonsense mutations have
been implicated to result in early onset and a more
[42-44]
severe manifestation of WD
. The phenotypes that
were associated with homozygous mutations p.M573fs,
p.C271* and p.E122fs are mostly severe including high
disease burden and relatively early onset of diseases,
at least for p.M573fs and p.C271* (around years
7-10). Overall disease burden according to the Tier
[26]
1 score
was highest for mutation p.E122fs within
this group, except that osseomuscular disease was
completely missing in patients having this mutation.
Mutation p.R778L has a high frequency in WD patients
from Asia, especially in China, Japan, South Korea and
was associated with severe hepatic disease and with a
[9,45-49]
relatively early onset (about 10 years)
, however,
a later onset of disease mostly associated with
[50]
cerebral symptoms was noted in a different cohort .
In addition to the common genotypes, there are an
increasing number of novel genotypes identified,
especially in China, which may benefit from genotype-

Zinc and DPA treatment of mutant cell lines

We addressed whether the individual rates of survival
and apoptosis observed in the ATP7B mutant cell
lines may also have an impact on the response to
Zn and DPA treatment. In order to determine the
treatment response for different ATP7B mutants, KO
mutant cell lines were exposed to Zn, DPA and Zn +
DPA at different Cu concentrations (Figure 6). Upon
treatment, all mutant cell lines showed a significant
higher survival at Cu concentrations ≥ 0.25 mmol/L
(mean 55.1% ± 3%; median 63.1%) as compared to
untreated control (mean 18.1% ± 4%; median 3.6 %)
indicating that all three treatments are highly efficient.
Overall, Zn treatment alone was less effective (mean
35.6% ± 5%) and significantly outperformed by DPA
treatment (mean 57.8% ± 5 %). Combined treatment
Zn + DPA resulted in highest cell survival (mean
69.7% ± 2 %) suggesting a synergistic effect of both
modalities as compared to single treatments as shown
[22]
before for KO cells .
Some of the mutations showed unique response
rates to the treatments. Relative increase of viability
by Zn treatment (gain) was highest for mutant cell
line KO.R778L (mean 26.9% ± 8%). Following DPA
treatment, only cell lines KO.L795F and KO.H1069Q
showed full restoration of viability as compared to
KO.wt cells. Relative increase of viability by DPA
treatment was mostly gradual (≤ 1.0 mmol/L Cu)
for cell lines KO.L795F and KO.H1069Q whereas
most of the other mutant cell lines, in particular
KO.M573fs, showed a plateau of high values (> 65%)
at Cu concentrations of 0.5-1.0 mmol/L Cu. Relative
increase of viability by combination as compared to
DPA treatment was highest in cell line KO.C271* (mean
57.8% ± 6% and 29.2% ± 11%, respectively).

DISCUSSION
Our results indicate that the analysis of hepatic cell
lines resulted in a functional classification of WD
mutations. Mutant cell lines showed different degrees
of cell survival and characteristic responses upon
treatment with Zn and DPA. The findings provide
first in vitro evidence that survival of hepatic cells
following anti-copper treatment may depend on the
ATP7B mutation, an observation that may further lead
to a better prognosis of unknown WD mutants and
improved knowledge on WD genotype to phenotype
associations.
HepG2 cells are widely used for analysis of Cu
[36,37]
toxicity and apoptosis
. By using ATP7B KO cells
[22]
derived from HepG2 , we assessed viability of
hepatic cells without interference by intrinsic ATP7B or
[31,37]
impairment by hybrid protein sequences
reflecting
a situation close to human WD hepatocytes. Mutant
p.H1069Q was observed in this study to have a
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Figure 6 Survival of ATP7B mutant cell lines after zinc and D-penicillamine treatment. Cells were treated with zinc (Zn), D-penicillamine (DPA), and Zn + DPA
followed by determination of viability at 48 h. Bar graphs indicate cell viability after treatment relative to untreated cells [0 mmol/L copper (Cu)]. Relative increase of
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[10,12]

specific therapy approaches
.
[51,52]
Zn and DPA are effective treatments for WD
and
are implemented in current guidelines for treatment.
While DPA is reducing overall Cu load in the body due
to chelation, the first line defence of Zn is thought to
take place in the intestine where Cu is expelled via
metallothionein. The mechanism of both drugs at
[24,53]
the level of the hepatocyte has been explored
,
however, to the best of our knowledge this is the first
study on Zn and DPA in human hepatic cells expressing
mutant ATP7B. The results indicate that the survival
of hepatic cells following treatment might depend on
the genotype of ATP7B. With the exception of mutant
p.R778L, efficacy of Zn treatment for hepatic cells is
mostly confined to low Cu concentrations. Previous data
indicate that metallothionein is induced in hepatic cells
[22]
even when ATP7B is absent
suggesting that high
metallothionein expression is insufficient for rescue of
cells.
[22]
Our study indicates as shown before for KO cells
that combined treatment by Zn and DPA resulted
in the highest survival of hepatic cells suggesting
that a synergism by both drugs is needed to resist
maximal liver Cu concentrations that can be up to 3
[1]
mg/g dry weight . While our own experience with
combined treatment is limited to small WD patient
cohorts and standardized treatment regimen has not
been established, a possible translation of our results
awaits further in vivo studies and regimens that
[18,51,54]
minimize interference of both drugs
. Notably,
in support of our in vitro findings WD patients having
mutation p.R778L were observed to benefit largely
from Zn monotherapy corroborating the importance
of Zn treatment in different Asian countries, including
[20,21,55]
China
. In addition, our finding of a general
reduced hepatic cell survival after Zn treatment as
compared to DPA is corroborated by clinical findings
[19,52]
from large WD cohorts
and also from Indian
patients (AA, MB, unpublished data). Apart from the
WD genotype, many variables are likely to contribute
to the phenotype and drug response, including the
genetic background in different populations, diet, type
of disease manifestation, and local preferences of antiCu treatment regimens. In addition, combination of
the two drugs in vitro and in vivo may act by different
mechanism. Given the limitations of our in vitro
study, functional characterization of cells following Cu
exposure and Zn/DPA treatment may however indicate
the basic impact of a given WD genotype.

accumulation, especially in the liver and brain, where Cu toxicity results in a
varying presentation of liver disease, neurological, and psychiatric conditions.
Lifelong treatment currently involves Cu chelating compounds and zinc salts.
A standard anti-Cu treatment has not been established for therapy of WD. The
rarity of disease and the high number of compound heterozygote mutations
aggravate genotype to phenotype correlations.
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Specific ATP7B mutations are often found to be concentrated in certain
geographical populations. Over 600 different mutations of ATP7B have so
far been identified, and it is thought - although not proven - that the range of
symptoms presented by individual WD patients and the response to therapy
has partly a genetic basis.

Innovations and breakthroughs

Previous work allowed the functional characterization of WD genotypes in
different in vitro cellular systems. In this report, using human hepatic cells that
have no intrinsic ATP7B expression, the impact of the WD genotype with regard
to treatment by standard anti-Cu drugs was addressed. Unique insights into
the genotype-phenotype correlations of the most prominent WD mutations that
refer to more than 50% of patients in some regions of the world are presented.

Applications

Findings on a WD genotype-specific response of hepatic cells to anti-Cu
treatment are important to stimulate further clinical and molecular studies
to assess genotype to phenotype correlations, genotype-specific treatment
regimens, and the prognosis of novel genotypes.

Terminology

ATP7B mutations have been studied in various mammalian tissue culture cells,
however, intrinsic ATP7B expression or non-hepatic cells have blurred a direct
correlation of the results. The study of primary hepatocytes from WD patients is
difficult, since such cells cannot be propagated in tissue culture. Hepatic cells
expressing homozygote WD mutations may represent a novel platform to study
the impact of individual mutants.
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Interesting paper with the novel idea how to learn more about genotype/
phenotype correlations and potential genotype influence on reaction to therapy
in WD. Presented results provide for a first time that the response of hepatic
cells depends on the WD mutation, most interesting after treatment with
penicillamine and zinc.
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Abstract
AIM: To study the therapeutic effects of mesenchymal
stem cells (MSCs) and an interleukin-1 receptor
antagonist (IL-1Ra) in acute liver failure.
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± 3 kg, 5-8 mo) were obtained from the Laboratory
Animal Centre of the Affiliated Drum Tower Hospital of
Nanjing University Medical School. Acute liver failure
was induced via 85% hepatectomy, and animals were
treated by MSC transplantation combined with IL-1Ra
injection. Blood samples were collected for hepatic
function analysis, and the living conditions and survival
time were recorded. Liver injury was histologically
analyzed. Hepatic cell regeneration and apoptosis were
studied by Ki67 immunohistochemistry and terminal
deoxynucleotidyl transferase dUTP nick end labeling,
respectively. The levels of protein kinase B and nuclear
factor-κB expression were analyzed by Western
blotting.
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Additional flow cytometric analysis of cell surface
marker expression demonstrated that > 90% of
GFP-expressing MSCs were also positive for CD29,
CD44, and CD90, indicating that most of these cells
expressed typical markers of MSCs, and the population
of MSCs was almost pure. Transplantation of MSCs in
combination with 2 mg/kg IL-1Ra therapy significantly
improved survival time compared to the acute liver
failure model group (35.3 ± 6.7 d vs 17.3 ± 5.5 d, P <
0.05). Combined therapy also promoted improvement
in serum inflammatory cytokines and biochemical
conditions. The observed hepatic histopathologic score
was significantly lower in the group with combined
therapy than in the model group (3.50 ± 0.87 vs 8.17
± 1.26, P < 0.01). In addition, liver cell apoptosis in
the combined therapy group was significantly inhibited
(18.1 ± 2.1% vs 70.8 ± 3.7%, P < 0.01), and hepatic
cell regeneration increased. A significant increase in
protein kinase B expression and decrease in nuclear
factor-κB expression were observed (P < 0.01), which
supports their important roles in liver regeneration.

alcohol, or as a result of hepatectomy. ALF leads to
hepatic encephalopathy, hepatorenal syndrome, severe
[1]
infection, multiple organ failure, and even death .
Combating ALF requires either reduction of liver cell
necrosis or stimulation of liver cell regeneration.
This can be achieved with drug therapy, artificial
liver therapy, stem cell transplantation, and liver
[2]
transplantation . Even though artificial liver therapy
has the potential to reduce mortality, its efficacy is
[3]
limited . So far, liver transplantation is the most
effective treatment for ALF. However, it has its own
limitations due to many difficulties, including severe
donor shortage, numerous complications, immune
rejection, use of immunosuppressive agents, and high
[4]
medical costs .
In recent years, stem cell therapy has become a
new area of investigation for ALF treatment. This is
mainly because stem cells are abundant, show low
immunogenicity, and have the potential to differentiate
[5]
into hepatocyte-like cells . A large body of evidence
suggests that mesenchymal stem cells (MSCs) could
differentiate in vitro and in vivo into liver-like cells
with partial hepatic functions under appropriate
[6,7]
environmental conditions . Given that autologous cell
transplantation helps to prevent immunologic rejection,
which is always a major obstacle for orthotopic liver
transplantation, MSCs could be regarded as seeding
cells for transplantation in relation to the treatment of
[8]
liver diseases .
Severe inflammation as a result of ALF leads to
necrosis of a large number of liver cells and is caused
by acetaminophen, idiosyncratic drug reactions,
hepatitis B, or seronegative hepatitis. The occurrence
of ALF also involves various inflammatory factors and
cytokines, and its pathogenesis is closely related to
[9-11]
liver cell apoptosis
. In recent years, experimental
studies have demonstrated that microcirculatory
dysfunction and an inflammatory environment are
determinants of ALF, and proinflammatory mediators
such as interleukin (IL)-1, IL-2, and tumor necrosis
[12]
factor (TNF)-α are the key players . One study
showed that the levels of these cytokines in patients
with ALF were significantly higher than in healthy
[13]
individuals and patients with chronic hepatitis . IL-1
may be a main driver of late inflammation, which leads
to further injury. IL-1 is considered to be a primary
proinflammatory cytokine because of its ability to
stimulate expression of many inflammation-associated
[14]
genes through the IL-1 signaling cascade .
The IL-1 receptor antagonist (IL-1Ra) is a natural
IL-1 antagonist that can block the inflammatory
process by competitively binding to the IL-1 receptor
with equal avidity to IL-1. IL-1Ra inhibits the
stimulation of downstream signaling, thereby reducing
[15]
inflammation . Imbalance between IL-1 and IL1Ra has been observed in a variety of inflammatory
[16]
diseases including ALF . IL-1Ra, which is significantly
associated with the level of liver inflammation, is an
independent marker unaffected by obesity, alcohol

CONCLUSION: MSCs and IL-1Ra had a synergistic
effect in liver regeneration via regulation of inflam
mation and apoptotic signaling.
Key words: Mesenchymal stem cells; Interleukin-1
receptor antagonist; Stem cell transplantation; Acute
liver failure; Hepatoectomy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Combination therapy is superior to any method
of mesenchymal stem cell (MSC) transplantation used
alone. This study shows that combination therapy
improved liver function, inhibited apoptosis, and
prolonged the survival of swine with acute liver failure
(ALF). Transplanted MSCs may participate in liver
regeneration by promoting proliferation and inhibiting
apoptosis during the initial stage of ALF following
antagonism of interleukin-1 inflammatory signaling.
Combination therapy with MSC transplantation and
an interleukin-1 receptor antagonist, which enables
restoration from ALF and liver reconstruction in swine,
is a promising treatment option for ALF patients in the
future.
Sang JF, Shi XL, Han B, Huang X, Huang T, Ren HZ, Ding
YT. Combined mesenchymal stem cell transplantation and
interleukin-1 receptor antagonism after partial hepatectomy.
World J Gastroenterol 2016; 22(16): 4120-4135 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i16/4120.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i16.4120

INTRODUCTION
Acute liver failure (ALF) is characterized by severe
liver cell damage due to virus infection, drugs, toxins,
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Swine hepatectomy model of ALF

[17]

consumption, or insulin resistance . IL-1Ra can inhibit
hepatocellular apoptosis in mice with ALF induced by
acetaminophen and significantly improve their survival
[18]
rate . Therefore, we hypothesized that reducing
inflammation in acutely injured liver would benefit the
efficacy of MSC transplantation in patients with ALF.
In this study, IL-1Ra was injected through the portal
vein along with MSCs to reduce liver inflammation
in a swine model of ALF. Liver function before and
after MSC transplantation with or without IL-Ra
was compared by measuring the changes in serum
levels of alanine aminotransferase (ALT), aspartate
transaminase (AST), alkaline phosphatase (ALP),
and γ-glutamyl transpeptidase (γ-GT). In addition,
pathologic injury and hepatic cell apoptosis were
also examined. The outcome of this study appears
promising and may improve the clinical application of
MSCs.

The swine model of ALF was established as described
[20]
previously . The swine were starved for 8 h before
the operation. Initial sedation was achieved with a deep
intramuscular injection of ketamine (15-20 mg/kg)
and chlorpromazine (6-8 mg/kg), administered 15 min
after atropine (0.01 mg/kg). Oxygen saturation and
heart rate were monitored throughout the operation,
and anesthesia was maintained using 1.5% halothane
in oxygen titrated to provide anesthesia. Normal saline
(1 L) and 5% dextrose (500 mL) were administered
intravenously during the surgical procedure. For
85% hepatectomy, left trilobectomy was performed,
together with partial right-posterior-lobe resection but
without hepatic pedicle occlusion. Parts of the right
posterior and caudate lobes were retained to leave a
residual hepatic volume of 15% of the normal volume.
Computed tomography (CT) and CT reconstruction
were performed to visualize the residual liver volume
after hepatectomy, and B-scan ultrasound examination
was performed to detect ascites.

MATERIALS AND METHODS
Animals

Postoperative management

Chinese experimental miniature swine (15 ± 3 kg,
5-8 mo) were obtained from the Laboratory Animal
Centre of the Affiliated Drum Tower Hospital of Nanjing
University Medical School. Animals were maintained
under standard conditions. All animal procedures were
approved by the Animal Care Ethics Committee of
Nanjing Drum Tower Hospital. Every effort was made
to minimize any suffering of the animals used in this
study.

MSC isolation, culture, and characterization

All animals received the following subcutaneous
injections: 5 mL 10% glucose, 0.1 mL analgesics
(ketorolac; Whanin Pharm, Seoul, South Korea), and
0.1 mL ceftriaxone (Rocephin; Roche Holding AG,
Basel, Switzerland). Animals had ad libitum access
to 20% glucose solution for drinking and standard
laboratory chow.

Experimental groups and treatments

Twenty-four swine with injured livers were randomly
divided into four groups (n = 6 each): a model control
group, a group receiving IL-1Ra via peripheral vein
injection, a group receiving MSC transplantation via
portal vein injection, and a combined therapy group.
The model control group received 40 mL normal saline
via the portal vein 1 d after surgery. The IL-1Ra group
received an injection of 2 mg/kg IL-1Ra (Institute of
Process Engineering, Chinese Academy of Sciences,
China) via the ear vein at 18 h, 2 d, and 4 d after
8
surgery. The MSC transplant group received 1 × 10
GFP-MSCs suspended in 40 mL normal saline via the
portal vein 24 h after surgery. The combined therapy
group received 2 mg/kg IL-1Ra via the ear vein 18
h after surgery, followed by MSC transplantation 6 h
after IL-1Ra injection, and finally 2 mg/kg IL-1Ra was
again injected via the ear vein at 2 d and 4 d after
surgery.

[19]

Porcine MSCs were isolated as described previously .
Bone marrow aspirates were collected from the iliac
crests. MSCs were separated by density gradient
centrifugation over a Ficoll histopaque layer (20 min,
400 × g, density: 1.077 g/mL) (TBD, Tianjin, China)
and cultured in low-glucose Dulbecco’s modified
Eagle’s medium (Gibco of Thermo Fisher Scientific,
Waltham, MA, United States) supplemented with 10%
fetal bovine serum (Gibco), 100 IU/mL penicillin, and
100 μg/mL streptomycin (Gibco). The non-adherent
cells were removed after the first 24 h incubation,
and medium was changed every 3-4 d. When the
cells reached 80% confluence, they were trypsinized
using 2.5 g/L trypsin-EDTA (Gibco) and replated at a
4
2
density of 1 × 10 /cm for further expansion. The cells
were infected with a lentivirus encoding the gene for
green fluorescent protein (GFP), and the multiplicity
of infection was determined by fluorescence inverted
phase-contrast microscopy and flow cytometry. MSCs
were characterized by flow cytometry (FACScan;
Becton Dickinson, Franklin Lakes, NJ, United States)
with phycoerythrin-conjugated antibodies against
CD29 (VMRD, Pullman, WA, United States), CD44, and
CD90 (Becton Dickinson); isotypic antibodies were
used as controls.
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Blood and serum analysis

Blood samples were collected before and after MSC
transplantation. Venous blood samples were drawn
preoperatively and at 1 d, 3 d, 5 d, 7d, and 14 d
after MSC transplantation (day 0) for biochemical
analysis. Serum levels of ALT, AST, ALP, and γ-GT were
monitored, and the degree of liver function estimated.
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Inflammatory cytokines IL-1β, IL-6, and TNF-α were
also measured by ELISA (Corbett Life Science, Sydney,
Australia) preoperatively, intraoperatively, and at 1 d,
3 d, 5 d, 7 d, and 14 d after MSC transplantation.

PMSF, and 4 mmol/L NaVO4. The protein content
was measured using a Bio-Rad colorimetric protein
assay kit (Bio-Rad Laboratories, Hercules, CA, United
States) and an equal amount of protein was separated
by SDS-PAGE. After separation, the proteins were
electrotransferred onto nitrocellulose membranes
and blotted with primary antibodies against protein
kinase B (Akt), nuclear factor (NF)-κB p65, and β-actin
(EnoGene) at 1:1000 dilutions. The membranes were
washed and exposed to horseradish-peroxidaseconjugated secondary antibody for 1 h, and signals
were finally detected by ECL reagent (GE Healthcare,
Little Chalfont, United Kingdom). The signal band
intensities were analyzed using Image J software and
the results are expressed as fold change relative to the
internal control (β-actin).

Histologic assessment

Seven days after cell transplantation, animal liver
tissues were surgically collected under general
anesthesia. To trace transplanted MSCs, GFP ex
pression in frozen tissue sections was analyzed by
fluorescent microscopy. For histologic analysis, liver
tissue was fixed in 10% neutral-buffered formalin
and embedded in paraffin. Sections of 5-µm thickness
were affixed to slides, deparaffinized, and stained
with hematoxylin and eosin to determine morphologic
changes. Liver injury was histologically interpreted
and scored in all samples. Histopathology was
independently evaluated by three pathologists blinded
to the treatment and scored in terms of steatosis,
necrosis, and inflammation as follows: 0, normal;
1, mild changes; 2, mild to moderate severity;
3, moderate severity; and 4, maximum severity.
The scores were added for each animal to create a
composite score. Sections were photographed with a
Leitz Aristoplan microscope (Wetzlar, Germany). The
slices were subjected for further anti-Ki67 (EnoGene
Biotech Co., Ltd., New York, NY, United States)
immunohistochemical staining. To determine liver cell
proliferation, six high-powered fields from each section
+
were analyzed to obtain an average number of Ki67
cells (Ki67 index).

Statistical analysis

All assays were repeated three times to ensure
reproducibility. Results are expressed as mean ± SD.
Differences between the control and treated groups
were analyzed by Student’s unpaired t test and oneway analysis of variance. The comparison of survival
time was achieved using the Kruskal-Wallis test. For
the survival time, two-tailed P values ≤ 0.05 were
considered as statistically significant. Analyses were
performed with SPSS version 17.0 statistical software
(SPSS Inc., Chicago, IL, United States).

RESULTS
MSC phenotype

Terminal deoxynucleotidyl transferase dUTP nick end
labeling assay

MSCs formed colonies after 24 h of plating when
observed under microscope. They grew rapidly like
fibroblasts, with a single nucleus. After passage 1,
they looked like spindles or asters with a slim body.
However, after passage 4, most of the miscellaneous
cells were eliminated, leaving the uniformly fibroblastlike cells, which were MSCs. Infecting these cells with
lentivirus expressing GFP protein resulted in nearly
complete transfection as observed by fluorescence
microscopy (Figure 1A and B). Flow cytometry revealed
that approximately 97.3% of MSCs were GFP positive
(Figure 1C). In addition, flow cytometry analysis of cell
surface-marker expression demonstrated that > 90%
of GFP-MSCs were positive for CD29, CD44, and CD90
expression (Figure 1D).

Hepatic apoptosis was detected by terminal deoxynu
cleotidyl transferase dUTP nick end labeling (TUNEL)
[21]
assay (BioBox, Nanjing, China) . Paraffin sections
for histologic assessment were deparaffinized,
rehydrated, and then rinsed in PBS. After endogenous
peroxidase activity was blocked by methanol, a
permeability solution (1 g/L Triton X-100 in 0.1%
sodium citrate), TUNEL reaction solution, and Con
verter-POD were added. Each slice was stained by
3,3-diaminobenzidine, and apoptosis was observed
by microscopy. The brown staining in the nucleus
represented apoptotic cells. Three fields were randomly
selected in each slice under high-power field (400
+
×) and the percentage of TUNEL cells was used to
estimate the apoptosis rate.

Survival of swine after ALF

CT examination and reconstruction analysis of the
residual liver volume in the hepatectomized animals
indicated that approximately 85% of the liver was
resected compared with normal swine liver (Figure
2A-D). After hepatectomy, animals displayed typical
liver failure characteristics, such as a prolonged reco
very time, hypobulia, drowsiness, reduced movement,
weak response to stimulation, and emerging ocular
hemorrhage. B-scan ultrasound revealed massive

Western blotting

Western blotting was performed as previously
[22]
described . Seven days after cell transplantation,
surgically collected animal liver tissues were frozen
in liquid nitrogen and lysed with buffer containing 20
mmol/L Tris (pH 7.4), 250 mmol/L NaCl, 2 mmol/L
EDTA (pH 8.0), 0.1% Triton X-100, 0.01 mg/mL
aprotinin, 0.005 mg/mL leupeptin, 0.4 mmol/L
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Figure 1 Characterization of mesenchymal stem cells (MSCs). MSCs transfected with a lentiviral vector encoding green fluorescent protein (GFP) were cultured
for 3 d in vitro and observed by A: Light and B: Fluorescent microscopy (magnification × 200, scale bar = 500 μm); C: Flow cytometry of MSCs revealed > 97%
expressed GFP after propagation; D: Surface markers of the cultured MSCs were identified by flow cytometry: > 90% of GFP-MSCs were positive for CD29 (upper
right), CD44 (lower left) and CD90 (lower right); isotypic antibodies served as the control (upper left).

ascites (Figure 2E).
All swine in the hepatectomy group (no treatment)
died within 25 d after surgery; the average survival
time was 17.3 ± 5.5 d. No abdominal bleeding or
vascular embolism was detected during autopsy
examinations, indicating that animals died from liver
failure and not surgical complications. However, the
25-d survival rates of the treatment group were
33.3%, 66.7%, and 100% in the IL-1Ra group, MSC
transplantation group, and combined therapy group,
respectively, with average survival times of 21.7 ± 4.7
d, 24.3 ± 4.0 d, and 35.3 ± 6.7 d, respectively. The
difference in survival time between the hepatectomy
and combined therapy groups was significant (p <
0.05) (Figure 3).

levels were significantly elevated within 1-14 d after
hepatectomy (all P < 0.05). γ-GT level was significantly
elevated within 3-7 d (p < 0.05 or < 0.01) after
hepatectomy. These data demonstrated that acute liver
injury was successfully achieved after hepatectomy.
Postoperative measurements revealed that the
greatest improvements were found in the combined
therapy group. The serum levels of ALT in the model
group were significantly lower than in the combined
therapy group on days 5 (p < 0.05) and 7 (p < 0.01),
in the IL-1Ra group on day 5 (p < 0.05), and the MSC
transplantation group on day 7 (p < 0.05). Similarly,
the serum levels of AST were significantly lower in the
combined therapy group than in the model group on
days 3, 5, 7, and 14 (p < 0.01), and significantly lower
than in the IL-1Ra and MSC transplantation groups
on days 3 (p < 0.05), 5, and 7 (p < 0.01). The serum
levels of ALP were significantly lower in the combined
therapy group than in the model group on days 3 (p <
0.01), 5, 7, and 14 (p < 0.05), and significantly lower
than in the IL-1Ra and MSC transplantation groups on

Estimation of liver function

Preoperative and serial postoperative measurements
of serum ALT, AST, ALP, and γ-GT are shown in Figure
4. Serum levels of ALT and AST were significantly
elevated within 1-7 d after hepatectomy, whereas ALP
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Figure 2 Imaging evaluation of residual liver volume after hepatectomy. A and B: CT examination; C and D: CT reconstruction analysis indicated that an average
85% of liver was resected; E and F: B-scan ultrasound was performed to examine ascites (A, C, E: Sham-operated swine; B, D, F: Hepatectomized swine).
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of γ-GT in the model group were significantly lower
than in the combined therapy group on days 3 (p <
0.05), 5 (p < 0.01), and 7 (p < 0.05), and lower than
the IL-1Ra group on day 5 (p < 0.05). There was no
significant difference from the MSC transplantation
group.
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Analysis of serum inflammatory cytokines

Following hepatectomy, the levels of inflammatory
cytokines IL-1β, IL-6, and TNF-α increased significantly
in all groups, reaching a peak within 3 d and lasting
> 2 wk before gradually declining (Figure 5). The
combined therapy group had the lowest levels of
inflammatory cytokines, with IL-1β, IL-6 and TNF-α
levels significantly lower than in the model group on
days 1-14 (all p < 0.05). The IL-1Ra group also had
significantly decreased IL-1β levels on days 3-14 (all
p < 0.05), decreased IL-6 levels on days 1-14 (all p <
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Figure 3 Survival rate after partial (85%) liver hepatectomy. IL-1Ra:
Interleukin-1 receptor antagonist; MSC: Mesenchymal stem cell transplantation.
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Figure 4 Serologic analyses. Serum samples collected at various times before (-1 d) and after (1 d, 3, d, 5 d, 7 d, and 14 d) surgery were analyzed for levels of
alanine aminotransferase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), and γ-glutamyl transpeptidase (γ-GT); ap < 0.05, bp < 0.01 compared
with model group. IL-1Ra: Interleukin-1 receptor antagonist; MSC: Mesenchymal stem cell transplantation.

0.05), and decreased TNF-α levels on day 3 (p < 0.05).
MSC transplantation alone had a weaker influence
on inflammatory cytokines, as IL-1β levels were only
significantly decreased on day 14 (p < 0.05), IL-6
levels decreased only on days 3 and 14 (p < 0.05),
and TNF-α levels decreased only on day 3 (p < 0.05).

liver damage, while in contrast, the therapy groups
had less inflammatory cell infiltration and relatively
complete lobular architectures. The combined therapy
group displayed the most apparent improvements
among all the groups. The lobular architecture
could be recognized and liver cells were arranged
radially around the central vein. Liver lobules were
surrounded by interlobular connective tissue, and few
inflammatory cells were observed. Combined therapy
substantially protected against liver injury, relieved
liver sinusoidal dilatation and congestion, and reduced
the level of liver cell degeneration and necrosis (Figure
6E).
After hepatic resection, the pathologic score was
8.17 ± 1.26, which was significantly higher than that
of the sham-operated group (0.33 ± 0.29; p < 0.01)
(Figure 6F). The histopathologic score in the combined
therapy group (3.50 ± 0.87) was significantly
decreased compared with hepatectomized model
group (p < 0.01). However, there was no significant
difference in the IL-1Ra (6.67 ± 1.04) and MSC
transplantation (5.83 ± 0.76) groups (Figure 6F). In
addition, frozen sections of liver tissue were examined
using fluorescence microscopy. The green fluorescent
signal for GFP-MSCs and the blue staining (DAPI)

Histologic analysis

Histopathologic studies of swine liver tissue from
normal sham-operated animals showed that the liver
lobular structure was clear, arranged radially around
the central vein in liver cells, and liver lobules were
separated by slender connective tissue. In biliary
epithelium, no cell degeneration, necrosis, or nonproliferation was observed (Figure 6A). However, liver
tissue samples from the injured model group after
hepatectomy demonstrated diffuse necrosis with
extensive bridging and proliferation of inflammatory
cells around the periportal area. Severe hepatic
necrosis was seen in most of the lobules, along
with hepatic sinusoidal dilatation, congestion, and
hemorrhage. Liver cell necrosis appeared in the
hemorrhagic area. Only a small number of liver
cells remained on the edges of the hepatic lobules
(Figure 6B). This group showed the most severe
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Figure 5 Serum levels of inflammatory cytokines. Serum samples collected at various times (0 d, 1 d, 3, d, 5 d, 7 d, 14 d, and 21 d) after surgery were analyzed
for levels of IL-1β, IL-6, and TNF-α by ELISA. IL: Interleukin; IL-1Ra: IL-1 receptor antagonist; MSC: Mesenchymal stem cell transplantation; TNF: Tumor necrosis
factor.

signal for nuclei were distributed around the hepatic
lobules in the combined therapy group, representing
even distribution of MSCs (Figure 7).

9). The expression of Ki67 was significantly increased
in the hepatectomy group compared with the sham
group (p < 0.05). The Ki67 index was also upregulated
in the MSC transplantation and IL-1Ra groups, but
the differences were not significant. By contrast, Ki67
expression was significantly increased in the combined
therapy group (p < 0.01).

Assessment of hepatic apoptosis and regeneration

To determine the effect of combination therapy on
ALF-related apoptosis, a TUNEL assay was performed
(Figure 8). The cells in the model control group had
many positively stained apoptotic cells that were
round with brown nuclei (Figure 8B). The percentage
of TUNEL-positive cells relative to the total cell count
was used to estimate the apoptosis rate. The number
of apoptotic cells in the sham group was low (0.8%
± 0.2%), while their number significantly increased
following hepatectomy (70.8% ± 3.7%; p < 0.01)
(Figure 8F). Apoptotic cells were also detected in the
combined therapy group (Figure 8E); however, the
apoptosis rate (18.1% ± 2.1%) was significantly lower
compared to the IL-1Ra and MSC transplantation
groups (39.5% ± 1.2% and 54.5% ± 6.0%,
respectively) (p < 0.01) (Figure 8F).
To quantify hepatic regeneration, the expression of
Ki67 was analyzed by immunohistochemistry (Figure
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Analysis of cell signaling

To investigate whether Akt and NF-κB signaling
pathways mediate hepatocyte injury, the expression
levels of these two proteins were assessed by
Western blotting. The expression levels of Akt and
NF-κB were significantly increased in the model
group compared with the sham group (P < 0.05)
(Figure 10). Compared to the model group, the MSC
transplantation group had significantly decreased
expression of NF-κB (p < 0.01), but similar levels of
Akt expression. Conversely, the IL-1Ra group showed
significantly increased Akt expression (p < 0.05), with
no change in NF-κB compared to the model group. In
the combined therapy group, expression levels of both
Akt and NF-κB were significantly different compared to
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Figure 6 Histologic analysis of liver tissues. Hematoxylin and eosin staining of liver sections taken seven days post-hepatectomy in A: Normal, sham-operated
control; B: After hepatectomy (black stars indicate complete necrosis in liver organization; black arrow represents interlobular fiber structure); C: With MSC
transplantation (blue star shows a hepatic lobule near the central part and necrosis of hepatocytes; black arrow shows the fibrous tissue and some inflammatory cell
infiltration); D: Treatment with IL-1Ra (black stars show hemorrhage and necrosis in the hepatic lobe; blue star represents the liver cells in the hemorrhagic area); E:
Combined MSC transplantation and IL-1Ra treatment (black star shows a normal hepatic lobule; black arrows indicate fatty degeneration of hepatocytes and hepatic
sinus dilation with hyperemia in central hepatic lobe) (magnification × 100, scale bar = 100 μm); F: Histopathologic scores of liver tissues after hepatectomy. ap < 0.05
vs hepatectomy + MSCs + IL-1Ra; bp < 0.01 vs hepatectomy. IL-1Ra: Interleukin-1 receptor antagonist; MSC: Mesenchymal stem cell transplantation.
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showed that MSCs possess the ability to differentiate
into hepatocytes, both in vitro and in vivo. However,
despite the ability of MSCs to differentiate, the limited
MSC transplantation efficiency is a major obstacle
due to microcirculatory dysfunction and inflammatory
environment. Proinflammatory mediators, such as IL-1,
IL-2, and TNF-α, create an inflammatory environment
in ALF, leading to reduced survival and differentiation
of the transplanted MSCs, thereby limiting the
[26]
therapeutic role of the transplantation . Increased
levels of proinflammatory cytokines, including IL1β, IL-6, and TNF-α, are seen in all hepatectomized
[27]
animals .
Exogenous IL-1Ra reduces some proinflammatory
mediators, thus providing a better inflammatory
[28]
environment . This results in increased liver cell
proliferation and enhanced MSC transplantation
efficiency. This effect may last at least three weeks with
combined therapy. Indeed, in the combined therapy
group, a continuous reduction in proinflammatory
mediators was observed, which could be attributed
to the disrupted inflammatory cycle caused by IL1Ra in the early phase. This reduction was slightly
ameliorated when MSCs were transplanted alone, but
better results were achieved in the combined therapy
group.
In our study, combined therapy resulted in: (1)
reduction of liver injury biomarkers; (2) improvement
in hepatic functional parameters; and (3) increased
survival, as compared with IL-1Ra or MSC transplantation
alone. Combined therapy improved liver serology
of ALT, AST, ALP, and γ-GT, and provided a longterm survival benefit, observed as a significantly
higher survival time compared to untreated animals.
Furthermore, the histopathologic scores in the
combined therapy group were significantly decreased
compared with those in the model group. Combined
therapy inhibited hepatocellular apoptosis and
promoted liver cell proliferation in swine with ALF,
thereby significantly improving their survival rate.
Higher MSC transplantation efficiency may directly lead
to a higher hepatocyte differentiation rate, proliferation
level, and better liver function. In addition, proliferation
in the combined therapy group was significantly higher
than in the IL-1Ra or MSC transplantation groups
alone. Therefore, we conclude that the combined
therapy group had the best liver function. These
results also suggest that the animals with lower
levels of inflammatory cytokines have a higher MSC
implantation rate. It is therefore important to improve
the efficacy of MSC transplantation and to reduce the
inflammation levels.
We further studied the potential mechanism of
combined therapy in hepatic protection. Although much
is known about the cytokines (hepatocyte priming)
and growth factors (stimulating cell cycle progression)
involved, a link between these two signaling pathways
has yet to be illustrated. Akt has been shown to play

A

DAPI

B

Merge

C

GFP

Figure 7 Fluorescence microscopy of green fluorescent protein (GFP)expressing mesenchymal stem cells. Transplanted cells in the combined
therapy group were distributed around the hepatic lobule (nuclei are stained
blue with DAPI; scale bar = 20 μm).

the model group (p < 0.01).

DISCUSSION
ALF is a severe disease that aggravates liver cell
necrosis. Partial hepatectomy leads to compensatory
hypertrophy and hyperplasia in the remaining lobes
of the liver to replace the lost functional mass.
However, large-scale hepatectomy may cause ALF,
the biggest problem in clinical settings. Bone-marrowderived MSCs may thus be a potential therapeutic
choice, because their mesodermal origin represents
multipotent adult stem cells with the potential for self[23]
[24]
[25]
renewal . Petersen et al
and Schwartz et al
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Figure 8 Assessment of apoptosis seven days after hepatectomy. Apoptotic cells were visualized by TUNEL staining in A: Normal, sham-operated control; B:
After hepatectomy; C: With MSC transplantation; D: Treatment with IL-1Ra; and E: Combined MSC transplantation and IL-1Ra (magnification × 100; scale bar = 20
a
b
μm); F: Percentage of TUNEL-positive cells relative to the total cell count was used to estimate the apoptosis rate. p < 0.05, p < 0.01 vs hepatectomy model group;
d
p < 0.01 vs hepatectomy + MSCs + IL-1Ra combination therapy group. IL-1Ra: Interleukin-1 receptor antagonist; MSC: Mesenchymal stem cell transplantation;
TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling.
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Figure 9 Hepatic cell proliferation. Expression of Ki67 protein was determined by immunohistochemistry in A: Normal, sham-operated control; B: After hepatectomy;
C: With MSC transplantation; D: Treatment with IL-1Ra; and E: Combined MSC transplantation and IL-1Ra (magnification × 100; scale bar = 20 μm); F: Percentage
of Ki67-stained hepatocytes per total number of hepatocytes was used as calculate the Ki67 index. ap < 0.05, bp < 0.01 vs hepatectomy. IL-1Ra: Interleukin-1 receptor
antagonist; MSC: Mesenchymal stem cell transplantation.
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Figure 10 Western blot analysis for expression of Akt and NF-κB after acute liver injury. A: Representative Western blot showing Akt, NF-κB, and β-actin (lane 1,
normal control; lane 2, hepatectomy; lane 3, with IL-1Ra treatment; lane 4, with MSC transplantation; lane 5, with MSC transplantation and IL-1Ra treatment. B: Band
densitometry was expressed as fold change relative to the internal control (n = 6). ap < 0.05, bp < 0.01 vs hepatectomy. Akt: Protein kinase B; IL-1Ra: Interleukin-1
receptor antagonist; MSC: Mesenchymal stem cell transplantation; NF-κB: Nuclear factor κB.
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Figure 11 Schematic illustrating the proposed dual mechanism of action of combination therapy. (1) Inhibition of NF-κB leads to decreased IL-1, IL-6,
and TNF-α expression, which appears to be the central mechanism by which IL-1Ra combines with MSC transplantation to promote regeneration of liver cells.
(2) Upregulation of Akt expression due to EGF and TGF-α growth factors induces hepatocyte survival, DNA synthesis, and cell division. Cytokines, including IL-1,
IL-6, and TNF-α, are secreted by nonparenchymal cells, such as Kupffer cells and sinusoidal epithelial cells, following hepatectomy. Exogenous IL-1Ra blocks IL1R, reducing proinflammatory mediators, and enhancing MSC transplantation efficiency. This benefits initial priming of hepatocytes, with the transition of quiescent
hepatocytes from the G0 to G1 stage of the cell cycle. Effective MSC transplantation may induce upregulation of growth factors such as hepatocyte growth factor,
EGF and TGF-α, which promote Akt signaling pathways, producing an antiapoptotic effect and benefiting liver regeneration. Akt: Protein kinase B; EGF: Epidermal
growth factor; IL: Interleukin; IL-1Ra: IL-1 receptor antagonist; MSC: Mesenchymal stem cell transplantation; NF-κB: Nuclear factor κB; TGF: Transforming growth
factor; TNF: Tumor necrosis factor.

an important role in the compensatory recovery of
liver mass following resection by regulating hepatocyte
[29]
hypertrophy . In addition to its role in leukocyte
trafficking, signaling and phagocytosis, Akt also plays
an important role in cell survival and proliferation.
Similarly, elevation of Akt expression in the combined
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therapy group in our study supports higher liver cell
proliferation and inhibition of apoptosis.
Hepatectomy-induced liver injury results in increased
hepatocellular apoptosis as well as inflammation.
This strongly inhibits the therapeutic effect of MSC
transplantation. Effective MSC transplantation may

4132

April 28, 2016|Volume 22|Issue 16|

Sang JF et al . MSCs and IL-1Ra in ALF
induce secretion of growth factors that participate in
the priming phase of liver regeneration, which makes
hepatocytes responsive to growth factors such as
hepatocyte growth factor, epidermal growth factor, and
transforming growth factor-α, and promotes hepatocyte
[30]
replication and liver growth in vivo . Pathways such
as Akt signaling are central to protecting hepatocytes
from apoptosis and to enhanced hepatic repair after
liver injury. Inactivation of the Akt pathway results in
[31]
delayed liver regeneration in mice . The antiapoptotic
effect of the Akt signaling pathway is via activation of
Bcl-2, which in turn inhibits the apoptotic mediator,
[32]
caspase-3 .
The production of cytokines is a consequence of
extensive liver necrosis as well as infection/sepsis,
which frequently complicates ALF. Hepatectomy
leads to increased levels of endotoxin in the portal
circulation, thereby activating Kupffer cells to produce
[33]
toxic mediators that cause liver injury . Transcription
factor NF-κB, a key regulator of genes involved in
inflammation, is activated by endotoxin or oxidative
stress, which results in its translocation to the nucleus
[34]
and subsequent transcription of target genes .
NF-κB has long been considered as a prototypical
proinflammatory signaling molecule, largely due to the
activation of NF-κB by proinflammatory cytokines such
as IL-1 and TNF-α. In the present study, hepatectomy
caused a compensatory increase in Akt and NF-κB
expression. However, combined therapy decreased NFκB levels, which likely then results in reduced expression
of genes involved in inflammation, an effect that is
important for MSC transplantation and liver regeneration
after hepatectomy. It is generally considered that
inhibition of apoptosis and promotion of cell proliferation
are possible major outcomes of intraportal MSC
transplantation with IL-1Ra administration.
As Akt and NF-κB are important regulators of
hepatic regeneration following partial hepatectomy,
we propose a dual-action mechanism for combination
therapy involving these two signaling molecules:
(1) inhibition of NF-κB leads to decreased IL-1,
IL-6, and TNF-α expression, which results in better
MSC transplantation with IL-Ra administration, thus
promoting regeneration of liver cells; (2) upregulation
of Akt expression due to growth factors (hepatocyte
growth factor, epidermal growth factor, transforming
growth factor-α) induces hepatocyte survival, DNA
synthesis and cell division (Figure 11).
In summary, combination therapy appears to
be superior to MSC transplantation alone. Our data
revealed that combination therapy could improve liver
function, inhibit apoptosis, and prolong the survival
time of swine with ALF. The transplanted MSCs may
quickly participate in liver regeneration by promoting
proliferation and inhibiting apoptosis during the initial
stage of ALF, after the IL-1 inflammation signaling
pathway is blocked by IL-Ra. Combination therapy
with IL-1Ra and MSC transplantation, which enables
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restoration from acute liver injury and reconstruction
in swine, is a promising treatment option for patients
with ALF. This increased understanding of the liver
regeneration cascade in MSC transplantation combined
with IL-1Ra administration could lead to improved
clinical outcomes for treatment of acute or chronic liver
failure.

COMMENTS
COMMENTS
Background

Acute liver failure (ALF) is characterized by severe liver cell damage caused
by virus infection, drugs, toxins, alcohol, or hepatectomy. ALF leads to hepatic
encephalopathy, hepatorenal syndrome, severe infection, multiple organ failure,
and even death. Combating ALF requires either reduction of liver cell necrosis
or stimulation of liver cell regeneration. So far, liver transplantation is the
most effective treatment for ALF. However, it has its own limitations, including
severe donor shortage, numerous complications, immune rejection, use of
immunosuppressive agents, and high medical costs.

Research frontiers

In recent years, therapy with stem cells has become a new area of investigation
for ALF treatment. This is mainly attributable to their abundant availability,
low immunogenicity, and potential of differentiating into hepatocyte-like cells.
Experimental studies have demonstrated that microcirculatory dysfunction and
an inflammatory environment are determinants of ALF, and proinflammatory
mediators such as interleukin (IL)-1, IL-2, and tumor necrosis factor-α are the
key players in ALF.

Innovations and breakthroughs

In this study, the authors hypothesized that reducing inflammation in the
acutely injured liver can benefit the efficacy of mesenchymal stem cell (MSC)
transplantation in ALF patients. IL-1 receptor antagonist (IL-1Ra) was injected
to reduce liver inflammation, in addition to MSC transplantation through the
portal vein in a swine model of ALF. The liver functions before and after MSC
transplantation with or without IL-Ra were compared by measuring the changes
in serum levels of alanine aminotransferase, aspartate transaminase, alkaline
phosphatase, and γ-glutamyl transpeptidase. In addition, pathologic injury and
hepatic cell apoptosis were also examined.

Applications

This study revealed that combination therapy improves liver function, inhibits
apoptosis, and prolongs the survival of swine with ALF. The transplanted MSCs
may quickly participate in liver regeneration by promoting proliferation and
inhibiting apoptosis during the initial stage of ALF, after the IL-1 inflammation
signaling pathway is blocked by IL-Ra. Combination therapy with IL-1Ra and
MSC transplantation, which enables restoration from acute liver injury and
reconstruction in swine, is a promising treatment option for patients with ALF
in the future. This enhanced understanding of the liver regeneration cascade
in MSC transplantation combined with IL-1Ra administration could lead to
improved clinical outcomes for the treatment of acute or chronic liver failure.

Terminology

IL-1Ra is a natural IL-1 antagonist that can block the inflammatory process by
competitively binding to the IL-1 receptor with equal avidity to IL-1. It inhibits the
stimulation of downstream signaling and thereby reduces inflammation.

Peer-review

This study provided a new way to restore or treat ALF. The result of the study
showed that combination therapy with MSCs and IL-1Ra can increase liver
regeneration after hepatectomy in a swine model of ALF. The study appears
promising and demonstrates the preclinical application of MSCs.
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Abstract
AIM: To investigate the protective efficacy of recom
binant adenovirus containing hyper-interleukin-6 (HyperIL-6, HIL-6) and hepatocyte growth factor (HGF) (AdHGF-HIL-6) compared to that of recombinant adenovirus
containing either HIL-6 or HGF (Ad-HIL-6 or Ad-HGF) in
rats with acute-on-chronic liver failure (ACLF).

Institutional animal care and use committee statement:
All of the procedures involving animals were reviewed and
approved by the Institutional Animal Care and Use Committee of
the Ethical Committee on Animal Experiments at First Affiliated
Hospital of Chongqing Medical University (Chongqing, China)
with the reference number 2015-3.

METHODS: The recombinant adenoviruses containing
HIL-6 and/or HGF were constructed. We established
an ACLF model, and rats were randomly assigned
to control, model, Ad-GFP, Ad-HIL-6, Ad-HGF or AdHGF-HIL-6 group. We collected serum and liver tissue
samples to test pathological changes, biochemical
indexes and molecular biological indexes.

Conflict-of-interest statement: The authors declare no conflict
of interest.
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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RESULTS: Attenuated alanine aminotransferase,
prothrombin time, high-mobility group box 1 (HMGB1),
endotoxin, tumour necrosis factor (TNF)-α and interferon-γ
were observed in the Ad-HGF-, Ad-HIL-6- and Ad-HGFHIL-6-treated rats with ACLF. Likewise, reduced hepatic
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damage and apoptotic activity, as well as reduced
HMGB1 and Bax proteins, but raised expression of
Ki67 and Bcl-2 proteins and Bcl-2/Bax ratio were also
observed in the Ad-HGF-, Ad-HIL-6- and Ad-HGF-HIL-6treated rats with ACLF. More significant changes were
observed in the Ad-HGF-HIL-6 treatment group without
obvious side effects. Furthermore, caspase-3 at the
protein level decreased in the Ad-HIL-6 and Ad-HGFHIL-6 treatment groups, more predominantly in the
latter group.

Key words: Acute-on-chronic liver failure; Recombinant
adenovirus; Hyper-interleukin-6; Hepatocyte growth
factor; Inflammatory cytokines

interleukin-6 (Hyper-IL-6, HIL-6) is an artificial
protein involving IL-6 connected with a variant of
glycoprotein 80 (soluble interleukin 6 receptor, sIL6R) by an artificial short linker. HIL-6 is a steady
protein expressing biological activity dozens of times
or even one thousand times stronger than that of
[5]
IL-6/sIL-6R complex in vitro or in vivo . HGF initiates
liver regeneration after liver excision or chemical
[6-8]
injuries
. The coadministration of IL-6 and HGF
most effectively raised both the weight of unoccluded
lobes and the DNA synthesis of hepatocytes in animals
that underwent portal branch ligation (PBL) of the
[9]
median branches and left lateral , suggesting a
possible synergistic effect of these two factors. Our
study assessed the protective effect of recombinant
adenovirus containing HIL-6 and HGF compared to
that of recombinant adenovirus containing either HIL-6
or HGF in an ACLF rat model.

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

MATERIALS AND METHODS

CONCLUSION: This study identifies that the protective
efficacy of Ad-HGF-HIL-6 is more potent than that of
Ad-HGF or Ad-HIL-6 in ACLF rats, with no significant
side effects.

HEK293 cell culture

Core tip: The purport of our study was to analyse
the protective efficacy of recombinant adenovirus
containing hyper-interleukin-6 (Hyper-IL-6, HIL-6)
and hepatocyte growth factor (HGF) (Ad-HGF-HIL-6)
compared to that of recombinant adenovirus HIL-6
or HGF (Ad-HIL-6 or Ad-HGF) in rats with acute-onchronic liver failure (ACLF). In summary, our results
suggest that Ad-HGF-HIL-6 may confer a more powerful
protective effect against ACLF than do Ad-HGF or AdHIL-6 in rats and can restrain the secretion of diverse
inflammatory cytokines and reduce the apoptosis of
hepatocytes. Ad-HGF-HIL-6 is likely to be a feasible
protective therapy for serious liver injury.

HEK (Human Embryonic Kidney) 293 is a cell line
derived from human embryonic kidney cells grown in
tissue culture. This particular line was initiated by the
transformation and culturing of normal HEK cells with
sheared adenovirus 5 DNA. HEK293 cells are used
to produce viruses for biomedical research purposes.
We culture the cell line in Dulbecco’s modified Eagle’s
medium (Hyclone, Logan, UT, United States) supple
mented with 10% foetal calf serum (Hyclone, Logan,
UT, United States). Being cultured at 37 ℃ in 5% CO2
provided a favorable growth environment for HEK293
cells. Medium was renewed 2-3 times a week, and cell
5
5
counting was kept between 1 × 10 and 3 × 10 cells
per millilitre.

Gao DD, Fu J, Qin B, Huang WX, Yang C, Jia B. Recombinant
adenovirus containing hyper-interleukin-6 and hepatocyte growth
factor ameliorates acute-on-chronic liver failure in rats. World J
Gastroenterol 2016; 22(16): 4136-4148 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i16/4136.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i16.4136

Adenovirus vector and genes

Adenovirus vector GV314 (pDC315-3FLAG-sv40EGFP) was used in this study. The vector and the
primers for amplifying the Hyper-IL-6, HGF or HGFIRES-Hyper-IL-6 ORF were purchased from Genechem
Incorporation, Shanghai, China. pDC315-3FLAG-sv40HGF-EGFP (Ad-HGF), pDC315-3FLAG-sv40-HyperIL-6-EGFP (Ad-HIL-6) and pDC315-3FLAG-sv40HGF-IRES-Hyper-IL-6-EGFP (Ad-HGF-HIL-6) were
[10]
constructed as previously described . An ‘‘empty’’
vector pDC315-3FLAG-sv40-EGFP (Ad-GFP) was used
as a negative control. The recombinant adenoviruses
were greatly propagated with HEK293 cells for
enhancing titre. Viruses for animal experimentation
were purified by caesium chloride gradients as
[11]
previously described .

INTRODUCTION
Acute-on-chronic liver failure (ACLF) refers to the
patients with chronic liver diseases that have the
raised perils of multiple organ failure or death following
one or a few precipitating incidents, such as infection
or bleeding. It still lacks an effective treatment so far.
Viral vectors have been engineered for gene therapy
[1,2]
against various types of infectious diseases . The
adenovirus vector has become the ideal vehicle for
[3]
liver diseases due to its hepatotropism .
Previous studies have reported that IL-6 plays a
critical and unique role during the process of early[4]
stage hepatic regeneration response . Hyper-
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Animals

Female Sprague-Dawley rats weighing 150-170 g
were purchased from the Experimental Animal Centre
of Chongqing Medical University (Chongqing, China).
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[12]

Housing conditions were as detailed previously . All
rats were given humanitarian care in conformity to the
international guidelines.

of liver specimens were treated with 10% neutral
formalin. Paraffin-embedded specimens were cut into
5 µm sections and stained with haematoxylin and
eosin (HE). The extent of injury was determined by the
[14]
criteria as the literature described.
Ki67-related antigen is mainly localized in the
nucleus by immunohistochemistry. The proliferation
of hepatocytes was evaluated by Ki67-staining. After
deparaffinised, sections were incubated in a prediluted
monoclonal anti-Ki67 antibody (Roche Ventana) on an
automatized medical system (BenchmarkXT, Ventana)
utilizing a diaminobenzidin detection kit (Ventana/
VIEW 3,30) based on the manufacturer’s instructions.

Induction of ACLF in rats

An ACLF rat model was performed as formerly
[13]
depicted . Briefly, human serum albumin (HAS;
Octapharma m.b.H, Austria) was compounded with
physiological saline in the proportion of 8 g/L and
then emulsified with incomplete Freund’s adjuvant
of an equal amount. The rats received 0.5 mL of
the prepared solution by multipoint subcutaneous
injections four times in total (The first two times had a
14-d interval, and a 10-d intervals between the latter
two). After that, the rats were given 4 mg HSA by tail
intravenous injection twice in one week for a total of 6
wk. Finally, we induced ACLF in rats by intraperitoneal
injection of D-galactosamine (D-GalN; 400 mg/kg)
with lipopolysaccharide (LPS; 100 µg/kg) (SigmaAldrich Co., United States).

Determinations of hepatocyte apoptosis by TUNEL
assay

A detection kit (In Situ Cell Death Kit; Roche Diagnostics
GmbH, Mannheim, Germany) was employed for
accurate evaluation of the typical biochemical and
morphological characteristics of apoptosis. We used
proteinase K to treat paraffin-embedded liver sections,
and so, hydrogen peroxide hampered the endogenous
peroxidase activity. The sections were incubated in a
terminal TdT/nucleotide compound at 37 ℃ for 1 h.
Following that, the slides were washed in phosphatebuffered saline. Nuclear labeling was performed with
horseradish peroxidase and diaminobenzidine. We
performed counterstaining using hematoxylin. The
apoptotic cells were observed and photographed
under an optical microscope (Positive cells were dyed
brown in nuclei.). Apoptosis was determined in eight
liver samples of each group by counting 1000 cells
from five sections of each sample. The percentage of
positive cells was used to present apoptosis rates (%).

Experimental design

All the rats were divided into a control group (normal
rats, n = 16), a model group (ACLF model rats, n =
16), an Ad-GFP group (Ad-GFP treated ACLF rats, n =
42), an Ad-HIL-6 group (Ad-HIL-6 treated ACLF rats,
n = 42), an Ad-HGF group (Ad-HGF treated ACLF
rats, n = 42), and an Ad-HGF-HIL-6 group (Ad-HGFHIL-6 treated ACLF rats, n = 42). Adenoviruses were
administered by caudal vein injection at a dose of 1 ×
10
10 viral particles in 100 µl (diluted with physiological
saline) 3 h after the ACLF model had been induced.
Meanwhile, the rats of the control and model groups
received physiological saline by tail intravenous
injection. The time of administration of adenovirus was
marked as baseline (0 time point). Rats of all of the
groups were sacrificed randomly for hepatic tissue and
blood collection after adenovirus or physiological saline
had been given for 24 h and 48 h.

Determinations of HMGB1, Bcl-2, Bax and caspase-3
proteins by Western blot

Briefly, proteins extracted from liver samples were
subjected to 10% SDS-PAGE, and transferred to
PVDF membranes for 2 h. Western blots were
then performed in accordance with a method pre
[15]
viously described . Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH; Santa Cruz Co., United
States) was used as a control. Anti-HMGB1 antibody
was purchased from Abcam Co., United Kingdom;
Anti-caspase-3, -Bcl-2 and -Bax antibodies were
purchased from CST Co., United States. Finally, an
Odyssey infrared imaging system (LI-COR Co.) was
used to detect the signals.

Determinations of serum and plasma samples

An Automatic Hitachi Analyzer (Hitachi Inc., Japan)
was utilized to test serum alanine aminotransferase
(ALT). We also chose to avail of plasma prothrombin
time (PT) to determine liver function. Serum endotoxin
was tested with a commercial kit (Houshiji, Xiamen,
China) in accordance with the instructions of the kit.
ELISA kits (HMGB1 ELISA kit was purchased from
Westang Co., China, tumour necrosis factor (TNF)-α
and interferon (IFN)-γ ELISA kits were purchased
from EBioscience Co., United Kingdom, respectively)
were employed to measure serum levels of HMGB1,
TNF-α and IFN-γ on the basis of the manufacturer’s
instructions.

Real-time quantitative PCR for detection of Hyper-IL-6
and HGF

Trizol reagent (Invitrogen Co., United States) was used
to extract total RNA from liver samples in accordance
with the manufacturer’s recommendations. Total
RNA was reverse-transcribed employing a reagent kit
(PrimeScript RT; TaKaRa Co. Ltd., Dalian, China) in
accordance with standard instructions. The expression

Histopathology and immunohistochemistry

We used light microscopy to assess the histopath
ological changes of the liver. Parts of the right lobe

WJG|www.wjgnet.com
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GFP group at 24 h: 31.89 ± 3.88 s, 1255.25 ± 156.52
IU/L, 1121.35 ± 35.94 pg/mL, 0.048 ± 0.003 EU/mL,
260.07 ± 50.23 pg/mL and 174.70 ± 15.99 pg/mL,
respectively; 48 h: 40.87 ± 5.13 s, 3034.15 ± 156.52
IU/L, 1810.71 ± 138.75 pg/mL, 0.051 ± 0.001 EU/
mL, 357.81 ± 14.17 pg/mL and 267.53 ± 10.68 pg/
mL, respectively) showed no statistical discrepancy at
the two time points (p > 0.05).
Compared to the Ad-GFP group, plasma PT, serum
ALT, HMGB1, endotoxin and IFN-γ were markedly
lower in the Ad-HGF group (24 h: 25.95 ± 2.16 s,
285.00 ± 29.05 IU/L, 973.14 ± 46.55 pg/mL, 0.039
± 0.001 EU/mL, 133.02 ± 15.13 pg/mL, respectively,
p < 0.01; 48 h: 31.98 ± 5.79 s, 1342.87 ± 325.09
IU/L, 1233.17 ± 24.63 pg/mL, 0.046 ± 0.003 EU/mL,
193.64 ± 9.16 pg/mL, respectively, p < 0.01), AdHIL-6 group (24 h: 26.98 ± 2.22 s, 310.75 ± 24.38
IU/L, 1026.41 ± 49.25 pg/mL, 0.043 ± 0.002 EU/mL,
150.07 ± 20.60 pg/mL, respectively, p < 0.01; 48
h: 30.66 ± 4.87 s, 1127.54 ± 217.88 IU/L, 1303.32
± 107.31 pg/mL, 0.051 ± 0.002 EU/mL, 205.64 ±
9.18 pg/mL, respectively, p < 0.01) and Ad-HGFHIL-6 group (24 h: 19.88 ± 4.72 s, 227.38 ± 32.78
IU/L, 925.67 ± 32.95 pg/mL, 0.036 ± 0.002 EU/mL
and 111.87 ± 11.24 pg/mL, respectively, p < 0.01;
48 h: 23.77 ± 5.31 s, 578.87 ± 87.47 IU/L, 1093.40
± 35.86 pg/mL, 0.041 ± 0.001 EU/mL and 163.97 ±
12.89 pg/mL, respectively, p < 0.01) at 24 h and 48 h,
and the changes were more predominant in the latter
group at two time points (p < 0.05). Serum TNF-α
also decreased in ACLF rats with the administration
of Ad-HGF-HIL-6 (24 h: 166.43 ± 22.20 pg/mL; 48
h: 279.68 ± 30.31 pg/mL), Ad-HGF (24 h: 191.11 ±
28.30 pg/mL; 48 h: 302.13 ± 12.69 pg/mL) or AdHIL-6 (24 h: 203.76 ± 13.73 pg/mL; 48 h: 313.52 ±
27.39 pg/mL) compared to rats in the Ad-GFP group
(24 h: 257.84 ± 29.85 pg/mL, 48 h: 357.81 ± 14.17
pg/mL; p < 0.01) at 24 h and 48 h. A greater effect
in reducing serum levels of TNF-α of ACLF rats was
observed from the administration of Ad-HGF-HIL-6
compared to Ad-HIL-6 (p < 0.05), but serum TNF-α
between the Ad-HGF-HIL-6 group and Ad-HGF group
or between the model group (24 h: 260.07 ± 50.23
pg/mL, 48 h: 356.86 ± 14.34 pg/mL) and Ad-GFP
group had no significant differences (p > 0.05).

Table 1 Primers for real-time PCR
Gene
Hyper
IL-6

Primer sequences
Forward: 5'-GTCAGATCTATGCTGGCCGTCGGCTGC-3'

Reverse: 5'-CCGGAATTCCTACATTTGCCGAAGAGCCCTC-3'
Forward: 5’-ATGATGTGGGGGACCAAA-3’
Reverse: 5’-CAACTTGTATGTCAAAATTACTTTGTG-3’
Forward: 5’-TGACGAGGCCCAGAGCAAGA-3’
β-actin
Reverse: 5’-ATGGGCACAGTGTGGGTGAC-3’
HGF

of the target genes in the liver was detected with SYBR
Premix Ex TaqTM (Takara, Otsu, Japan), and a Real-Time
PCR system (ABI PRISM 7500; Applied Biosystems,
United States) was employed to perform the procedure.
Designing specific primers for HIL-6, HGF and β-actin
originated from known human sequences (Table 1)
was performed using Oligo 7.0 Software. The PCR
procedure for HIL-6, HGF and β-actin was composed
of 95 ℃ for 10 min, 40 cycles of 94 ℃ for 5 s, 55 ℃ for
30 s and 72 ℃ for 30 s, and then 94 ℃ for 15 s. The
data were collected automatically using the LightCycler
(Roche, Switzerland), and then the value of the
threshold cycle (Ct) was analysed on the basis of the
-ΔΔCt
[16]
2
method .

Statistical analysis

The Kruskal-Wallis test was used to analyse histopathological
score, Ki67 proliferation index and apoptosis rates (%)
in our study. Two-way analysis of variance followed
by Tukey’s Honestly Signiﬁcant Difference (HSD) test
for independent samples was adopted to evaluate the
other parameters in this study. We used SPSS 19.0 to
perform statistical analysis, and regarded a P-value <
0.05 as having statistical significance.

RESULTS
Effect of recombinant adenovirus containing Hyper-IL-6
and HGF on plasma PT, serum ALT, HMGB1, endotoxin,
TNF-α and IFN-γ

As shown in Figure 1, plasma PT, serum ALT, HMGB1,
endotoxin, TNF-α and IFN-γ of the control group were
10.34 ± 0.69 s, 48.88 ± 7.29 IU/L, 454.15 ± 18.45
pg/mL, 0.013 ± 0.001 EU/mL, 59.85 ± 14.45 pg/mL
and 46.21 ± 6.18 pg/mL at 24 h, and 9.69 ± 1.10
s, 51.77 ± 9.56 IU/L, 465.76 ± 46.84 pg/mL, 0.013
± 0.001 EU/mL, 59.84 ± 6.94 pg/mL and 58.20 ±
15.04 pg/mL at 48 h, respectively. Plasma PT, serum
ALT, HMGB1, endotoxin, TNF-α and IFN-γ increased
significantly in the model group at 24 h and 48 h (24
h: 34.71 ± 2.79 s, 1206.13 ± 154.29 IU/L, 1115.02 ±
33.58 pg/mL, 0.049 ± 0.002 EU/mL, 257.84 ± 29.85
pg/mL and 172.17 ± 16.12 pg/mL, respectively, p <
0.01; 48 h: 42.76 ± 4.77 s, 2889.34 ± 305.46 IU/L,
1817.57 ± 121.50 pg/mL, 0.061 ± 0.002 EU/mL,
356.86 ± 14.34 pg/mL and 268.79 ± 8.34 pg/mL,
respectively, p < 0.01) compared to the control group,
however, the model group and the Ad-GFP group (Ad-

WJG|www.wjgnet.com

Effect of recombinant adenovirus containing Hyper-IL-6
and HGF on liver histopathology and Ki67 expression

HE staining revealed neither the necrosis nor the
degeneration of hepatic lobule in the liver samples of
the control group (Figure 2). However, widespread
necrosis was detected in the model and Ad-GFP
groups, whereas histology of samples was significantly
ameliorated in rats of all of the recombinant adenovirus
(not including Ad-GFP) treatment groups, which displayed
an obvious diminish of inflammatory cell infiltration,
amelioration of liver cell swelling, and less pyrenolysis.
These changes were more obvious in the Ad-HGFHIL-6 group. The histopathological score comparison is
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Figure 1 Effect of pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP on the hepatic enzyme, prothrombin time, inflammatory cytokines, serum endotoxin
and high mobility group box-1 in a rat acute-on-chronic liver failure model compared to those of pDC315-3FLAG-sv40-HGF-EGFP or pDC315-3FLAGsv40-Hyper-IL-6-EGFP. A: Alanine transaminase (ALT); B: prothrombin time (PT); C: Tumour necrosis factor-α (TNF-α); D: Interferon-γ (IFN-γ); E: Endotoxin; F:
High mobility group box-1 (HMGB1). aP < 0.05 vs Ad-GFP treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HIL-6 treated, eP < 0.05 vs Ad-HGF treated. The results are
expressed as the mean ± SD, n = 6. control: Normal liver; model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40-Hyper-IL-6EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP.

presented in Figure 2.
We stained the nuclear Ki67 of hepatocytes (Figure
3). As shown in Figure 3, the expression of Ki67 was
higher in the Ad-HGF group (24 h: 6.27%; 48 h:
5.29%), Ad-HIL-6 group (24 h: 5.94%; 48 h: 4.90%)
and Ad-HGF-HIL-6 group (24 h: 11.95%; 48 h:
9.10%) compared to the Ad-GFP group (24 h: 0.17%
; 48 h: 0.11%; p < 0.01) at 24 h and 48 h, and the
expression of Ki67 was more predominant in the AdHGF-HIL-6 group at both two time points (p < 0.05).

WJG|www.wjgnet.com

However, the expression of Ki67 in the model group (24
h: 0.13%; 48 h: 0.09%) had no statistical significance
compared to the Ad-GFP group at the two time points (p
> 0.05).

Effect of recombinant adenovirus containing Hyper-IL-6
and HGF on hepatic apoptosis

As shown in Figure 4, TUNEL assay displayed that
apoptotic cells had irregular and condensed nuclei, and
the nuclei was brown-stained. Apoptosis could scarcely

4140

April 28, 2016|Volume 22|Issue 16|

Gao DD et al . Rat model of acute-on-chronic liver failure

A

B

C

D

E

F

G

H

I

J

K

L

10

Histopathological score

8

Control
Model
Ad-GFP
Ad-HIL-6
Ad-HGF
Ad-HGF-HIL-6

b
b

6
a

a

a

a
a, c, e

4

a, c, e

2

0

24 h

48 h

Figure 2 Effect of pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP on liver histology (HE staining, original magnification × 100) compared to those of
pDC315-3FLAG-sv40-HGF-EGFP or pDC315-3FLAG-sv40-Hyper-IL-6-EGFP and comparison of histopathological scores for all types of treated liver. Arrow
indicates an apoptotic or necrotic cell. aP < 0.05 vs Ad-GFP treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HIL-6 treated, and eP < 0.05 vs Ad-HGF treated. The results
are expressed as the mean ± SEM, n = 8. control: normal liver; model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40-HyperIL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP; A: Control at 24 h; B: Model at 24 h; C:
Ad-GFP at 24 h; D: Ad-HIL-6 at 24 h; E: Ad-HGF at 24 h; F: Ad-HGF-HIL-6 at 24 h; G: Control at 48 h; H: Model at 48 h; I: Ad-GFP at 48 h; J: Ad-HIL-6 at 48 h; K: AdHGF at 48 h; L: Ad-HGF-HIL-6 at 48 h.
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Figure 3 Effect of pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP on Ki67 proliferation index (immunohistochemistry, original magnification × 200)
compared to those of pDC315-3FLAG-sv40-HGF-EGFP or pDC315-3FLAG-sv40-Hyper-IL-6-EGFP and quantification for Ki67+ hepatocytes versus total
counted cells for all types of treated liver. aP < 0.05 vs Ad-GFP treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HIL-6 treated, eP < 0.05 vs Ad-HGF treated. The results
are expressed as the mean ± SEM, n = 8. Arrow is a Ki67+ cell. control: normal liver; model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC3153FLAG-sv40-Hyper-IL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; and Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP; A: Control at 24
h; B: Model at 24 h; C: Ad-GFP at 24 h; D: Ad-HIL-6 at 24 h; E: Ad-HGF at 24 h; F: Ad-HGF-HIL-6 at 24 h; G: Control at 48 h; H: Model at 48 h; I: Ad-GFP at 48 h; J:
Ad-HIL-6 at 48 h; K: Ad-HGF at 48 h; L:Ad-HGF-HIL-6 at 48 h.
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Figure 4 Effect of pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP on apoptotic index by TUNEL assays (Images are represented at × 400 magnification)
compared to those of pDC315-3FLAG-sv40-HGF-EGFP or pDC315-3FLAG-sv40-Hyper-IL-6-EGFP and comparison of the apoptosis rates (%) for all types of
treated liver. Arrow indicates an apoptotic cell. aP < 0.05 vs Ad-GFP treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HIL-6 treated, and eP < 0.05 vs Ad-HGF treated. The
results are expressed as the mean ± SEM, n = 8. Control: normal liver; model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40Hyper-IL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP; A: Control at 24 h; B: Model at 24
h; C: Ad-GFP at 24 h; D: Ad-HIL-6 at 24 h; E: Ad-HGF at 24 h; F: Ad-HGF-HIL-6 at 24 h; G: Control at 48 h; H: Model at 48 h; I: Ad-GFP at 48 h; J: Ad-HIL-6 at 48 h; K:
Ad-HGF at 48 h; L:Ad-HGF-HIL-6 at 48 h.
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A Control

decreased the levels of Bax and caspase-3 proteins
compared to Ad-GFP (p < 0.05), and the effect of
Ad-HGF-HIL-6 treatment was more obvious (p <
0.05). The levels of Bax protein in the Ad-HGF group
were lower than those of the Ad-GFP group (1.12 ±
0.27, p < 0.01) but significantly higher than those of
the Ad-HGF-HIL-6 group (p < 0.05). However, AdHGF treatment failed to decrease the expression of
caspase-3 protein levels (0.59 ± 0.22) compared to
Ad-GFP (p > 0.05). Bcl-2 protein of the model group
(0.24 ± 0.03) was remarkably lower than that of the
control group (1.85 ± 0.40, p < 0.01). The Ad-HIL-6
(0.54 ± 0.19), Ad-HGF (0.81 ± 0.20) and Ad-HIL-6HGF (0.93 ± 0.41) treatments dramatically enhanced
Bcl-2 protein expression compared to Ad-GFP (p <
0.01), and the effect of Ad-HGF-HIL-6 was more
obvious (p < 0.05). The trends of Bcl-2/Bax (protein
levels; ratio) in each group were consistent with those
of Bcl-2. In addition, Bcl-2 protein and Bcl-2/Bax
displayed no statistical discrepancy between the model
and Ad-GFP groups (p > 0.05).

Model Ad-GFP Ad-HIL-6 Ad-HGF Ad-HGF-HIL-6
Bcl-2

Bax

GAPDH

B

Control

Model Ad-GFP Ad-HIL-6 Ad-HGF Ad-HGF-HIL-6
Caspase-3
GAPDH

C

Control

Model Ad-GFP Ad-HIL-6 Ad-HGF Ad-HGF-HIL-6
HMGB1
GAPDH

Hyper-IL-6 and HGF gene expression

As shown in Figure 7, real-time quantitative PCR
revealed that the expression of HIL-6 or HGF mRNA
in the liver samples in the Ad-HIL-6 or Ad-HGF group
had no significant difference compared to the Ad-HGFHIL-6 group (HIL-6: 4.27 ± 3.69 vs 4.92 ± 1.34, HGF:
1.68 ± 5.13 vs 2.56 ± 7.79; p > 0.05) and had a very
small intersection of false-positive expression in the
control (HIL-6: 1.02 ± 0.27, HGF: 1.01 ± 0.21; p <
0.01), model (HIL-6: 0.64 ± 0.28, HGF: 0.57 ± 0.04;
p < 0.01), Ad-GFP (HIL-6: 1.08 ± 0.15, HGF: 0.64 ±
0.16; p < 0.01), HIL-6 (HGF: 0.63 ± 0.25; p < 0.01)
and HGF (HIL-6: 0.49 ± 0.01; p < 0.01) groups.

Figure 5 Western blot assays showing the protein expression of Bcl-2,
Bax, Caspase-3 and HMGB1 for all types of treated liver. n = 6. A: Bcl-2,
Bax; B: Caspase-3; C: HMGB1. control: normal liver; Model: ACLF liver; AdGFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40-Hyper-IL6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; Ad-HGF-HIL-6: pDC3153FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP. ACLF: Acute-on-chronic liver failure.

ever be detected in the liver tissue slices of the control
group, while apoptosis increased in the model and AdGFP groups. Recombinant adenovirus (except Ad-GFP)
administration dramatically reduced apoptotic rates
compared to Ad-GFP.
The percentage of apoptotic hepatocytes significantly
increased in the model group (24 h: 16.8%; 48 h:
20.87%) compared to the control group (24 h: 0.14%,
48 h: 0.18%; p < 0.01). In contrast, the apoptotic
index markedly decreased (p < 0.01) in the Ad-HGFHIL-6 (24 h: 2.18%; 48 h: 3.46%), Ad-HIL-6 (24 h:
6.88%; 48 h: 7.98%) and Ad-HGF (24 h: 7.60%;
48 h: 8.35%) groups compared to the Ad-GFP group
(24 h: 15.97%, 48 h: 21.13%; p < 0.01). The lowest
apoptotic rates were observed in the Ad-HGF-HIL-6
group (p < 0.05). At the detected time points, there
were no statistically significances (p > 0.05) in the
apoptotic index between the model and Ad-GFP
groups.
As shown in Figure 5A and B and Figure 6A-D,
Bax and caspase-3 proteins in the model group (1.23
± 0.23; 0.67 ± 0.19) were dramatically enhanced
compared to the control group (0.97 ± 0.20, 0.15 ±
0.14; p < 0.01), however, there was no statistically
significance between the model group and Ad-GFP
group (1.21 ± 0.20; 0.68 ± 0.31, p > 0.05). The AdHIL-6 (1.18 ± 0.21; 0.40 ± 0.21) and Ad-HGF-HIL-6
(1.01 ± 0.12; 0.25 ± 0.14) treatments evidently
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Effect of recombinant adenovirus containing Hyper-IL-6
and HGF on HMGB1 protein expression

As shown in Figure 5C and Figure 6E, the Western blot
assay exhibited that the HMGB1 protein expression in
liver samples was dramatically enhanced in the model
group (1.12 ± 0.00) compared to the control group
(0.41 ± 0.01, p < 0.01); however, it was remarkably
reduced in the Ad-HGF (1.02 ± 0.02), Ad-HIL-6 (0.80
± 0.01) and Ad-HGF-HIL-6 (0.59 ± 0.02) groups
compared to the Ad-GFP group (p < 0.01), and the
change was more considerable in the Ad-HGF-HIL-6
group (p < 0.01). Meanwhile, the HMGB1 protein
expression had no statistical significance between the
model and Ad-GFP groups (1.12 ± 0.06, p > 0.05).

DISCUSSION
Various strategies have been attempted in vivo to
[17-21]
search for effective ways to treat ACLF
. In our
study, an ACLF rat model was used to perform a
comparative study on the efficacy of Ad-HGF, Ad-HIL-6
or Ad-HGF-HIL-6 in ACLF. We demonstrated that AdHGF-HIL-6 significantly improved pathological damage
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Figure 6 Protein levels of Bcl-2, Bax, Caspase-3 and HMGB1 detected by Western blot, revealing the relative protein expression of Bcl-2, Bax, Caspase-3
and HMGB1, and the ratio of Bcl-2/Bax of all treated livers. A: Bcl-2 protein; B: Bax protein; C: the ratio of Bcl-2/Bax; D: Caspase-3 protein; E: HMGB1 protein. A,
B, D, E: The Y axis represents the relative protein expression of Bcl-2, Bax Caspase-3 and HMGB1 compared to that of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) for all types of treated liver; C: The Y axis represents the ratio of the relative protein expression of Bcl-2/Bax for all types of treated liver. aP < 0.05 vs AdHIL-6 treated, bP < 0.01 vs control, cP < 0.05 vs Ad-HGF treated, dP < 0.01 vs Ad-GFP treated. The results are expressed as the mean ± SD, n = 6. Control: normal
liver; Model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40-Hyper-IL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; AdHGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP.

compared to Ad-HGF and Ad-HIL-6 in ACLF rats.
Meanwhile, greater effects in correcting coagulation
and liver function were observed in ACLF rats with AdHGF-HIL-6 treatment. Ki67 is an important index for
evaluating the regeneration of hepatocytes. At the
24 h and 48 h detection points of our study, Ad-HGFHIL-6 treatment significantly enhanced the frequency
+
of Ki67 hepatocytes compared to Ad-HGF or AdHIL-6, indicating a better ability to promote hepatocyte
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regeneration.
The apoptosis of hepatocytes plays a significant part
[22,23]
in the development of multifarious liver diseases
.
By reducing the hepatocyte injury that proceeds apopto
sis, HGF may prevent or diminish the initiation of the
[24]
apoptotic cascade . In our study, we also detected
that Ad-HGF-HIL-6 remarkably enhanced Bcl-2 (antiapoptotic) protein expression and apparently reduced
Bax (pro-apoptotic) protein expression in hepatocytes of
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Figure 7 Expression of mRNA levels of hyper-IL-6 or HGF as detected by representative reverse transcription-polymerase chain reaction. A: Hyper-IL-6
mRNA; B: HGF mRNA. The Y axis represents the relative mRNA expression of Hyper-IL-6 or HGF compared to that of the house-keeping gene β-actin for all types of
treated liver. bP < 0.01 vs Ad-GFP treated, cP < 0.01 vs Ad-HIL-6 treated, dP < 0.01 vs Ad-HGF treated, eP > 0.05 vs Ad-HGF treated and fP > 0.05 vs Ad-HIL-6 treated.
The results are expressed as the mean ± SD, n = 6. Control: normal liver; Model: ACLF liver; Ad-GFP: pDC315-3FLAG-sv40-EGFP; Ad-HIL-6: pDC315-3FLAG-sv40Hyper-IL-6-EGFP; Ad-HGF: pDC315-3FLAG-sv40-HGF-EGFP; and Ad-HGF-HIL-6: pDC315-3FLAG-sv40-HGF-IRES-Hyper-IL-6-EGFP.

ACLF rats compared to Ad-HGF or Ad-HIL-6. Although
both Ad-HGF-HIL-6 and Ad-HIL-6 could conspicuously
decrease the activities of caspase-3, the former
had a more significant effect. In addition, apoptotic
characteristics were viewed by the TUNEL assay of
liver tissues. These results displayed that Ad-HGFHIL-6 could protect the liver of rats against ACLF more
effectively by reducing apoptosis.
HMGB1 positively reacts upon various inflammatory
[20,25-27]
diseases
. A protective effect against ACLF is
detected by blockading HMGB1 at 24 h since the ACLF
[21]
model was established . A previous study proved that
the high level of HMGB1 plays a considerable part in
[28]
the pathogenic mechanism of liver failure . Our study
found that Ad-HGF-HIL-6 could significantly decrease
the serum and tissue HMGB1 concentrations in ACLF
compared to Ad-HGF or Ad-HIL-6, suggesting reduced
inflammatory response and necrotic hepatocytes.
These results further indicate that the mechanism of
Ad-HGF-HIL-6 in protecting against ACLF is likely to be
related to HMGB1 signalling, which is worthy of future
research.
In the progress of ACLF, systemic inflammatory
[29]
response is tightly related to its prognosis . Anti-TNF
treatment protects against experimental hepatic damage
[30]
due to bacteria endotoxin , demonstrating that TNF-α
plays a pivotal part in the development of liver failure.
In the current research, serum TNF-α in the AdHGF, Ad-HIL-6 and Ad-HGF-HIL-6 groups significantly
decreased compared with the Ad-GFP group; however,
there was no statistical discrepancy between the AdHGF-HIL-6 and Ad-HGF treatments at 24 h and 48
h, but these levels were lower than those of the AdHIL-6 treatment. TNF-α can mediate apoptosis by
interacting with TNF-R1, giving rise to the activation
[21]
of caspase cascades , as confirmed by the similar
alteration trend between TNF-α and the apoptotic
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indicator caspase-3 in this experiment. Similarly, AdHGF-HIL-6 inhibited the release of IFN-γ and endotoxin
more effectively than did Ad-HGF or Ad-HIL-6, also
suggesting the alleviation of the liver inflammatory
response.
Our study confirmed the functional synergistic
effect of HIL-6 and HGF by combining them into an
adenovirus vector. Real-time PCR results suggest
that the constructions of recombinant adenovirus
were successful, as the expression of the two genes
in the liver tissues of ACLF rats was excellent and
did not produce mutual interference. Moreover, the
enhancement of treatment did not increase immuno
genicity or toxicity.
In summary, our results suggest that Ad-HGF-HIL-6
may confer a more powerful protective effect against
ACLF than do Ad-HGF or Ad-HIL-6 in rats and can
restrain the release of various inflammatory cytokines,
reduce the apoptosis of hepatocytes, and protect
rats against experimental ACLF even 48 h since ACLF
model was established, although the precise molecular
events and cell signalling pathways warrant further
studies. Our findings indicate that Ad-HGF-HIL-6 is
likely to be a feasible and neoteric protective agent for
severe liver injury.

COMMENTS
COMMENTS
Background

Acute-on-chronic liver failure (ACLF) is a life-threatening medical emergency,
which is usually associated with a precipitating event and results in high
mortality. Therefore, it is urgent to develop new therapeutic reagents for ACLF.
Gene therapy by delivering a target gene to the patients via viral and non-viral
vectors appears to be a promising approach for the treatment of ACLF. Previous
studies have shown that hyper-interleukin-6 (HIL-6), comprising interleukin-6
(IL-6) and the soluble IL-6 receptor, can reduce the necrosis of remnant liver
cells during the process of liver failure, and hepatocyte growth factor (HGF) can
stimulate the DNA synthesis of hepatocytes, suggesting a possible protective
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effect of these two factors on liver injury.

Research frontiers

2

IL-6 is the crucial transcriptional factor during the process of early-stage hepatic
regeneration response. Hyper-IL-6 is an artificial fusion cytokine comprising
IL-6 linked by an artificial linker with a soluble variant of gp80 (sIL-6R). HIL-6
is a stable protein displaying biological activity in vitro or in vivo 10-1000-fold
higher than that of IL-6/sIL-6R soluble complex. HGF initiates liver regeneration
after liver excision or chemical injuries. The coadministration of IL-6 and HGF
most effectively increased both the wet weight of the unoccluded lobes and
the hepatocellular DNA synthesis of the animals that underwent PBL of the left
lateral and median branches, suggesting a possible synergistic effect of these
two factors. In the current study, the authors evaluated the protective efficacy of
recombinant adenovirus containing HIL-6 and HGF (Ad-HGF-HIL-6) compared
to that of recombinant adenovirus HIL-6 (Ad-HIL-6) or HGF (Ad-HGF) in an
ACLF rat model.

3

4
5

6

Innovations and breakthroughs

ACLF is a condition with acute liver function decompensation secondary to
chronic liver diseases. Infectious etiologies constitute the majority of acute
insults in the East. In this study, the authors established a rat model of ACLF
by immune system-induced liver cirrhosis induced with HSA, and later with
D-galactosamine and lipopolysaccharide. Since this practical animal model
can well simulate the pathophysiological processes of ACLF, the experimental
results of treatment with Ad-HGF-HIL-6 are more persuasive. On the other
hand, they sought to deliver two genes by a recombinant adenovirus vector
into rats simultaneously but avoiding significant side effects. These findings
demonstrated that the protective efficacy of Ad-HGF-HIL-6 is more potent than
that of Ad-HGF or Ad-HIL-6 in ACLF rats, with no significant side effects.

7

8

Applications

These findings indicate that Ad-HGF-HIL-6 is likely to be a potential and novel
protective agent for severe liver inflammatory injury.

9

Terminology

ACLF refers to an acute deterioration of known or unknown chronic liver
disease. It is primarily caused by bleeding and infections, which could result
in a series of pathophysiological process, including systemic hemodynamic
changes, systemic inflammatory response syndrome, hepatorenal syndrome,
and hepatic encephalopathy. IL-6 is a pleiotropic cytokine mediating acutephase responses, cell regeneration, and transition from innate to acquired
immunity. In the classical pathway, IL-6 binds to a membrane bound IL-6R and
the complex associates with gp130, for intracellular signalling. Interactions of
the IL-6/sIL-6R complex with gp130 provides IL-6 sensitivity to many cell types
that do not express IL-6R, thereby expanding biological effects. HIL-6 is a
chimera of recombinant human IL-6 bound to IL-6Rα by a short peptide chain.
Compared to IL-6/IL-6Rα, HIL-6 has a 10-1000-fold higher receptor binding
affinity while the half-life is similar to IL-6. HIL-6 has enhanced and longer
activation of mitogen-activated protein kinase pathways. HGF initiates liver
regeneration after liver excision or chemical injuries. The coadministration of
IL-6 and HGF most effectively increased both the wet weight of the unoccluded
lobes and the hepatocellular DNA synthesis of the animals that underwent
portal branch ligation of the left lateral and median branches, suggesting
a possible synergistic effect of these two factors. In the current study, we
evaluated the therapeutic efficacy of recombinant adenovirus containing HIL-6
and HGF compared to that of recombinant adenovirus HIL-6 or HGF in an
ACLF rat model.
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Peer-review

15

This is a very well designed research and the literature relating to the principle
for using this recombinant adenovirus in the ACLF model in rats to explicate its
potential effects has been exhaustively explored. The study is well presented
in terms of its aims and purposes. There are confident data to indicate that AdHGF-HIL-6 may be explored as a potential therapeutic agent for severe liver
inflammatory injury.
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AIM: to elucidate the mechanism of thymoquinone
(TQ)-induced apoptosis in human gastric cancer cells in
vitro and in vivo .
METHODS: HGC27, BGC823, and SGC7901 cells
were cultured in vitro and treated with TQ (0, 10,
25, 50, 75, 100, 125 μmol/L) for 12 h, 24 h, and
36 h, and then the proliferation inhibitory rates
were detected by methylthiazole tetrazolium assay.
Apoptosis was observed after Hoechst staining. The
protein expressions of signal transducer and activator
of transcription (STAT)3, p-STAT3, STAT5, p-STAT5,
phospho-janus-activated kinase 2 (JAK2), JAK2, p-Src,
Src, glyceraldehyde-3-phosphate dehydrogenase,
lamin-A, survivin, Cyclin D, Bcl-2, Bax, peroxisome
proliferator activated receptor, and caspase-3,7,9 were
detected by western blot. Cell cycle and apoptosis were
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determined with flow cytometry. TQ induced dosedependent apoptotic cell death in HGC27 cells was
measured by Annexin V-fluorescein isothiocyanate
(FITC)/propidium iodide (PI) analysis and Hoechst
33258.

methyl-1,4-benzo-quinone, C10H12O2) is the active
constituent of black cumin (Nigella sativa) seed oil (Figure
[3]
1A) and was first extracted by EI-Dakhakhany . TQ
has been shown to suppress proliferation and induce
apoptosis and drug resistance in various tumor cells,
including colorectal carcinoma, pancreatic carcinoma,
[4-9]
breast adenocarcinoma, prostate cancer, etc. . A
phase Ⅰ study reported that in adult patients with
solid tumors or hematological malignancies who were
treated with TQ, there were no significant systemic
[10]
toxicities . It was also reported that the human body
could tolerate a dose of 75 to 2600 TQ mg/d. Because
of its high efficiency, low toxicity, and natural features
in cancer prevention and treatment, TQ has gradually
attracted the attention of scholars worldwide, but
studies on tumors of the digestive system, especially
gastric cancer, are rare.
Signal transducer and activator of transcription
(STAT) has been shown to be a fundamental factor
[11]
in tumor cell survival and proliferation . STAT3,
a member of the STAT protein family, is a critical
molecule of the janus-activated kinase (JAK)/STAT
signaling pathway through many signals, such as
interleukin (IL)-6, tumor necrosis factor (TNF)-α, and
vascular endothelial growth factor (VEGF). STAT3 can
be activated by a variety of ligands related to these
[12]
signals . It was reported in a variety of human
malignancies, such as gastric, colon, breast, and lung,
that abnormal expression and constitutive activation
[12,13]
of STAT3 are involved
. Once activated, STAT3
would continue to promote phosphorylation-induced
homodimerization, leading to nuclear translocation,
DNA binding, and subsequent gene transcription (e.g.,
Bcl-xL, Bcl-2, survivin, cyclin D, Mcl-1). In addition,
STAT3 could also control VEGF expression, which is
necessary for angiogenesis and the maintenance of
[14]
tumor vasculature . STAT3 has been implicated in
the inhibition of immune responses to tumor growth
by blocking expression of pro-inflammatory factors. A
previous study showed that TQ could induce apoptosis
and augment 5-FU-induced apoptosis in gastric cancer
[15]
cells . However, specific mechanisms underlying
the effects of TQ in gastric cancer have not been
examined.
Based on preliminary studies, we explored the
specific mechanisms of TQ-induced regulation of
proliferation and apoptosis in gastric cancer cells.

RESULTS: TQ inhibited the phosphorylation of STAT3
but not STAT5. TQ-induced downregulation of STAT3
activation was associated with a reduction in JAK2 and
c-Src activity. TQ also downregulated the expression
of STAT3-regulated genes, such as Bcl-2, cyclin D,
survivin, and vascular endothelial growth factor, and
activated caspase-3,7,9. Consistent with the in vitro
results, TQ was significantly effective as an antitumor
agent in a xenograft tumor mouse model.
CONCLUSION: This study provides strong evidence
that downregulation of the STAT3 signaling pathway
mediates TQ-induced apoptosis in gastric cancer.
Key words: Thymoquinone; Gastric cancer; STAT3;
Proliferation; Apoptosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Thymoquinone (TQ) has been demonstrated
to exert biological activity in gastric cancer. However,
the specific mechanism of TQ in gastric cancer has not
been examined. In order to elucidate the mechanism
of TQ-induced apoptosis in human gastric cancer cells,
we investigated the effects of TQ on signal transducer
and activator of transcription (STAT)3 and its related
pathway in vitro and in vivo .
Zhu WQ, Wang J, Guo XF, Liu Z, Dong WG. Thymoquinone
inhibits proliferation in gastric cancer via the STAT3 pathway in
vivo and in vitro. World J Gastroenterol 2016; 22(16): 4149-4159
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i16/4149.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i16.4149

INTRODUCTION
Based on the Global Burden of Cancer Study (GLOBOCAN)
estimates, about 14.1 million new cancer cases and
[1]
8.2 million deaths occurred in 2012 worldwide .
Among them, gastric cancer ranks fourth and third
for incidence rate and mortality rate, respectively, in
[1]
male patients and ranks fifth in female patients .
Chemotherapy is commonly used in the treatment of
gastric cancer. Commonly used chemotherapy drugs
are 5-fluorouracil (5-FU), cisplatin, and doxorubicin, but
they are limited by toxic side effects, the development
[2]
of resistance, and other defects . Therefore, it is
important to search for low toxicity and efficient anticancer drugs that inhibit gastric cancer development.
Thymoquinone (TQ, also called 2-isopropyl-5-
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MATERIALS AND METHODS
Cell culture and reagents

Three human gastric cancer cells (HGC27, BGC823,
and SGC7901) were obtained from Key Laboratory of
Hubei Province for Digestive System Disease (Wuhan
University). The cells were maintained in continuous
exponential growth in Dulbecco’s Modified Eagle’
s Medium (DMEM)/F12 medium supplemented with
heat-inactivated 10% fetal bovine serum (FBS) and
1% antibiotics (100 IU penicillin and 100 µg/mL
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Figure 1 thymoquinone suppresses constitutive STAT3 activation in three gastric cancer cell lines. A: Human gastric cancer cells (HGC27, BGC823, and
SGC7901) were incubated with 50 μmol/L thymoquinone (TQ) for 24 h, and western blotting was performed as described previously; B: The same blots were stripped
and reprobed with the GAPDH antibody to verify equal protein loading; C: TQ suppressed phospho-STAT3 levels in a concentration- and time-dependent manner.
HGC27 cells (1 × 106/ml) were treated with the indicated concentrations of TQ for 24 h, and western blotting was performed (left). HGC27 cells (1 × 106/ml) were
treated with 50 μmol/L TQ for the indicated times, and western blotting was performed (right). The same blots were stripped and reprobed with the STAT3 antibody
to verify equal protein loading; D: TQ suppressed STAT3 gene levels in a concentration- and time-dependent manner. HGC27 cells (1 × 106/ml) were treated with
the indicated concentrations of TQ for 24 h, and real-time RT-PCR was performed (left). HGC27 cells (1 × 106/ml) were treated with 50 μmol/L TQ for the indicated
times, and real-time RT-PCR was performed (right); E: TQ suppressed STAT3 nuclear translocation. HGC27 cells (1 × 106/ml) cells were treated with or without 50
μmol/L TQ for 24h, and nuclear extracts were assessed for the detection nuclear accumulation of STAT3. Lamin-A was used as a nuclear extract marker. GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase; RT-PCR: Reverse transcription polymerase chain reaction; STAT: Signal transducer and activator of transcription.
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reagent (Genetrone Biotech, Seoul, South Korea). After
24 h of transfection, cells were treated with TQ for
an additional 24 h, and cell lysis was carried out with
1 × reporter lysis buffer. After mixing the cell lysates
with luciferase substrate (Promega), luciferase activity
was measured using a luminometer (Tecan Trading
AG, Shanghai, China). The β-galactosidase assay was
carried out according to the supplier’s instructions
(Promega Enzyme Assay System) for normalizing the
luciferase activity, and the results are expressed as fold
transactivation.

streptomycin) in a humidified incubator at 37 ℃ and
5% CO2.

Western blot analysis

Protein expression levels were assessed by western
blot analysis. Briefly, cells were collected, washed
twice, and lysed with lysis buffer. Cell lysates were kept
on ice for 30 min and centrifuged at 4 ℃. Samples
were then boiled in loading buffer and separated by
10% SDS-PAGE. After electrophoresis, protein was
transferred onto a nitrocellulose membrane (Millipore,
Bedford, MA, United States), which was incubated
with blocking solution [10% non-fat dry milk in Trisbuffered saline with tween (TBST) containing 0.05%
Tween-20] for 2 h and immunoblotted with primary
antibodies, including STAT3, p-STAT3, STAT5, p-STAT5,
p-JAK2, JAK2, p-Src, Src, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), Lamin-A, survivin, Cyclin D,
Bcl-2, Bax, peroxisome proliferator activated receptor,
caspase-3,7,9 (Cell Signaling Technology, Beverly,
MA, United States, 1:1000), overnight at 4 ℃. After
washing with TBST, the membranes were incubated
with anti-rabbit (or anti-mouse) immunoglobulin
conjugated to horseradish peroxidase secondary
antibody (Promega, Madison, WI, United States, 1:500)
for 2 h at room temperature, developed using the
enhanced chemiluminescence (ECL) western blotting
kit (Millipore, Bedford, MA, United States), and then
exposed to Kodak X-ray Film. Protein band intensities
were determined densitometrically using the video
imaging CMIASWIN system (BioRad, Hercules, CA,
United States).

Cell proliferation assay

Cell proliferation was assessed with 3-(4,5-dimethyl
thiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT)
(Sigma St. Louis, MO, United States) colorimetric
method. Gastric cancer cells were cultured in a 96-well
plate in the presence of 0, 25, 50, 75, or 100 μmol/L
TQ for 12, 24, or 36 h. MTT reagent (20 μl) was added
into each well and incubated for 4 h at 37 ℃. After the
purple precipitate was visible, the cells were added
with 150 μl dimethylsulfoxide and incubated at room
temperature in the dark for 2 h. The absorbance was
recorded at 490 nm. For each experiment, the total
procedure was repeated three times.

Hoechst 33258 staining for apoptotic cells

Gastric cancer cells in exponential growth were
5
placed at a final concentration of 5 × 10 cells per
well in a six-well plate, which was pretreated with 25
μmol/L, 50 μmol/L, or 75 μmol/L TQ for 24 h. The
cells were subsequently fixed, washed three times
with phosphate buffered saline (PBS), and stained
with Hoechst 33258 (Sigma-Aldrich) according to
the manufacturer’s protocol. Apoptotic features were
assessed by analyzing chromatin condensation and by
staining the fragments under an inverted fluorescent
microscope (Olympus, Center Valley, PA, United
States).

Real-time reverse transcription polymerase chain
reaction

Total RNA and complementary DNA (cDNA) were ex
tracted from the cells for real-time reverse transcription
polymerase chain reaction (RT-PCR) analysis as described
[16]
previously . The cDNA was used as the template in
an SYBR Green Real-Time PCR Master Mix (Invitrogen,
Carlsbad, CA, United States). The PCR reaction was
performed with an ABI PRISM 7300 PCR and detection
system (Applied Biosystems, Carlsbad, CA, United
States). The following primers were used: STAT3 sense
5’- GCCCTTTGGAACGAAGGGTA-3’ and STAT3 antisense
5’- TGGTATTGCTGCAGGTCGTT-3’; GAPDH sense,
5’-TTTGGTATCGTGGAAGGAC-3’, and GAPDH antisense, 5’- GTGGAGGAGTGGGTGTCGC-3’. The relative
levels of STAT3 mRNA transcripts were normalized to the
control GAPDH. For relative quantification, the expression
levels of the STAT3 gene were calculated based on the
-ΔΔCt[17]
method of 2
.

Annexin V staining for apoptosis

Gastric cancer cells were cultured in six-well plates
6
at 1 × 10 cells/well in DMEM medium supplemented
with 0.5% FBS and different concentrations of TQ as
described above. Cells were washed twice with cold
PBS and centrifuged, and then incubated with 5 mL of
Annexin V-fluorescein isothiocyante (FITC) and 10 mL
of propidium iodide (PI) at room temperature for 5 min
in the dark. Flow cytometric analysis was performed
with a FACSCalibur using the CellQuest software (BDIS,
San Jose, CA, United States). For each experiment,
the total procedure was repeated three times.

STAT3-Luciferase reporter gene assay

Xenograft tumor model

Cells were seeded into 12-well plates at a density of 5 ×
4
10 cells/well prior to transfection. Cells were transfected
with p-STAT3-TA-luc (Clontech, Palo Alto, CA, United
States) or control vector using Genefectin transfection

WJG|www.wjgnet.com

Female BALB/c athymic nude mice (4-wk-old) were
obtained from the Center of Experimental Animals of
Wuhan University, and all procedures were performed
in compliance with the National Institutes of Health
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Guide for the Care and Use of Laboratory Animals.
Nude mice were divided into four groups, and mice
were housed (four animals per cage) in standard
mouse plexiglass cages in a light and temperaturecontrolled environment. Mice were provided with
food and water ad libitum. Gastric cancer cells were
harvested from subconfluent cultures, washed
in serum-free medium, and resuspended in PBS.
6
Cells (5 × 10 ) resuspended in 0.2 mL PBS were
subcutaneously inoculated into the lower right flank
of nude mice. When the developing tumors reached
3
100-150 mm in size, mice were randomly assigned to
the following treatment groups (n = 5): (1) untreated
control, equal volume physiologic saline; (2) 10 mg/
kg TQ; (3) 20 mg/kg TQ; and (4) 30 mg/kg TQ. All
therapies were administered three times per week via
intraperitoneal injection. Next, the mice were weighed,
and the size of each tumor and its central necrotic area
was monitored using calipers every 3 d. Following the
last dose of TQ, all mice were sacrificed on day 30.
During the autopsy procedure, the tumor was neatly
excised and weighed. One part of the tissue was fixed
in formalin, and another part was frozen in liquid
nitrogen. Ethical approval was obtained prior to the
start of the experiments.

types of cancer cells treated with TQ compared to
cells not treated with TQ (Figure 1B). These findings
suggest that TQ inhibited STAT3 activation in all these
cells in a concentration- and time-dependent manner,
with maximum inhibition occurring at 75 μmol/L (Figure
1C). Although TQ did not affect protein levels of STAT3
(Figure 1B, lower panel), it did suppress the mRNA
expression of STAT3 in a concentration- and timedependent manner, as demonstrated by real-time RTPCR (Figure 1D). Because the active dimer of STAT3
is capable of translocating to the nucleus and inducing
[18]
transcription of specific target genes , we determined
whether TQ suppresses the nuclear translocation of
STAT3. Western blot clearly demonstrated that TQ
blocked the translocation of STAT3 into the nucleus
in HGC27 cells (Figure 1E). The phosphorylation of
STAT5 and the expression of STAT5 were not affected
by TQ (Figure 2A and B), indicating that TQ specifically
inhibits STAT3 tyrosine phosphorylation.

TQ suppressed constitutive activation of other proteins

Since JAK2 and c-Src kinase are two of the main
[19,20]
kinases involved in the activation of STAT3
, we
examined the effect of TQ on the expression and
phosphorylation of these two proteins. As shown in
Figure 2C, JAK2 was constitutively active in HGC27
cells, and pretreatment with TQ clearly suppressed
its phosphorylation in a time-dependent manner.
TQ treatment did not affect total JAK2 levels. In
addition, we found that TQ suppressed the constitutive
phosphorylation of c-Src kinase in a time-dependent
manner (Figure 2D), while the levels of total c-Src
kinase remained unchanged under the same conditions
(Figure 2D, lower panel).

TdT-mediated dUTP-biotin nick end-labeling assay

For histological examination, tumor tissues were fixed
in 10% buffered formalin and embedded in paraffin,
and tissue sections (4 μm) were prepared. The TdTmediated dUTP-biotin nick end-labeling (TUNEL)
assay for apoptosis was conducted using an apoptosis
detection kit (Roche Diagnostics, Branchburg, NJ,
United States) according to the manufacturer’s instruc
tions. Positive cells were counted as the number of
TUNEL-labeled cells per 100 epithelial cancer cells in
10 fields of the most affected tumor areas with 400 ×
magnification and analyzed using light microscopy (Carl
Zeiss, Thornwood, NY, United States).

TQ suppresses STAT3-dependent reporter gene
expression

STAT3 is constitutively active in gastric cancer and
plays a critical role in cell proliferation through
[21]
transcriptional activation of pro-survival genes . We
found that TQ reduced STAT3 reporter gene activity
in HGC27 cells transiently transfected with STAT3luc vector (Figure 3A). Moreover, TQ attenuated the
protein expression of STAT3 target gene products, such
as survivin, cyclin-D, VEGF, and Bcl-2 and increased
the expression levels of Bax (Figure 3B and C).

Statistical analysis

Results were analyzed by SPSS version 17.0 (SPSS,
Inc., Chicago, IL, United States). All data are presented
as the mean ± standard deviation (SD). One-way
analysis of variance (ANOVA, multiple comparisons)
and t-tests (two groups comparisons) were performed
accordingly. P < 0.05 was considered to be statistically
significant.

TQ activated caspase activity and induced PARP
cleavage

Next, we investigated whether suppression of cons
titutively active STAT3 in HGC27 cells by TQ caused
cell apoptosis. In HGC27 cells, TQ activated procaspase-3,7,9 in a concentration-dependent manner
(Figure 3D). Activation of downstream procaspase-3
led to the cleavage of a 116 kDa poly(ADP-ribose)
polymerase (PARP) protein into an 85 kDa fragment
(Figure 3C). These results clearly suggested that TQ
induces caspase-3-dependent apoptosis in HGC27 cells.

RESULTS
TQ inhibited constitutive STAT3 phosphorylation and
nuclear translocation in gastric cancer cells

Since HGC27, BGC823, and SGC7901 cells were
shown to express constitutive STAT3 activation, we
determined whether TQ could inhibit this activation in
these cells. Based on western blot results, the protein
level of p-STAT3 was significantly reduced in all three
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As the second most common cause of cancer-related
death in the world, gastric cancer has been reported
to have particularly high incidence and mortality rates
in eastern Asia. Its survival rate is substantially lower
[22]
than that of patients with other types of cancers .
TQ, the active constituent of black cumin seed
oil, was shown to inhibit the proliferation of various
types of tumor cells, including lung carcinoma, breast
adenocarcinoma, pancreatic cancer, colorectal cancer,
[23,24]
acute lymphoblastic leukemia, and prostate cancer
.
It has also been shown to enhance detoxification and
inhibit benzo(a)pyrene (BP)-induced fore-stomach
[25]
tumors in a female Swiss albino mouse model . TQ
was also induced apoptosis and augmented 5-FU[15]
induced apoptosis in gastric cancer cells . In this
study, we found that TQ inhibited phosphorylation of
STAT3 in three gastric cancer cells. TQ also inhibited
the expression of the STAT3 gene in a concentrationand time-dependent manner, as demonstrated by realtime RT-PCR.
Phosphorylation of STAT3 is required for its activation
and results in dimerization, nuclear translocation,
DNA binding, and transcriptional activation of target
[26]
genes . To investigate the mechanism of TQ-induced
STAT3 inhibition in HGC27 cells, we analyzed the
activation of upstream protein kinases, such as JAK
and Src. We found that TQ could inhibit JAK2 and Src
phosphorylation, and presumably the suppression
of STAT3 phosphorylation at Tyr705 was due to the
inhibition of JAK2 and Src activity. Interestingly, TQinduced inhibition of tyrosine phosphorylation was only
observed for STAT3, not STAT5. These results suggest
that TQ specifically inhibited phosphorylation of STAT3
at Tyr705.
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of several STAT3-regulated genes, including proliferative
(cyclin D1), anti-apoptotic (Bcl-2, survivin), and angiogenic
(VEGF) gene products in HGC27 cells. Activation of
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Figure 2 thymoquinone suppresses phospho-JAK2 and phospho-Src
levels, but not STAT5 levels. A: HGC27 cells (1 × 106/ml) were treated with
the indicated concentrations of thymoquinone (TQ) for 24 h, and western
blotting was performed; B: HGC27 cells (1 × 106/ml) were treated with 50
μmol/L TQ for the indicated times, and western blotting was performed. The
same blots were stripped and reprobed with the STAT5 antibody to verify equal
protein loading; C: TQ suppressed phospho-JAK2 levels in a concentration
-dependent manner. HGC27 cells (1 × 106/ml) were treated with the indicated
concentrations of TQ for 24 h, and Western blotting was performed. The
same blots were stripped and reprobed with the JAK2 antibody to verify equal
protein loading; D: TQ suppressed phospho-Src levels in a concentration
-dependent manner. HGC27 cells (1 × 106/ml) were treated with the indicated
concentrations of TQ for 24 h, and Western blotting was performed. The same
blots were stripped and reprobed with the Src antibody to verify equal protein
loading. JAK: Janus-activated kinase.

TQ inhibited proliferation and induces apoptosis

According to the results of the MTT assay, cell viability
was reduced in the presence of TQ (25, 50 or 75 μmol/L)
in a time- and concentration-dependent manner (Figure
4). Annexin V staining of cells treated with the indica
ted concentrations of TQ showed that the compound
induced apoptosis in a concentration-dependent manner
(Figure 5A). In addition, Hoechst 33258 staining was
performed in TQ treated cells and showed that apoptotic
bodies containing nuclear fragments were generated in
apoptotic cells (Figure 5B).
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Figure 3 thymoquinone suppresses STAT3-dependent reporter gene expression and activates caspase activity. A: thymoquinone (TQ) suppressed STAT3
transcriptional activity. HGC27 cells (1 × 106/ml) were transfected with STAT3-luciferase (STAT3-Luc) plasmid, incubated for 24 h, and treated with 25, 50, and
75 μmol/L TQ for 24 h. Whole-cell extracts were then prepared and analyzed for luciferase activity. The results shown are representative of three independent
experiments; B: TQ inhibited the expression of Cyclin D, survivin, and VEGF. HGC27 cells (1 × 106/ml) were treated with the indicated concentrations of TQ for 24
h, and western blotting was performed. The same blots were stripped and reprobed with the GAPDH antibody to verify equal protein loading; C: HGC27 cells (1 ×
106/ml) were treated with the indicated concentrations of TQ for 24 h, and whole-cell extracts were prepared, separated by SDS-PAGE, and subjected to western
blot against Bcl-2, Bax, and PARP antibody. The same blot was stripped and reprobed with GAPDH antibody to show equal protein loading; (D) TQ activates
caspase activity. HGC27 cells (1 × 106/ml) were treated with the indicated concentrations of TQ for 24 h, and western blotting was performed. The results shown are
representative of three independent experiments. PARP: Poly(ADP-ribose)polymerase
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Figure 4 thymoquinone inhibits proliferation in gastric cancer cells. A: Gastric cancer cells were treated with 25 μmol/L, 50 μmol/L, or 100 μmol/L TQ for 24 h,
after which an MTT assay was performed; B: Cells were treated with 50 μmol/L TQ for 12, 24, or 36 h, and an MTT assay was performed. TQ: thymoquinone.
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Figure 5 thymoquinone induces apoptosis in HGC27 cells. A: Detection of apoptosis via Annexin V/PI staining (X-axis: annexin V; Y-axis: PI). The proportion
of non-apoptotic cells (Q3), early apoptotic cells (Q4), late apoptotic/necrotic cells (Q2), and cell debris or death cell (Q1); B: Data shown are mean ± SD from three
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STAT3 signaling was thought to induce survivin gene
expression and confer resistance to apoptosis in human
[27]
breast cancer cells . It was reported that blocking
cell death by Bcl-2 and Bcl-xL could be induced by
a variety of chemotherapeutic agents, in parallel
[28,29]
with an increase in chemoresistance
. Thus, we
considered that the downregulation of the expression
of Bcl-2, Bcl-xL, and survivin was likely to be linked
with the ability of TQ to induce apoptosis in HGC27
cells, as evidenced by cleavage of PARP. In addition,
we observed that TQ could activate caspase-3,7,9
activities in a concentration-dependent manner. The
MTT assay showed that TQ could inhibit cell viability in
a concentration- and time-dependent manner. TQ dosedependently induced apoptotic cell death in HGC27

WJG|www.wjgnet.com

cells, as estimated by Annexin V-FITC/PI analysis and
Hoechst33258.
In addition to these in vitro studies, we further
analyzed the effect of TQ on xenograft tumor in
vivo. We found that TQ treatment exhibited obvious
antitumor effects in a xenograft tumor mouse model.
The therapeutic effect was demonstrated by TUNEL
analysis, which displayed obvious cell death in the
tumor masses via apoptosis. Moreover, STAT3 protein
was measured in tumor tissue, and we found that the
levels of p-STAT3 in the tumor tissue were significantly
decreased after TQ treatment.
In conclusion, the present study demonstrated
that TQ inhibited proliferation and induced apoptosis
via down-regulation of the STAT3 signaling pathway.
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Figure 6 thymoquinone inhibits tumor growth in a gastric mouse xenograft model. A: Tumor volumes of the xenograft tumors derived from 0, 25, 50, or
75 μmol/L TQ group. Each time point represents the mean tumor volume for each group; B: Tumor weight was obtained at the end of the experiment. Error bars
represent the standard error of the mean ± SD; C: Detection of apoptotic cells in tumor tissue by TUNEL assay. Control: equal-volume physiologic saline; Treatment
group: different doses of TQ: 10 mg/kg TQ; 20 mg/kg TQ; 30 mg/kg TQ; all therapies were administered three times per week via intraperitoneal injection. The brown
color indicating apoptotic signals is shown by the arrows. Scale bar represents 50 mL. Original magnification: 400 ×; D: Photographs of tumors from control and TQ
treatment groups. From left to right: control group, 10 mg/kg TQ; 20 mg/kg TQ; 30 mg/kg TQ group; E: TQ suppresses phosphor-STAT3 in vivo. The tumor tissue
extracts were prepared, after which Western blotting was performed. The same blots were stripped and reprobed with the GAPDH antibody to verify equal protein
loading. TQ: thymoquinone; TUNEL: TdT-mediated dUTP-biotin nick end-labeling.
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TQ may be a promising candidate as a cancer chemo
preventive or chemotherapeutic agent.

6

COMMENTS
COMMENTS
Background

7

Thymoquinone (TQ) has been demonstrated to exert biological activity in
gastric cancer. However, the specific mechanism by which TQ affects gastric
cancer remains to be examined. In order to elucidate the mechanism of TQinduced apoptosis in human gastric cancer cells, we investigated the effects of
TQ on signal transducer and activator of transcription (STAT)3 activation and its
relative pathway both in vitro and in vivo.

8

Research frontiers

In 2014, Kundu et al found in human colon cancer HCT116 cells that TQ
induced apoptosis through inactivation of STAT3 by blocking janus-activated
kinase (JAK)2- and Src-mediated phosphorylation of endothelial growth factor
(EGF) receptor tyrosine kinase. This finding is similar with the authors’ study,
thus they examined JAK2- and Src as well.

9

Innovations and breakthroughs

It was previously shown that TQ could induce apoptosis in gastric cancer
cells. However, the specific mechanism of TQ in gastric cancer had not been
examined. Our study demonstrated in gastric tumor cells that TQ inhibited
proliferation and induced apoptosis though downregulation of the STAT3
signaling pathway. These findings suggest that TQ may be a potential
chemopreventive or chemotherapeutic candidate for gastric cancer.

10
11
12

Applications

Since STAT3 is one of the main signaling pathways involved in TQ-mediated
inhibition of gastric cancer, TQ may be used safely clinically. However, it
remains to be determined if TQ will be useful in gastric cancer with drug
resistance. In the future, this will be examined.

13

Terminology

Thymoquinone (TQ, also called 2-isopropyl-5-methyl-1,4-benzo-quinone,
C10H12O2) is the active constituent of black cumin (Nigella sativa) seed oil (Figure
1A) and was first extracted by EI-Dakhakhany. STAT refers to signal transducer
and activator of transcription. VEGF refers to vascular endothelial growth factor.

14

Peer-review

In this article, the authors analyzed the mechanism underlying the effect
of TQ in the treatment of gastric cancer. This study has practical research
significance, providing important information to guide the clinical administration
of TQ in the future.

15
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Abstract

Institutional review board statement: All experiments were in
compliance with the ethics of the Institutional Review Board of
Indiana University Medical Center.

AIM: To evaluate pain control in chronic pancreatitis
patients who underwent total pancreatectomy with
islet cell transplantation or intrathecal narcotic pump
infusion.

Informed consent statement: Oral informed consent was
obtained from all patients before performing the questionnaire.
Conflict-of-interest statement: All authors declare no conflicts
of interest.

METHODS: We recognized 13 patients who underwent
intrathecal narcotic pump (ITNP) infusion and 57
patients who underwent total pancreatectomy with
autologous islet cell transplantation (TP + ICT) for
chronic pancreatitis (CP) pain control between 1998 and
2008 at Indiana University Hospital. All patients had
already failed multiple other modalities for pain control
and the decision to proceed with either intervention was
made at the discretion of the patients and their treating

Data sharing statement: All collected data is present within the
core of the manuscript.
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,
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physicians. All patients were evaluated retrospectively
using a questionnaire inquiring about their pain control
(using a 0-10 pain scale), daily narcotic dose usage,
and hospital admission days for pain control before
each intervention and during their last follow-up.

difficult to treat complaint for patients with chronic
pancreatitis as it can often be severe and debilitating.
There is still lack of full understanding of the exact
mechanism of pain in chronic pancreatitis (CP) and
[1-3]
factors contributing to it are only partially defined .
The general goals of treatment include pain relief in
addition to prevention and management of disease
related complications such as pseudocysts, strictures,
malabsorption (exocrine failure) and diabetes mellitus
(endocrine failure). Opiates, however, remain the most
frequently used analgesics in the background of all
other treatment options. It is the generally acceptable
approach to start with the least invasive intervention
first, such as alcohol and smoking abstinence, and
then advance in a stepwise manner as the method
[4-6]
fails . Total pancreatectomy (TP) is considered the
final resort offering additional pain control to most
patients with remaining intractable pain at the expense
of developing insulin dependent diabetes. The addition
of autologous islet cell transplantation (ICT) to TP has
been shown to have variable success in prevention
of insulin dependence from zero up to a maximum of
40% based on the performing center and the duration
[7-9]
of follow up . Neuroaxial blockage modalities such
as spinal cord stimulation or intrathecal analgesia are
among the newer modalities that may have a role in
CP. Experience in this field, however, has been limited
[10-12]
to case reports
. Among these, the intrathecal
narcotic pump infusion (ITNP) is the most studied
modality for control of intractable pain in cancer as
well as non-cancer patients but with variable level of
[13-16]
success
. The ITNP consists of a channeled catheter
intrathecally (into the subarachnoidal space) that is
connected to a small battery-powered programmable
pump which is placed in the subcutaneous tissue of the
abdominal wall. In our institution, we used a Medtronic
Synchro MedII pump that possesses a 40 ml drug
reservoir that is filled via a transcutaneous route under
[17]
sterile conditions every 1-6 mo . The literature has
been scarce regarding its role and efficacy in patients
[17]
with CP. In 2009, Kongkam et al
published a pilot
study from the same center suggesting a promising
role of ITNP in these patients.

RESULTS: All 13 ITNP patients and 30 available TP
+ ICT patients were evaluated. The mean age was
approximately 40 years in both groups. The median
duration of pain before intervention was 6 years and 7
years in the ITNP and TP + ICT groups, respectively.
The median pain score dropped from 8 to 2.5 (on a
scale of 0-10) in both groups on their last follow up.
The median daily dose of narcotics also decreased
from 393 mg equivalent of morphine sulfate to 8 mg
in the ITNP group and from 300 mg to 40 mg in the
TP + ICT group. No patient had diabetes mellitus (DM)
before either procedure whereas 85% of those who
underwent pancreatectomy were insulin dependent on
their last evaluation despite ICT.
CONCLUSION: ITNP and TP + ICT are comparable
for pain control in patients with CP however with high
incidence of DM among those who underwent TP +
ICT. Prospective comparative studies and longer follow
up are needed to better define treatment outcomes.
Key words: Chronic pancreatitis; intractable pain; Total
pancreatectomy; Islet cell transplantation; Intrathecal
narcotic pump infusion
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Total pancreatectomy (TP) is the last resort
offered to chronic pancreatitis (CP) patients with
intractable pain when other interventions have failed.
We wanted to compare pain control and rate of
insulin-dependent diabetes in CP patients after TP and
autologous islet cell transplantation (ICT) or intrathecal
narcotic pump infusion, which is a relatively new and
less invasive technique used for chronic analgesia in
multiple other clinical settings. We found that pain
control was similar between the two interventions
after a median follow-up of 3 years yet the rate of
insulin-dependent diabetes was still high in the surgical
resection group despite the ICT.

MATERIALS AND METHODS
Using hospital electronic records and the endoscopic
retrograde cholangiopancreatography (ERCP) database
at Indiana University Medical Center from 1998 to
2008, we identified 13 patients who underwent ITNP
infusion and 57 patients who underwent TP + ICT
for CP and control of pain. The goal was to assess
pain control in a cohort of surgical patients that is at
least two fold the previously reported cohort of ITNP
patients. All patients were managed at the discretion
of their gastroenterology treating physicians at Indiana
University and different approaches were selected
based on clinical judgment and patient preferences.
When patients’ final decision was to undergo ITNP, the

Mokadem M, Noureddine L, Howard T, McHenry L, Sherman S,
Fogel EL, Watkins JL, Lehman GA. Total pancreatectomy with
islet cell transplantation vs intrathecal narcotic pump infusion for
pain control in chronic pancreatitis. World J Gastroenterol 2016;
22(16): 4160-4167 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i16/4160.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i16.4160

INTRODUCTION
Abdominal pain remains the most common and
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Table 1 Etiology of chronic pancreatitis among patients who underwent intrathecal narcotic pump or total pancreatectomy + islet
cell transplantation n (%)

ITNP group
TP + ICT group

Idiopathic

Pancreatic divisum

Alcohol induced

Gallstone induced

6/13 (46.1)
19/30 (63.3)

3/13 (23.1)
5/30 (16.7)

1/13 (7.7)
4/30 (13.3)

2/13 (15.4)
2/30 (6.7)

Auto-immune
1/13 (7.7)
0/30 (0)

ITNP: intrathecal narcotic pump; TP: total pancreatectomy; ICT: islet cell transplantation.

procedure was arranged and performed at Indiana
University Hospital. On the other hand, when patients
decided to proceed with TP + ICT, the surgery was
arranged to be performed in one of three different
surgical centers that offer this procedure- including
Indiana University Hospital- based on patients’ pre
ferences and proximity to their household. Patients
with persistent evidence of increased duct pressure
were offered surgical or endoscopic decompression
procedures - as appropriate - before being considered
for total resection. All patients available for follow up
answered a phone call-based questionnaire inquiring
about their pain level, their daily narcotic use and the
number and duration of hospital admissions for pain
control.
The phone call inquiry about pain control is part of
the standard care provided by the gastroenterology
group at Indiana University. Verbal informed consent
was obtained from all patients before proceeding with
the questions. The study design abides by the ethical
guidelines of the “World Medical Association Declaration
of Helsinki - Ethical Principles for Medical Research
Involving Human Subjects”. Pain was assessed sub
jectively using a zero to ten scales (0 being no pain and
10 being maximum pain) before each procedure and on
the last follow up available. All the daily narcotics used
before and after the procedures were recorded and
converted to milligram (mg) equivalent of oral morphine
sulfate using a pharmacologic online converter http://
www.globalrph.com/narcotic.cgi.
The number of in-hospital days per year for pain
control was defined as the number of in-hospital
admissions multiplied by the average duration of each
admission (in days) divided by the total number of
pain-years. This was recorded in each group before
and after each intervention. Finally, the diabetes
mellitus status, the average units of insulin used per
day and the last HbA1C (glycosylated hemoglobin)
were also recorded among the surgical group candi
dates on their last follow up.

RESULTS
The thirty patients who answered the phone call
questionnaire constituted the surgery study group
while no data was available from the remaining 27
surgical candidates. All 13 ITNP patients (5 male, 8
female) and the 30 TP + ICT patients (6 male, 24
female) contacted were Caucasians with a mean age of
40.6 years (± 9.6) and 39.9 years (± 14) respectively.
The median duration of pain was 6 years (range 2-22)
in the ITNP group and 7 years (range 1-21) in the TP +
ICT group before each procedure. The median duration
of follow up was 3 years in both groups with a range of
0.5 to 9 years in the ITNP group and 0.5 to 10 years in
the TP + ICT group. The most common etiology of CP
was idiopathic in the TP + ICT group (approximately
63%) followed by pancreatic divisum (approximately
17%), while it was pancreatic divisum (46%) followed
by idiopathic in the ITNP group (approximately 23%).
Alcohol constituted 15% of the ITNP group and
approximately 7% of the surgery group (Table 1).
One ITNP patient developed serious meningitis
requiring permanent removal of the catheter and
pump and was excluded from the study. Three surgical
patients were reported dead by their families upon
contact, leaving 12 ITNP and 27 TP + ICT patients
for retrospective comparison. All patients underwent
multiple interventions for attempted pain control before
either procedures such as ERCP with sphincterotomy
(100% in both groups), celiac plexus neurolysis (46%
of ITNP and 50% of TP + ICT), enteral tube feeding for
bowel rest (61% of ITNP and approximately 33% of TP
+ ICT), and surgery (approximately 61% in ITNP and
approximately 33% in TP + ICT).
The most common surgical procedure performed
was denervation (bilateral splanchnicectomy) in the
ITNP group and decompression (Puestow procedure)
in the TP + ICT group (Table 2).

Pain control

The pain score dropped from a mean of 8.1 (± 1.4)
and a median of 8 before the ITNP to a mean of 2.5
(± 2.2) and a median of 2.5 on the last follow up
(Figure 1A). Similarly, the pain score dropped from
a mean of 8.0 (± 1.7) and a median of 8 before the
TP+ICT to a mean of 2.7 (± 2.9) and a median of 2.5
on the last follow up (Figure 1B). No ITNP patients

Statistical analysis

All data are presented as median or mean ± standard
deviation. Only P-values that are less than 0.05
were considered statistically significant. Experiments
comparing two means were analyzed using Student’s
t-test with Welch’s correction if appropriate.
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Table 2 Multiple interventions performed in patients with chronic pancreatitis for pain control before undergoing intrathecal
narcotic pump or total pancreatectomy + islet cell transplantation n (%)
ERCP with sphincterotomy

Celiac Block
(EUS or CT)

Jejunal or Gastro-Jejunal tube
insertion

Surgeries
(denervation or decompression)

13/13 (100)
30/30 (100)

6/13 (46)
15/30 (50)

8/13 (61)
10/30 (33)

8/13 (61)
10/30 (33)

ITNP group
TP + ICT group

ITNP: intrathecal narcotic pump; TP: total pancreatectomy; ICT: islet cell transplantation; EUS: endoscopic ultrasonography; CT: Computed tomography;
ERCP: Endoscopic retrograde cholangiopancreatography.
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Figure 1 The average daily pain scores (on a scale of 0-10) in chronic
pancreatitis patients before undergoing intrathecal narcotic pump
infusion (A) and total pancreatectomy + islet cell transplantation (B) at the
last follow-up.

Figure 2 The average daily dose of narcotics (in mg equivalents of oral
morphine sulfate) in chronic pancreatitis patients before undergoing
intrathecal narcotic pump infusion (A) and total pancreatectomy + islet
cell transplantation (B) at the last follow-up.

reported increase in their pain score and 3 out of 12
were still pain free on their last follow up (duration of
last follow up was 0.5, 5, and 9 years respectively).
Two TP + ICT patients reported worsening of their pain
after surgery and one reported no change. 12 surgical
patients were still pain free on their last follow up
with a median duration of 4 years. The daily narcotics
usage among ITNP patients decreased from a median
of 393 mg equivalent of morphine sulfate and a mean
of 553 mg (± 448) before intervention to a median
of 8 mg and a mean of 158 mg (± 349) on their last
clinic follow up, respectively (p < 0.05) (Figure 2A).
Likewise, TP + ICT patients experienced a drop in
their daily narcotics usage from a median of 300 mg
equivalent of morphine sulfate and a mean of 316 mg

(± 234) before surgery to a median of 40 mg and a
mean of 104 mg (± 170) on their last clinic follow up,
respectively (p < 0.05) (Figure 2B).
Two ITNP patients had increase in their oral daily
narcotic requirements, one patient had very minimal
decrease in his dose and six were narcotic free on
their last follow up. The duration of follow up for these
patients ranged from 0.5 to 7 years with a median of
1.5 years. The average dose of intrathecal morphine
was 7.5 mg (2-10 mg). Three TP + ICT had increase
in their daily narcotic requirements and 9 patients
were narcotic free on their last follow up. The duration
of follow up ranged from 1 to 10 years with a median
of 4 years. These same 9 patients also reported zero
pain (Figure 2A and B).
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A

the TP + ICT patients had an average of 7.35% and
a median of 6.6% (Table 3). There were 3 deaths in
the TP + ICT group (10% mortality rate), 2 were due
to sepsis occurring at 3 wk and 1 mo after surgery as
reported by family. However, no further information
was available for the third death case. One TP + ICT
patient had abscess formation in the abdomen postsurgery requiring drainage. No other major surgical
complications were reported by patients during the
questionnaire; however, no surgical records were
available for patients operated on at other institutions.
No death to date occurred in our series among the
ITNP group. Two out of the 13 patients who underwent
the ITNP infusion had bacterial meningitis. One of
them was serious enough to necessitate catheter
and pump removal and was excluded from the study.
One patient had CSF leak (7.7%) that was surgically
repaired with no further reported complications.
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DISCUSSION

60

Here we report two relatively similar series of patients
with intractable pain due to chronic pancreatitis who
underwent either an intrathecal narcotic pump infusion
or total pancreatectomy with islet cell transplantation
as a terminal procedure for pain control after failure
of multiple other modalities. We considered two ITNP
patients to have failed treatment because of higher
narcotic use and increased hospital admission days
upon their last follow up despite having lower pain
scores.
Likewise, three TP + ICT patients can also be
reported as failure due to worsening pain, higher
narcotic use and increase in hospital admissions
in 2 of them, and only higher narcotic use in the
remaining one. Therefore, in our case series, success
rate was observed as 77% (10/13) among the
ITNP group and 80% (24/30) among the TP + ICT
group for pain control. Most of the published case
series reported a post-operative morbidity range
(e.g. infections, anastomosis leak, etc.) between
25 and 68% but major complications constituted
[7,9,18]
approximately 14%-18% based on their reporting
.
Several series from single centers reported a perioperative mortality rate (usually defined as mortality
within 2 wk of surgery) of 0% to 3.5% from total
[7-9,18-20]
pancreatectomy
. Our multi-center based data
was incomplete as we were unable to record the
morbidity and mortality among all 57 surgical patients.
However, the thirty-day mortality, which may not
reflect the exact peri-operative mortality, is found to
be at best 3.5% (3 out of 57) and at worst 10% (3 out
of 30). The rate of serious complications (like bacterial
meningitis, CSF leak and pump or catheter migration)
from intrathecal analgesia is not clear in the literature
but reports vary from 0% to 20% depending on the
center, the population studied, and duration of follow
[14-16]
[16]
[14]
up
. Anderson et al and Kumar et al reported
a success rate of 50% and 75% respectively using

40
20
0

Before

After

Figure 3 Number of hospital admission days per year for pain control
among chronic pancreatitis patients before undergoing intrathecal
narcotic pump infusion (A) and total pancreatectomy + islet cell
transplantation (B) at the last follow-up.

Hospital admissions

The number of in-hospital days per year (d/year) for
pain control decreased from a mean of 22 d/year (±
34) and a median of 15 d/year before ITNP to a mean
of 1 d/year (± 1.5) and a median of zero thereafter.
Only one patient reported increase in his hospital
admission days per year for pain control and 7 patients
(64%) have not been admitted to the hospital for
pain control as of their last follows up. Likewise, the
number of hospital days dropped from a mean of 29
d/year (± 30) and a median of 15 d/year before total
pancreatectomy to a mean of 8 d/year (± 2) and a
median of zero on the last follow up. Two patients
reported increase in their hospital admission days per
year and 15 patients (55%) have not been admitted
to the hospital for pain control as of their last follow up
(Figure 3A and B).

Complications

No patient had diabetes mellitus before either
intervention in both groups. Only 4 out of the 27
surgical patients (approximately 15%) were insulin free
on their last follow up despite the autologous islet cell
transplantation. The average insulin dose per day was
25 units among the new diabetics with a median of 21
units (range = 4-54 units). The last HbA1c reported by
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Table 3 Status of insulin-dependent diabetes among all surgical patients before and after total pancreatectomy with islet cell
transplantation

Before TP + ICT
After TP + ICT

Number of patients with insulin independence

Average dose of insulin/day (units)

Average HbA1c

30/30 (100%)
4/27 (approximately 15%)

0
25

N/A
7.35%

ITNP: intrathecal narcotic pump; TP: total pancreatectomy; ICT: islet cell transplantation.

Table 4 Summary of outcomes among patients with intrathecal narcotic pump and those with total pancreatectomy and islet cell
transplantation

Reversibility of the procedure
Success rate for pain control
Residual narcotic dose usage (mg equivalent of oral morphine sulfate)
Percentage of patients with poor pain control
Percentage of patients with new insulin dependent diabetes
Procedure related death

ITNP

TP + ICT

Comparison

Yes
77%
Mean = 158 mg/d
Median = 8 mg/d
16.7%
0%
0%

No
80%
Mean = 104 mg/d
Median = 40 mg/d
11.1%
Approximately 85%
10%

Different
Similar
Similar
Similar
Different
Different

ITNP: intrathecal narcotic pump; TP: total pancreatectomy; ICT: islet cell transplantation.

intrathecal morphine in patients with chronic nonmalignant pain after an average duration of follow up
of approximately 2 years. This, however, drops to 30%
and 44% respectively when success rate is defined as
[14,16]
more than 50% reduction in visual pain scores
.
It is important to note that all our successful ITNP
patients (10 out of 13) had more than 50% reduction
in their pain scores with an average intrathecal
morphine dose of 7.5 mg/d (range 2.5-10 mg/d).
Our results from TP + ICT have been consistent
with several previous series reporting successful
pain control and narcotic independence in 70%-80%
[8,9,18,19]
of subjects within 6-12 mo after surgery
.
[20]
Garcea et al
reported in a a series of 85 pts who
underwent TP + ICT for CP that narcotic-free patients
dropped from 90% after surgery to 40% at 1 year
and ultimately to l6% at 5 years. On the other hand,
[21]
Riediger et al
reported 87% improvement in
pain control of 224 patients as far as 10 years after
pancreatic head resection. However, 72% of these
patients were back on narcotic medications despite
using lower doses. Therefore, the success rate of pain
control after pancreatectomy seems to depend largely
”[21]
on the definition of “success
. Nonetheless, the
most effective and most durable pancreatic surgeries
performed for pain control in chronic pancreatitis
seem to involve resection of the head of pancreas
when compared with denervation or decompression
[18-21]
procedures
.
Our series had a 3 years median duration of
follow up raising the question about the durability of
the reported rate of 80%. The complete success of
the autologous islet cell graft with resulting insulin
independence has variably been reported to range
from zero up to 40% within duration of follow up
[8,9,18,19]
[20]
between 6 and 24 mo
. Garcea et al
again
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showed in his series that insulin independence
dropped from 14.1% post engraftment to 5.9% after
a median follow up duration of 8 years. However, there
still might be a role for ICT in diabetes management
after TP since there is evidence of partial graft
function in patients with insulin-dependent diabetes
after pancreatectomy but with relatively low insulin
requirements. Therefore, ICT may probably add
some protection against hypoglycemia events and
long-term diabetes complications. However, this
[20,22]
need to be evaluated independently
. Female
gender, lower body weight and higher number of
islet cells transplanted have been suggested to be
[8,18,19]
positive predictive factors of graft survival
. Our
data show a complete preservation of islet cells graft
function in 15% of pts after a median follow up of 3
years (range 0.5-10 years) and an acceptable glucose
control (average HbA1c 7.35%) with moderate insulin
requirements (average 25 units/d) compared to
patients with type 1 diabetes. Further follow-up of
these patients is very important in order to assess
for any further change in the islet cell graft viability
[20]
and insulin requirements as in Garcea’s report . The
incidence of diabetes mellitus complications awaits
further follow up. Positive outcomes were very similar
among both treatment modalities (Table 4) but major
limitations still exist in our series.
First, the study is retrospective as it will be difficult
to prospectively design a large population study in
patients with CP, especially when it involves very
extensive surgery such as total pancreatectomy with
islet cell transplantation a procedure performed in only
few selected centers in the United States. Second,
the ITNP and surgical interventions were performed
in different institutions which make comparison more
difficult given the variability in technical performance.
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are left with very few options short of having a complete resection of their
pancreas. Total pancreatectomy is associated with adverse effect of insulindependent diabetes which may be reversed or delayed by performing islet
cell transplantation via infusion of isolated islet cells into the portal system.
However, this surgery carries a significant risk of morbidity and mortality and is
usually reserved as the last resort for pain control in chronic pancreatitis.

This discrepancy was due to the fact that ITNP was
offered at Indiana University Hospital by the treating
gastroenterologist there as a one day procedure like
all other interventions provided. However, when the
ultimate decision was to go for TP + ICT and since
some patients came from out-of-state, the surgical
center was chosen based on proximity to patients’
homes and social support. Third, not all surgical
patients were assessed due to the fact that many
surgeries were performed in multiple institutions and
medical records were not available to us for review.
In addition, three years median duration of follow up
is still considered modest for CP. Larger comparative
series with longer duration of follow up are needed
to better characterize the optimal management of
intractable pain in patients with chronic pancreatitis.
In conclusion, our case series compared two
advanced interventions offered to chronic pancreatitis
patients who failed several conventional therapies
and continued to have high reported levels of daily
pain coupled with consumption of large dosages of
narcotics. Total pancreatectomy is a morbid surgery
associated with well-known short and long term
peri-operative risks with insulin-dependent diabetes
being one of its major sequelae. Based on our data,
the addition of islet cell transplantation to total
pancreatectomy may offer a protective effect from
insulin dependence at least for few years. This surgical
procedure is not readily accessible to many patients
within the United States or around the world.
On the other hand, intrathecal narcotic pump
infusion is a relatively newer, less invasive therapeutic
technique that delivers significantly lower doses of
narcotics to the spinal fluid, therefore minimizing major
systemic side effects of narcotics such as tolerance
and constipation. There is very limited data of its long
term efficacy and complications in chronic pancrea
titis patients but observations can be extrapolated
from reported patients with central nervous system
disorders. Based on our data, ITNP seems to have a
promising role as it showed comparable effect to total
pancreatectomy on pain control with the additional
benefit of preserving glucose and insulin metabolism.
Future prospective studies in selected patients with
chronic pancreatitis will better define its future role in
pain management.

Research frontiers

Intrathecal narcotic pump infusion is a minimally invasive procedure aimed at
delivering very low dose of narcotics to the spinal fluid through a small catheter
for the purpose of analgesia with minimal narcotic’s side effects. This pump
is currently used to manage severe pain in patients with refractory abdominal
malignancies and in those with central nervous system injury and secondary
spasms.

Innovations and breakthroughs

The authors examine - in a rare comparison - multiple markers of pain control
in chronic pancreatitis patients who underwent either total pancreatectomy with
islet cell transplantation or the less invasive yet relatively new procedure of
intrathecal narcotic pump infusion.

Applications

The intrathecal narcotic pump (ITNP) infusion seems to have similar pain
control to total pancreatectomy with islet cell transplantation (TP + ICT) with
significant lower incidence of insulin-dependent diabetes. This modality may
be considered as an option in chronic pancreatitis patients with intractable pain
who refuse or do not qualify for total pancreatectomy.

Peer-review

This is a retrospective study of TP + ICT and ITNP for the control of intractable
pain in CP. The aim is to evaluate pain control in patients with CP from a
single center. Small series, but exceptionally well conducted, analyzed, and
written. This is an important message that there may be a viable non-surgical
alternative to TP and ICT for intractable pain in CP.
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Abstract

Institutional review board statement: The study was approved
by the Ethics Committee of National Cancer Institute, Cairo
University, Cairo, Egypt (IRB No. 00004025, IORG. 0003381).

AIM: To develop a mathematical model for the
early detection of hepatocellular carcinoma (HCC)
with a panel of serum proteins in combination with
α-fetoprotein (AFP).

Informed consent statement: All patients gave informed
consent.
Conflict-of-interest statement: No benefits in any form have
been received or will be received from a commercial party related
directly or indirectly to the subject of this article.

METHODS: Serum levels of interleukin (IL)-8,
soluble intercellular adhesion molecule-1 (sICAM-1),
soluble tumor necrosis factor receptor Ⅱ (sTNF-R
Ⅱ), proteasome, and β-catenin were measured in
479 subjects categorized into four groups: (1) HCC
concurrent with hepatitis C virus (HCV) infection

Data sharing statement: The technical appendix, statistical
code, and dataset are available from the corresponding author at
ncizekri@yahoo.com.
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(n = 192); (2) HCV related liver cirrhosis (LC) (n =
96); (3) Chronic hepatitis C (CHC) (n = 96); and (4)
Healthy controls (n = 95). The R package and different
modules for binary and multi-class classifiers based on
generalized linear models were used to model the data.
Predictive power was used to evaluate the performance
of the model. Receiver operating characteristic curve
analysis over pairs of groups was used to identify the
best cutoffs differentiating the different groups.

of hepatocellular carcinoma co-occurring with hepatitis C virus
infection: A mathematical model. World J Gastroenterol 2016;
22(16): 4168-4182 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i16/4168.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i16.4168

RESULTS: We revealed mathematical models,
based on a binary classifier, made up of a unique
panel of serum proteins that improved the individual
performance of AFP in discriminating HCC patients
from patients with chronic liver disease either with or
without cirrhosis. We discriminated the HCC group from
the cirrhotic liver group using a mathematical model
(-11.3 + 7.38 × Prot + 0.00108 × sICAM + 0.2574 ×
β-catenin + 0.01597 × AFP) with a cutoff of 0.6552,
which achieved 98.8% specificity and 89.1% sensitivity.
For the discrimination of the HCC group from the CHC
group, we used a mathematical model [-10.40 + 1.416
× proteasome + 0.002024 × IL + 0.004096 × sICAM-1
-4
+ (4.251 × 10 ) × sTNF + 0.02567 × β-catenin +
0.02442 × AFP] with a cutoff 0.744 and achieved
96.8% specificity and 89.7% sensitivity. Additionally,
we derived an algorithm, based on a binary classifier,
for resolving the multi-class classification problem by
using three successive mathematical model predictions
of liver disease status.

Hepatocellular carcinoma (HCC) is one of the most
common primary liver malignancies and the third
leading cause of cancer related mortality, and it is
[1,2]
predominant in males . Among the risk factors for
developing HCC is the hepatitis C virus (HCV), which
has been considered to be the second most common
cause of HCC and the most common cause in Egypt,
[3]
Japan, and the United States . Egypt has the highest
prevalence of HCV (genotype 4, predominately)
[4]
worldwide, estimated to be 14.7% nationally .
Using the serum α-fetoprotein (AFP) level, the most
widely used tumor biomarker, for the early diagnosis
[5]
of HCC has several limitations . Because of its low
sensitivity, only 44% of patients are diagnosed at a
localized disease stage, and only 30% of HCC patients
[6]
are candidates for potentially curative treatments .
Moreover, the heterogeneity of HCC due to the
coexistence of inflammation and cirrhosis makes the
[7]
early detection of HCC difficult . This complication
highlights the need to identify valuable biomarkers for
the early detection of HCC. Although single markers
lack sensitivity and specificity for accurate cancer
[8]
detection , specific panels of markers may offer an
improvement in diagnostic performance. The ability of
novel biomarkers to accurately detect HCC depends
on their capacity to discriminate HCC from benign
diseases of the liver, such as chronic hepatitis and liver
cirrhosis.
Novel biomarkers for early diagnosis should meet
the following criteria: first, they should achieve high
accuracy; second, sample collection for detecting the
markers should be easily operable and non-invasive;
and third, the detection method should be cost
[9]
effective .
Emerging key candidate biomarkers include
mediators of the tumor microenvironment and the host
response, notably cytokines involved in the immune
system, inflammation, tumor development, and
metastasis, e.g., interleukin (IL)-8 and tumor necrosis
[10-12]
factor (TNF)-α
; enzymes and isozymes involved in
basic cellular processes, such as cell-cycle regulation,
apoptosis, transcriptional regulation, and antigen
[13,14]
processing, e.g., proteasomes
; proteantigen
mediated adhesion-dependent cell-cell interactions
facilitating cell metastasis and evading the immune
system, e.g., soluble intercellular adhesion molecule-1
[15,16]
(sICAM-1)-1
; and proteantigen mediated Wnt/
wingless (Wg) signaling pathway, which is involved in a
large variety of developmental processes, including cell

INTRODUCTION

CONCLUSION: Our proposed mathematical model
may be a useful method for the early detection of
different statuses of liver disease co-occurring with HCV
infection.
Key words: Mathematical model; Hepatocellular
carcinoma; α-fetoprotein; Soluble intercellular adhesion
molecule-1; β-catenin; Interleukin-8; Soluble tumor
necrosis factor receptor Ⅱ; Proteasome
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma is one of the most
common liver malignancies. We sought to create a
mathematical model from a panel of serum proteins
(intercellular adhesion molecules, beta catenin,
interleukin-8, the proteasome, and soluble tumor
necrosis factor receptor Ⅱ) in combination with
α-fetoprotein to aid in early detection of hepatocellular
carcinoma. This panel was measured in 384 subjects
infected with hepatitis C virus (HCV) as well as 95
healthy control subjects negative for HCV. Finally, we
created mathematical models that may be valuable
tools for the early detection of different statuses of liver
disease co-occurring with HCV infection.
Zekri AR, Youssef AS, Bakr YM, Gabr RM, Ahmed OS, Elberry
MH, Mayla AM, Abouelhoda M, Bahnassy AA. Early detection
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fate regulation, proliferation and self-renewal of stem
[17,18]
and progenitor cells, e.g., β-catenin
.
Our current study was conducted as a confirmatory
study of our four previously published papers: Zekri
[19-22]
et al
, to address the potential roles of sICAM-1,
β-catenin, the proteasome, IL-8 and sTNFR-Ⅱ in the
early detection of HCC. Additionally, it was conducted
as a complementary study to our previously published
[23]
paper by Zekri et al , to address the potential role
of combinations of sICAM-1, β-catenin, IL-8, the
proteasome, and soluble soluble tumor necrosis factor
receptor Ⅱ (sTNF-RⅡ) or subsets of these biomarkers
with AFP, using logistic disease predictor models, in
the early detection of HCC in a normal population and
in high risk patients (patients with chronic hepatitis C
and liver cirrhosis). We revealed that mathematical
models identified a unique panel of biomarkers that
improved the individual performance of AFP for the
discrimination of HCC patients from patients with
benign liver disease. Moreover, in the presence of
inflammation and cirrhosis, whereas AFP offered
relatively poor discrimination of HCC patients from
benign disease patients, our mathematical model
afforded better discrimination.

for at least 6 mo. The control group showed no clinical
or biochemical evidence of liver disease with normal
abdominal ultra-sonography.
The exclusion criteria included being free of HBV
and HCV infection, as confirmed by ELISA and PCR, as
well as being free of diabetes. Regarding the groups
with HCV liver related diseases, patients having HBV
infection or those who received previous treatment
or antiviral therapy for HCV were excluded from the
study. In addition, all alcoholic subjects were excluded.

Serum sample collection

Five milliliters of venous blood was collected and
allowed to coagulate for 30 min before centrifugation
at 5000 rpm for 10 min. The serum fraction was
aliquoted into cryotubes and stored at -80  ℃ until use.

Measurement of serum biomarkers

Serum levels of sICAM-1, IL-8, and sTNF-RⅡ were
measured with an enzyme linked immunosorbent
assay (ELISA) kit from R&D Systems Inc, Minneapolis,
MN, United States, Proteasome levels were measured
by an ELISA kit from Enzo Life Sciences, Inc.,
Switzerland and β-catenin was measured by an
ELISA kit from Glory Science Co., Ltd, United States
according to the manufacturers’ instructions. These
assays used the quantitative sandwich enzyme
immunoassay technique. A monoclonal antibody
specific for sICAM-1, IL-8, sTNF-RⅡ, β-catenin, or
proteasomes was used. The average of the duplicate
readings for each standard, control, and sample was
taken, and the average zero standard optical density
was subtracted. A standard curve was constructed by
plotting the mean absorbance for each standard on
the Y-axis against the concentration on the X-axis, and
a best fit curve was drawn through the points on the
graph. By interpolation, the unknown concentrations of
sICAM-1, IL-8, sTNF-RⅡ, β-catenin, and proteasomes
could be determined.

MATERIALS AND METHODS
Study design and grouping

This is a retrospective case-control study conducted on
384 adult patients with HCV related chronic diseases
classified into: 192 patients with HCC recruited from
the multidisciplinary HCC clinic, Tropical Medicine
Department, Faculty of Medicine and National Cancer
Institute (NCI) Outpatients Clinic, Cairo University; 96
patients with liver cirrhosis (LC) recruited from the
Endemic Medicine Department, Faculty of Medicine,
Cairo University and 96 chronic hepatitis C (CHC)
patients recruited from the Kasr El Aini Viral Hepatitis
Center, Faculty of Medicine, Cairo University, in addition
to 95 healthy subjects enrolled as the control group
from May 2012 to April 2013. The study was approved
by the Investigation and Ethics Committee of NCI
and written informed consent was obtained from all
persons involved.
Patients with HCC were diagnosed by abdominal
ultrasonography and triphasic computed tomography
(CT) of the abdomen, and serum AFP and were con
firmed histopathologically. The patients also showed no
evidence of local invasion or distant metastasis. Notably,
diabetes mellitus is a risk factor for HCC development.
All of the 192 HCC patients, diabetic or not, were
included in the mathematical modeling process.
However, patients with HCV related liver cirrhosis
were diagnosed by abdominal ultrasonography, and
the diagnoses were confirmed histopathologically.
Patients with chronic hepatitis C were characterized by
persistent increases of the alanine aminotransferase
(ALT) values to more than three times normal level

WJG|www.wjgnet.com

Statistical analysis

The SPSS software package (version 15) and the
R programming environment were used to analyze
the data. Continuous variables were expressed as
the mean ± SD, median and interquartile range.
Comparisons between groups were analyzed by nonparametric one-way ANOVA for continuous variables
2
and by the χ test for categorical variables. P values
≤ 0.05 were considered significant. Correlations
between the variables were analyzed using Spearman’
s correlation coefficient.
In our model construction, we followed two stra
tegies: The first was using the glmnet function as
a multi-class classifier based on multinomial logit
regression to differentiate between the four classes
in our study including the control, cirrhotic, noncirrhotic, and HCC groups. The second was using the
glm function to study different pairwise combinations

4170

April 28, 2016|Volume 22|Issue 16|

Zekri AR et al . Detection of HCC with a mathematical model
among the classes. The details are as follows:

AST was significantly higher in the HCC group than in
the other groups (P < 0.001), whereas there was no
significant difference in the median AST value between
the LC group and the CHC group. The median value
of T-bilirubin was significantly higher in the LC group
than in the other groups (P < 0.001). The median
value of albumin was significantly higher in the normal
group than in the HCV related liver disease patients
in the three patient groups (P < 0.001). The median
value of albumin in patients with LC was significantly
lower than in the patients (HCC and CHC) and healthy
controls (P < 0.001).
Regarding ascites, 42% of the HCC group and
78% of the LC group showed ascites, and there was
a significant difference between the two groups (P <
0.001). The severity of liver disease in the HCC and
cirrhotic groups was assessed using the child score;
36% of HCC group scored child A, 36% scored child
B, and 28% scored child C compared to 12.5%, 28%,
and 59.5% in the LC group, respectively (P < 0.001),
consistently with the conclusion that the LC group had
a more decompensated pattern than the HCC group.
Spearman’s rank analysis of the studied serological
markers for the control group showed a maximum rho
of -0.218, indicating little or no correlation between
age and analyte level in the control group, because the
rho value was in the range of 0-(-0.25), as shown in
Supplementary Table 1.

Use of the multi-class classifier: We used the
glmnet function to analyze the input data based on
the multinomial logit mode. To find the best fit, we
used the cross validation version of the glmnet, which
tested different values of the lambda parameter. The
four classes were labeled with discrete values between
1 and 4. To evaluate the performance of the model,
we used the predict function to compute the response
after applying the model. The predicted values were
float values ranging between 1 and 5. To find the best
cutoffs differentiating among different classes, we used
receiver operating characteristic (ROC) curve analysis
over pairs of classes.
The use of the binary-class classifier over
pairs of classes: We tested different pairwise class
combinations in nine combinations: (1) disease vs
control; (2) HCV vs control; (3) HCC vs HCV; (4) HCC
vs LC; (5) LC vs CHC; (6) CHC vs control; (7) HCC vs
non-HCC; (8) LC vs control; and (9) HCC vs LC. For
each of these combinations, we used the glm function
to analyze the input data based on the binomial logit
mode. We used the predict function in combination
with ROC curve analysis to find the best cutoffs
differentiating the two classes in each combination.
Visualization of the results was performed using
different R packages and functions.

Serological marker levels in patients diagnosed with
HCC, liver cirrhosis, and chronic hepatitis C and in
healthy controls

RESULTS
The clinical data of the studied groups are shown
in (Table 1). The mean age of the HCC group was
significantly higher than that in other groups (P <
0.001). Thus, there was a trend of increasing age with
the progression of the disease from chronic hepatitis
through liver cirrhosis to hepatocellular carcinoma.
Regarding gender differences, in the majority of
the HCV related liver disease patients in the three
groups were male. Risk factors for HCC such as
diabetes mellitus (DM) were reported in 22.5% of HCC
patients, 23% of LC patients, 8% of CHC patients, and
0% of controls. The percentage of diabetic patients
was significantly higher in patients with HCC and LC
compared to the CHC group and the control group (P
< 0.001).
Cigarette smokers comprised 39% of the HCC
group, 27% of the LC group, 21% of the CHC group,
and 3% of the control group, with a significant
difference between patients with (HCC and CHC)
and the control group (P < 0.001). There was no
significance between the LC group and either the HCC
group or the CHC group.
Regarding liver function, the median value of
ALT was significantly higher in the HCV related liver
disease patients in the three patient groups than in
the control group (P < 0.001). The median value of

WJG|www.wjgnet.com

The levels of the studied biomarkers in the different
studied groups were expressed as box plots with
scattered measurement points (Figure 1); more details
such as the mean ± SD, median and range are shown
in (Table 2).
The median proteasome serum concentration was
significantly elevated in patients with HCC compared
with patients with LC and CHC and healthy controls (P
< 0.001) with mean values 0.91 ± 0.6, 0.25 ± 0.25,
0.68 ± 0.58, and 0.19 ± 0.3 μg/mL, respectively.
However, the median proteasome concentration was
significantly elevated in patients with CHC compared
with patients with LC and the healthy controls (P <
0.001).
Moreover, the median concentration of serum IL-8
was significantly higher in patients with HCC and LC
than in patients with CHC and the healthy controls,
with mean values of 518.19 ± 656.23 pg/mL, 552.9
± 732.2 pg/mL, 283.76 ± 442.7 pg/mL, and 238.8 ±
431.6 pg/mL, respectively (P < 0.001). However, there
was no significant difference in the median proteasome
concentrations in patients with HCC and LC (P = 0.09).
Additionally, no significant difference was observed in
median proteasome concentrations in patients with
CHC and healthy controls.
Additionally, the median serum concentration of
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Table 1 Clinical data of the studied groups n (%)

Age, mean ± SD (range)
Gender
Male
Female
Smoker
Yes
No
DM
Yes
No
HCV Ab
Present
Absent
HBs Ag
Present
Absent
Ascites
Yes
No
Child score
A
B
C
ALT,
mean
(range)
median
AST,
mean
(range)
median
T-Bil,
mean
(range)
median
Albumin,
mean
(range)
median
AFP,
mean
(range)
median

HCC (n = 192)

Cirrhotic (n = 96)

Non-cirrhotic (n = 96)

Control (n = 95)

P value

56.7 ± 7.7a (29-80)

54.01 ± 8.3b (27-66)

40.54 ± 8.82c (22-61)

33.37 ± 11d (19-62)

< 0.001

152a (79)
40 a (21)

67a (70)
29a (30)

78a (81)
18a (19)

21b (22)
74b (78)

< 0.001

75a (39)
117a (61)

26ab (27)
70ab (73)

20b (21)
76b (79)

3c (3)
92c (97)

< 0.001

43a (22)
149a (78)

22a (23)
74a (77)

8b (8)
88b (92)

0c (0)
95c (100)

< 0.001

168a (88)
24a (12)

90a (94)
6a (6)

96b (100)
0b (0)

0c
95c (100)

< 0.001

0 (0)
191 (100)

0 (0)
96 (100)

0 (0)
96 (100)

0 (0)
95 (100)

0.57

86a (45)
106a (55)

75b (78)
21b (22)

0c (0)
96c (100)

0c (0)
95c (100)

< 0.001

69a (36)
69a (36)
49a (28)

12b (12)
27a (28)
57b (60)

64.79 ± 52.737
(5-395)
51a

63.6 ± 42.54
(6-290)
60a

63.41 ± 44.22
(10-223)
54a

21.84 ± 5.04
(11-33)
22b

< 0.001

94.39 ± 105.61
(16-1155)
77a

53.91 ± 31.72
(16-176)
46.5b

47.53 ± 29.04
(8-167)
39.5b

26.68 ± 5.07
( 15-37)
27c

< 0.001

2.4 ± 2.63
(0.3-25.8)
1.7a

3.25 ± 2.51
(0.2-19.7)
2.86b

0.88 ± 0.49
(0.3-5)
0.84c

0.79 ± 0.16
(0.5-1.1)
0.8c

< 0.001

3.02 ± 0.63
(1.8-4.8)
3.1a

2.55 ± 0.51
(1.7-4.3)
2.5b

4.28 ± 0.4
(3.2-5.4)
4.2c

4.45 ± 0.34
(3.8-5.2)
4.5d

< 0.001

3933.25 ± 16142
(1.5-114170)
152a

35.21 ± 40.1
(1.7-190)
17.95b

18.19 ± 29.62
(0.65-112)
4.6c

0
0d

< 0.001

< 0.001

a-d

Groups bearing different initials are significantly different. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AFP: α-fetoprotein; DM:
Diabetes mellitus; T-Bil: Total bilirubin.

sICAM-1 was significantly elevated in patients in the
HCC group compared to patients with LC and CHC and
the healthy controls with mean values of 1034.73 ±
373.7 ng/mL, 978.17 ± 540.17 ng/mL, 570 ± 287 ng/
mL, and 493 ± 188 ng/mL, respectively (P < 0.001).
However, there was no significant difference in median
sICAM-1 concentrations in patients with CHC and the
healthy controls (P = 0.07). Moreover, the median
serum concentration of sTNF-RⅡ was significantly
higher in patients with LC compared to patients with
HCC, CHC, and the control group with mean values of
6984.5 ± 626.8 pg/mL, 7058.31 ± 1338.78 pg/mL,
5456 ± 1531.7 pg/mL, and 3400 ± 1519 pg/mL,
respectively (P < 0.001). Also, the median sTNR-R
Ⅱ serum concentration was significantly elevated in
patients with HCC compared with patients with CHC
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and the healthy controls (P < 0.001).
Additionally, the median concentration of β-catenin
was significantly higher in patients with HCC than in
patients with (LC and CHC) and healthy controls (P <
0.001) with mean values 11.26 ± 5.49 ng/mL, 9.34
± 5.13 ng/mL, 8.8 ± 4.07 ng/mL, and 7.5 ± 3.2 ng/
mL, respectively, whereas there were no significant
differences in its median β-catenin concentrations in
patients with LC and CHC (P = 0.76).

Correlation analysis of the studied serological markers

Correlation analysis of the studied serological markers
performed with Spearman’s correlation coefficient
(Table 3) revealed a moderately positive correlation
between sTNF-RⅡ and sICAM-1 or β-catenin (r =
0.482, 0.264; P < 0.01), respectively, and the rho
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Figure 1 Box plots with scattered measurement points showing distribution of measured serum markers levels in different investigated groups. Sample
groups on x axis and protein concentrations on Y axis. The markers from left to right are proteosome (PrtS), ICAM (sICAM-1), IL-8, β-catenin (bCat), sTNF-RⅡ (sTNF),
and AFP. The box defines the boundaries of the first and third quartiles of data and the median values are indicated by horizontal lines within the boxes.

values were in the range of (0.25-0.5). However, there
was little positive correlation or no correlation between
the levels of IL-8 and the proteasome, sICAM-I,
sTNF-RⅡ, or β-catenin levels (r = 0.240, 0.233, 0.184,
0.141; P < 0.01), respectively. Additionally, there was
little positive correlation or no correlation between the
proteasome levels and sICAM-I, β-catenin, and sTNF-R
Ⅱ (r = 0.240, 230, 0.18; P < 0.01), respectively.
Moreover, there was little positive correlation or
no correlation between the levels of β-catenin and
sICAM-1 (r = 0.222; P < 0.01), because the rho
values were in the range of (0-0.25).

logistic regression. Individual serum marker results
revealed that sTNF-RⅡ had the highest diagnostic
performance in discriminating LC cases from healthy
controls (AUC = 0.981); CHC cases from healthy
controls (AUC = 0.857); LC cases from CHC cases (AUC
= 0.829); diseased cases (patients with HCC, LC, and
CHC) from healthy controls (AUC = 0.951); and HCV
cases (patients with LC and CHC) from healthy controls
(AUC = 0.928). However, the proteasome levels had
the highest diagnostic performance in discriminating
HCC cases from LC cases (AUC = 0.981). AFP had
the highest diagnostic performance in discriminating
HCC cases from HCV cases (AUC = 0.849); HCC cases
from non-HCC cases (healthy controls, LC group, CHC
group) (AUC = 0.902); HCC cases from CHC cases
(AUC = 0.908), and HCC cases from healthy controls
(AUC = 0.986).
Additionally, the results in the table showed that
Method 2 (the binary-class classifier) over the different
pairwise comparison of the studied groups was
superior to both Method 1 (the multi-class one) and
individual markers, as shown in (Figures 2 and 3). For
the discrimination of HCC cases from LC cases; Method
2 offered improved diagnostic performance (AUC =
0.962) over Method 1 (AUC = 0.840) and the top
performing marker, proteasome levels (AUC = 0.911).

Application of the mathematical model in data analysis

Further analyses of the data using ROC analysis curves
and the corresponding area under the curve were
performed to investigate the diagnostic accuracy of the
individual studied markers and combined markers with
AFP.
Table 4 summarizes the area under the curve
(AUC) for individual serum markers and combined
markers, using two different methods, in different
comparisons of the studied groups. Method 1 was
the implementation of a multi-class classifier based
on logistic regression, whereas method 2 was the
implementation of a binary-class classifier based on
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Table 2 Levels of the studied serological markers in different investigated groups

Proteosome,
median
mean ± SD
range
IL-8,
median
mean ± SD
range
sICAM-1,
median
mean ± SD
range
sTNF-RII,
median
mean ± SD
range
β-catenin,
median
mean ± SD
range

HCC (n = 192)

Cirrhotic (n = 96)

Non-Cirrhotic (n = 96)

Control (n = 95)

P value

0.8a
0.91 ± 0.6
0.13-1.87

0.17b
0.25 ± 0.25
0.12-1.67

0.4c
0.68 ± 0.58
0.09-1.83

0.16d
0.18 ± 0.3
0.01-2.22

< 0.001

107a
518.19 ± 656.23
14-1837

55a
552.9 ± 732.2
14-1811

36.5b
283.76 ± 442.7
8-1734

47b
238.8 ± 431.6
3-1719

< 0.001

1072.5a
1034.73 ± 372.7
79-2419

892b
978.17 ± 540.17
31-2838

510.5c
570 ± 287
46-1654

473c
493 ± 188
37-1078

< 0.001

6785a
7058.31 ± 1338.78
3250-12776

7011.5b
6984.5 ± 626.8
4351-9919

5948.5c
5456 ± 1531.7
1772-9403

3190.5d
3400 ± 1519
495-7157

< 0.001

10.1a
11.26 ± 5.49
4.3-55.4

7.95b
9.34 ± 5.13
5.0-49.2

7.85b
8.81 ± 4.07
3.8-41.6

6.8c
7.5 ± 3.2
4.3-28.4

< 0.001

a-d

Groups bearing different initials are significantly different. IL-8: Interleukin-8; sTNF-RII: Soluble tumor necrosis factor receptor II; sICAM-1: Soluble
intercellular adhesion molecule-1.

Table 3 Correlation analysis of different studied markers showing Spearman’s rho value and P value

Proteosome
IL-8
sICAM-1
sTNF-RII
β-catenin

Proteosome

IL-8

sICAM-1

sTNF-RII

β-catenin

1

0.2401
0.000
1

0.2401
0.000
0.2331
0.000
1

0.1851
0.000
0.1841
0.000
0.5471
0.000
1

0.2301
0.000
0.1411
0.003
0.2221
0.000
0.2641
0.000
1

0.2401
0.000
0.2401
0.000
0.1851
0.000
0.2301
0.000

0.2331
0.000
0.1841
0.000
0.1411
0.003

0.5471
0.000
0.2221
0.000

0.2641
0.000

1

Correlation is significant at the 0.01 level (2-tailed). IL-8: Interleukin-8; sTNF-RII: Soluble tumor necrosis factor receptor II; sICAM-1: Soluble intercellular
adhesion molecule-1.

For the discrimination of HCC cases from CHC cases,
Method 2 offered improved diagnostic performance
(AUC = 0.972) over Method 1 (AUC = 0.967) and the
top performing marker, AFP (AUC = 0.908). For the
discrimination of HCC cases from healthy controls,
Method 2 offered improved diagnostic performance
(AUC = 1) over Method 1(AUC = 0.998) and the top
performing marker, AFP (AUC = 0.986).
Table 5 presents the best cutoff based on Youden
statistics for each model and the related statistical
measures of the performance for the binary-class
classifier. All models over different pairwise comparisons
of the studied groups achieved high diagnostic
performance using all measures: the sensitivity
ranged from 80.5% to 100%; the specificity ranged
from 90.5% to 100%; the accuracy ranged from
88.9% to 100%; the PPV (positive predictive values)
ranged from 87.9% to 100%; and the NPV (negative
predictive values) ranged from 81.3% to 100%.
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Table 6 presents the different binary-class classifier
based mathematical models that best fit the data
for each pairwise comparison. Table 7 presents the
reduced models with the most significant markers
(significance level at P < 0.05) and with the best cutoff. From these models, only three markers (sTNF-R
Ⅱ, proteasome, and AFP) were able to discriminate
healthy controls from all other groups. For further
discrimination between the other studied groups;
sICAM-1, IL-8, and β-catenin were also needed in
addition to sTNF-RⅡ, the proteasome, and AFP.
The algorithmic use of different models for making
a final prediction among different groups (accordingly
solving the multi-class classification problem) could
be performed as follows: First, use the mathematical
model involving sTNF-RⅡ, the proteasome, and AFP
with a cut-off of 0.764 to discriminate disease cases
from healthy controls. Second, for disease cases,
discriminate HCC cases from HCV cases by using
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Table 4 Area under curve of individual markers vs combined one using (method 1 and 2) in different combinations of groups

Disease vs Control
HCC vs LC
HCC vs HCV
HCC vs Non-HCC
HCV vs Control
LC vs CHC
CHC vs Control
LC vs Control
HCC vs Control
HCC vs CHC

Method 1

Method 2

Proteasome

IL-8

sICAM-1

sTNF-RII

β-catenin

AFP

0.979
0.841
0.866
0.917
0.957
0.695
0.917
0.990
0.998
0.967

0.992
0.962
0.952
0.970
0.983
0.951
0.968
1.000
1.000
0.971

0.834
0.911
0.799
0.848
0.726
0.220
0.846
0.637
0.927
0.648

0.612
0.576
0.639
0.652
0.543
0.648
0.471
0.597
0.672
0.724

0.825
0.585
0.705
0.787
0.716
0.769
0.571
0.825
0.917
0.867

0.951
0.424
0.568
0.724
0.928
0.829
0.857
0.981
0.970
0.762

0.768
0.718
0.723
0.771
0.677
0.494
0.678
0.676
0.846
0.730

0.923
0.804
0.849
0.902
0.850
0.736
0.749
0.924
0.986
0.908

Method 1 is based on multi-class classifier and Method 2 is based on binary-class classifier. HCV group: Include LC and CHC groups; Disease group: HCC,
CHC and LC groups. CHC: Chronic hepatitis C; LC: Liver cirrhosis; AFP: α-fetoprotein; HCV: Hepatitis C virus.

[28]

the corresponding mathematical model in the table
involving the levels of sTNF-RⅡ, the proteasome,
sICAM-1, β-catenin, and AFP with a cut-off of 0.712.
Third, for HCV cases, proceed to discriminate LC cases
from CHC cases by using the respective mathematical
model with a cut-off of 0.582. The decision tree
representing this algorithm is shown in (Figure 4).

previous studies by Shimizu et al , 1995 and Moriyama
[29]
et al , 2006, which have reported that increasing
levels of sICAM-1 over time represent a significant HCC
risk factor in patients with HCV-associated CH or LC.
ROC curve analysis of the individual markers revealed
that serum levels of sICAM-1 had excellent diagnostic
accuracy for the discrimination of the HCC group
from the control group, because the AUC was in the
range of (0.9-1), and had good diagnostic accuracy in
discriminating the HCC group from the CHC group as
AUC was in the range of (0.8-0.89), whereas it failed
to have diagnostic accuracy in discriminating the HCC
group from the LC group, because the AUC was in the
range of (0.5-0.59). Thus, regular measurements of
sICAM-1 concentrations may be used as a diagnostic
marker for the early detection of HCC in healthy controls
and CHC patients.
Serum levels of β-catenin were significantly higher
in the HCC group than in the other groups (P <
0.001), whereas there was no significant difference
in the levels in the LC group and the CHC group.
These results are is consistent with those from our
[22]
previous study, Zekri et al , 2011, which has found
that serum levels of β-catenin are higher in patients
with HCC compared with CH, ASC (chronic HCV with
persistent normal alanine aminotransferase levels) and
healthy control groups. In agreement with our results,
[30]
[27]
previous studies by Li et al
and Guan et al
have
reported higher nuclear accumulation of β-catenin in
HCC tissue than in the corresponding para-carcinoma,
cirrhotic, and normal tissues. ROC curve analysis of
the individual markers revealed that serum levels
of β-catenin had good diagnostic accuracy for the
discrimination of the HCC group from the control
group, because the AUC was in the range of (0.8-0.89),
and had fair diagnostic accuracy in discriminating
between the HCC group and the LC group, and
between the HCC group and the CHC group, because
the AUC was in the range of (0.7-0.79). These data
suggested that serum levels of β-catenin may be used
as a diagnostic marker for the early detection of HCC
in the normal population, CHC, and LC patients.
Serum levels of proteasome were significantly

DISCUSSION
Hepatocellular carcinoma (HCC) is a common disorder
worldwide that ranks as the fifth and eighth most
[24]
common cancer among men and women, respectively .
In Egypt, HCC is the first and second most common
[24]
cancer among men and women, respectively . The
rising incidence of HCC in Egypt may be explained by
[25]
the high prevalence of HCV , estimated nationally to be
[4]
approximately 14% .
Early diagnosis is crucial for improving the survival
rate of patients. The serum level of AFP is often not
significantly elevated in patients with early-stage,
[5]
potentially curable, HCC .
Therefore, finding a new appropriate panel of
serum markers rather than a single marker is necessary
for the early detection of HCC in normal populations
(healthy controls) and in high risk patients (CHC and LC
patients).
Our study was conducted as a complementary study
[23]
to our previously published papers by Zekri et al ,
2015 to investigate whether combinations of serum
sICAM-1, β-catenin, IL-8, proteasome, and sTNF-RⅡ
levels or subsets of these biomarkers with AFP, using
logistic disease predictor models, could facilitate the
early detection of HCC.
Our study revealed that the serum level of AFP
was significantly elevated in the HCC group than the
other groups, a finding in concordance with those from
[26,27]
previous studies by many authors
.
The serum level of sICAM-1 was significantly
elevated in the HCC group compared with other
groups (P < 0.001). However, there was no significant
difference between the CHC group and the control
group. These data are consistent with those from
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Figure 2 Receiver operating characteristic curves for the three pairwise comparisons of investigated groups used in our algorithm. The leftmost column
includes receiver operating characteristic (ROC) curves for individual markers, The middle columns includes ROC curves for Method 1 based on for the multi-class
classifier, and the rightmost column includes ROC curves for Method2 based on binary class classifiers. On the ROC curve of Method 2, we depict the respective
model and appropriate cut-offs. The different ROC curves for proteasome, IL-8, sICAM-1, sTNF-RⅡ, β-catenin, and AFP in the leftmost column are colored black,
red, green, blue, cyan, and yellow, respectively. Prts: Proteasome.

higher in the HCC group than in the other groups (P
< 0.001). This result is consistent with results from a
[13]
previous study by Henry et al , which has found that
plasma proteasome levels are significantly higher in
patients with HCC compared with the LC group and the
control group. However, serum levels of proteasome
were also significantly elevated in the CHC group than
in the LC group and the control group (P < 0.001).
ROC curve analysis of the individual markers revealed
that serum proteasome levels showed excellent
diagnostic accuracy in discriminating between the
HCC group and the LC group, and also between the
HCC group and the control group, because the AUC
was in the range of (0.9-1). However, it showed poor
diagnostic accuracy between in discriminating the HCC
group from the CHC group, with an AUC in the range
of (0.6-0.69). These data suggested that serum levels
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of proteasome are a reliable diagnostic marker for the
early detection of HCC in normal populations and LC
patients.
Serum levels of sTNF-RⅡ were significantly higher
in patients with HCC than in the CHC group and the
control group (P < 0.001). This result is concordant
[21]
with results from our previous study, Zekri et al ,
which has reported significantly elevated serum levels
of sTNF-RⅡ in patients with HCC than in patients with
CLD (chronic liver disease associated with elevated
liver enzyme levels), ASC (a symptomatic liver disease
associated with normal liver enzyme levels), and the
control group. However, the serum level of sTNF-RⅡ
was significantly higher in patients with LC than in HCC
patients in our current study (P < 0.001). The ROC
curve analysis of the individual markers revealed that
the serum level of sTNF-RⅡ had excellent diagnostic
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Figure 3 Receiver operating characteristic curves of individual markers vs Method 2 (based on binary class-calssifier) over different pairwise comparisons
discriminating hepatocellular carcinoma groups from liver cirrhosis group and chronic hepatitis C group. CHC: Chronic hepatitis C; LC: Liver cirrhosis; HCC:
Hepatocellular carcinoma.

Table 5 Statistical measurements of the diagnostic performance for the binary classifier over different pairwise comparison of the
investigated groups

Disease vs Control
HCC vs LC
HCC vs HCV
HCC vs Others
HCV vs Control
LC vs CHC
CHC vs Control
LC vs Control
HCC vs Control
HCC vs CHC

AUC

BT_Y

Spec (%)

Sen (%)

Acc (%)

TN

TP

FN

FP

NPV (%)

PPV (%)

0.992
0.962
0.952
0.970
0.983
0.950
0.968
1.000
1.000
0.971

0.764
0.655
0.712
0.378
0.764
0.581
0.341
0.500
0.500
0.745

96.8
98.8
98.7
91.0
96.8
90.6
90.5
100.0
100.0
96.8

96.0
89.1
80.5
91.4
91.3
91.9
93.7
100.0
100.0
89.7

96.2
92.3
88.9
91.2
93.5
91.3
91.8
100.0
100.0
91.6

92
85
148
223
92
58
86
95
95
62

312
156
141
160
137
79
60
86
175
157

13
19
34
15
13
7
4
0
0
18

3
1
2
22
3
6
9
0
0
2

87.6
81.7
81.3
93.7
87.6
89.2
95.5
100.0
100.0
77.5

99.0
99.3
98.6
87.9
97.8
92.9
86.9
100.0
100.0
98.7

BT_Y: Best cut off computed using Youden statistics, TP: True positive; TN: True negative; FP: False positive; FN: False negative; Sen: Sensitivity; Spec:
Specificity; Acc: Accuracy; PPV: Positive predictive value; NPV: Negative predictive value; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

[31]

accuracy in discriminating the HCC group from the
control group, because the AUC was in the range of
(0.9-1), and fair diagnostic accuracy in discriminating
the HCC group from the CHC group, because the AUC
was in the range of (0.7-0.79), whereas its diagnostic
accuracy in discriminating between the HCC group
and LC group was insignificant, because the AUC was
below 0.5. This result suggests that sTNF-RⅡ may be
used as a diagnostic marker for the early detection of
HCC in the normal population and CHC patients.
The serum level of IL-8 was significantly elevated
in patients with HCC and LC compared with the CHC
group and healthy controls (P < 0.001). This result is
concordant with results from a previous study by Elewa
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et al , which has reported that the serum level of IL-8
is significantly higher in patients with HCV-associated
HCC than in patients with chronic hepatitis C without
HCC and healthy controls, as well as a previous study
[10]
by Ren et al , which has reported that the IL-8 serum
level is significantly higher in patients with HCC than in
the control group. Moreover, this result is in agreement
with those from a previous study by Zimmermann et
[32]
al , which has reported that the level of serum IL-8
is significantly higher in patients with LC than in those
with CH and healthy controls. However, in the present
study, there was no significant difference between the
HCC group and the LC group, or between the CHC
group and control group. ROC curve analysis of the
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Table 6 Disease logistic predictive models based on binary-class classifier over different pairwise comparisons of the investigated
groups
Combination
Disease vs Control
HCC vs LC
HCC vs HCV
HCC vs Non-HCC
HCV vs Control
LC vs CHC
CHC vs Control
LC vs Control
HCC vs Control
HCC vs CHC

Model
[-11 + 6.83 × Prot + (-5.99 × 10-5) × IL-8 + 3.12 × 10-4 × sICAM + 0.0013 × sTNF-RII + 0.172aβ-catenin + 0.283 × AFP]
[P values = 6.83E-10, 1.86E-05, 0.938962, 0.764414, 6.79E-08, 0.225761, 0.000818]
[11.33 + 7.380 × Prot + (-2.047 × 10-4) × IL-8 + 0.0011 × sICAM + 6.299 × 104 × sTNF + 0.26 × β-catenin + 0.016 × AFP]
[P values = 3.22E-05, 7.11E-07, 0.591834, 0.041838, 0.056595, 0.000357, 0.000638]
[-11.9 + 3.222 × Prot + (3.813 × 10-4) × IL + 0.00152 × sICAM + (6.481 × 10-4) × sTNF + 0.0291 × β-catenin + 0.019 × AFP]
[P values = 1.39E-11, 2.63E-12, 0.231248, 0.000928, 0.000952, 5.41E-06, 5.09E-06]
[-12.27 + 3.3 × Prot + 0.0004 × IL + 0.00155 × sICAM + (6.803 × 10-4) × sTNF + 0.294 × β-catenin + 0.02 × AFP]
[P values = 5.26E-13, 4.14E-13, 0.211689, 0.000767, 0.000388, 3.89E-06, 3.42E-06]
[-10.84 + 6.80 × Prot + (2.68 × 10-5) × IL-8 + 0.00017 × ICAM + 0.00126 × sTNF + 0.1742 × β-catenin + 0.278 × AFP]
[P values = 1.12E-09, 1.87E-05, 0.972804, 0.875503, 9.02E-08, 0.227858, 0.000935]
[-10.16 + (-4.487) × Prot + 0.00134 × IL-8 + 0.0021 × sICAM + 0.0018 × sTNF + (-0.2984) × β-catenin + 0.0217 × AFP]
[P values = 0.002674, 0.000351, 0.052275., 0.021958, 0.000211, 0.009838, 0.030621]
[-9.354 + 6.634 × Proteasome + (-0.00166) × IL-8 + (-0.00126) × sICAM + 0.001111 × sTNF + 0.208624 × β-catenin + 0.24604 × AFP]
[P values = 1.40E-07, 1.64E-05, 0.2627, 0.3799, 8.55E-06, 0.1477, 0.0016]
[-515.7 + 108.7 × Proteasome + 0.01295 × IL-8 + 0.0194 × sICAM + 0.05745 × sTNF + 4.485 × β-catenin + 12.59 × AFP]
[P values = 0.997, 0.998, 0.999, 0.999, 0.998, 0.998, 0.995]
[-375.640 + 122.598 × Prot + (-0.0577) × IL + 0.0368 × sICAM + 0.0427 × sTNF + 1.1533 × β-catenin + 13.584 × AFP]
[P values = 0.737, 0.802, 0.823, 0.917, 0.812, 0.923, 0.66]
[-10.40 + 1.416 × Prot + 0.002024 × IL-8 + 0.0041 × sICAM + (4.251 × 10-4) × sTNF + 0.2.67 × β-catenin + 0.0244 × AFP]
[P values = 1.28E-07, 0.00826, 0.01827, 5.52E-05, 0.04942, 0.00391, 0.00354]

The values between brackets were the P values for the corresponding term parameter in the model respectively. Terms with P value < 0.05 are considered
significant. The first P value was for overall model.

Table 7 Final reduced disease logistic predictive models based on binary classifier with the most significant markers (achieved
regression P < 0.05)

Disease vs Control
HCC vs LC
HCC vs HCV
HCC vs Non-HCC
HCV vs Control
LC vs CHC
CHC vs Control
HCC vs CHC

Final reduced model (with relevant terms)

Best threshold

(-11 + 6.83 × Prot + 0.00129 × sTNF + 0.283 × AFP)
(-11.3 + 7.38 × Prot + 0.00108 × sICAM + 0.2574 × β-catenin + 0.01597 × AFP)
[-11.91 + 3.222 × Prot + 0.001518 × sICAM + (6.481 × 10-4) × sTNF + 0.291 × β-catenin + 0.0193 × AFP]
[-12.27 + 3.299 × Prot + 0.001548 × sICAM + (6.803 × 10-4) × sTNF + 0.2936 × β-catenin + 0.0198 × AFP]
(-10.84 + 6.803 × Prot + 0.00126 × sTNF + 0.2783 × AFP)
[-10.16 + (-4.487) × Prot + 0.002086 × sICAM + 0.001858 × sTNF + (-0.2984) × β-catenin + 0.02169 × AFP]
(-9.353476 + 6.63414 × Prot + 0.001111 × sTNF + 0.24604 × AFP)
[-10.40 + 1.416 × Prot + 0.002024 × IL-8 + 0.004096 × sICAM + (4.251 × 10-4) × sTNF + 0.2567 × β-catenin
+ 0.02442 × AFP]

0.764
0.655
0.712
0.378
0.764
0.582
0.341
0.745

CHC: Chronic hepatitis C; LC: Liver cirrhosis; AFP: α-fetoprotein; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.; sICAM-1: Soluble intercellular
adhesion molecule; sTNF: Soluble tumor necrosis factor.

individual markers revealed that the serum level of
IL-8 had fair diagnostic accuracy in discriminating the
HCC group from the CHC group, because the AUC was
in the range of (0.7-0.79), and had poor diagnostic
accuracy in discriminating the HCC group from the
control group, because the AUC was in the range
of (0.6-0.69), whereas it failed to have diagnostic
accuracy in discriminating between the HCC group and
the LC group, because the AUC was in the range of
(0.5-0.59). This result suggested that the serum level
of IL-8 may be used as diagnostic marker for the early
detection of HCC in CHC patients.
Correlation studies (Figure 5) showing the interplay
between the studied markers revealed a moderately
positive correlation between sTNF-RⅡ and sICAM-1.
A possible explanation of this result is that ICAM-1
expression is regulated through four primary pathways:
NF-κB, JAK/STAT and IFN-g, AP-1 and MAP Kinase,
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and PKC pathways. Ultimately, ICAM-1 is regulated
at the level of transcription by one of these signaling
[33]
cascades . It has previously been reported that
binding of TNF-α causes trimerization of TNFR-Ⅱ,
enabling its direct interaction with TRAF-Ⅱ, resulting
in the activation of transcription factors NF-κB or
[34]
AP-1 , and in turn leading to subsequent expression
of ICAM-1. Additionally, there was a moderately
positive correlation between sTNF-RⅡ and β-catenin. A
possible explanation for this result is that TNF-RⅡ can
also activate endothelial/epithelial tyrosine kinase (Etk)
independently of TRAF2. Active Etk mediates crosstalk
with vascular endothelial growth factor receptor
2 (VEGFR2) through reciprocal phosphorylation,
resulting in the activation of the phosphatidylinositol
[34]
3-kinase (PI3K)-Akt angiogenic pathway . PI3K
(phosphatidylinositol 3-Kinase)-mediated activation
of Akt/PKB (protein kinase-B) negatively regulates
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Mult-class problem

Use the disease predictor model discriminating between diseased groups and control group
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≥
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Figure 4 Algorithm of the disease predictor model for identifying muti-class problem. Each discrimination step in the algorithm has its own mathematical model
with the appropriate cutoff that was conceived from Table 7. CHC: Chronic hepatitis C; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma.
[35]

GSK3 . When GSK3 is active, it phosphorylates APC
and β-catenin and stimulates an interaction between
β-catenin and Beta-TRCP (Beta-transducin repeatcontaining protein), a regulator of E3 ubiquitin ligase,
[36]
which degrades β-catenin in proteasomes . Thus, the
inactivation of GSK3 inhibits β-catenin phosphorylation
and subsequent degradation, leading to the nuclear
accumulation of β-catenin. Moreover, our previous
[20]
study, Zekri et al has used correlation analysis of the
expressed genes in HCC cases associated with HCV
infection to reveal a significant negative correlation
between GSK3B and AKT (P = 0.04), characterized by
GSK3B downregulation with overexpression of AKT at
the m-RNA level.
Further analysis of the data, using the R package
and different modules for binary and multi-class
classifiers based on generalized linear models, was
carried out to model the top performing markers with
AFP, in order to improve the diagnostic performance
and the predictive power for the early detection of
HCC. ROC curve analysis of the different modules
revealed that using a binary classifier over different
pairwise comparisons was superior to using the multiclass classification. Additionally, using a binary classifier
based on a linear model offered an improvement in the
diagnostic performance over using the top performing

WJG|www.wjgnet.com

individual marker in each pairwise comparison. The
performance of the binary classifier based linear
model was evaluated by measuring the predictive
power (PPV). The performance of the model was high,
because the PPV was in the range of (87%-100%)
over different pairwise comparisons.
From these models (Table 7), only three markers
(sTNF-RⅡ, proteasome, and AFP) were able to discri
minate the control group from all other groups. To
discriminate among different other groups, sICAM-1,
β-catenin, and IL-8 were required. The use of different
models for resolving the multi-class classification
problem may be performed as follows: First, use the
mathematical model based on the binary classifier
(-11 + 6.83 × proteasome + 0.00129 × sTNF +
0.283 × AFP) with the cutoff of 0.764 to discriminate
controls from disease cases. For disease cases, first
discriminate HCC cases from HCV cases (cases with
LC and CHC) using the mathematical model based on
the binary classifier [-11.91 + 3.222 × proteasome +
-4
(3.813 × 10 ) × IL-8 + 0.001518 × sICAM + (6.481
-4
× 10 ) × sTNF + 0.2906 × β-catenin + 0.01931 ×
AFP] with the cutoff of 0.712. If the cases have HCV,
proceed to discriminate LC cases from CHC cases
using the mathematical model based on the binary
classifier [-10.16+ (-4.487) × proteasome + 0.002086
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Figure 5 The hypothetical mechanism between tumor necrosis factor receptor Ⅱ and β-catenin. TNF-RⅡ: Tumor necrosis factor receptor Ⅱ.

× sICAM + 0.001858 × sTNF + (-0.2984) × β-catenin
+ 0.02169 × AFP] with a cutoff of 0.582.
In general, for the early detection of hepatocellular
carcinoma in high risk patients; using the mathematical
model based on the binary classifier (-11.33 + 7.38 ×
proteasome + 0.001081 × sICAM + 0.2574 × β-catenin
+ 0.01597 × AFP) with a cutoff of 0.655 improved the
diagnostic accuracy of the discrimination of the HCC
group from the LC group, with an AUC value of 0.961,
98.8% specificity, and 89.1% sensitivity. Additionally,
using the mathematical model based on the binary
classifier (-11.33 + 7.38 × Proteasome + 0.00108 ×
sICAM + 0.2574 × β-catenin + 0.01597 × AFP) with a
cutoff of 0.655 improved the diagnostic performance
in discriminating the HCC group from the CHC group,
with an AUC value of 0.971, 96.8% specificity, and
89.7% sensitivity.
In conclusion, this disease predictor model may be
a valuable tool for the early detection of the statuses
of different liver diseases co-occurring HCV infection
in an accurate, non-invasive, inexpensive, and rapid
manner. Our recommendation is to perform further
studies to evaluate the mathematical model on a
larger scale (validation dataset) and to generalize the
early detection of HCC for other etiologic agents rather
than HCV.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of the First
People’s Hospital of Shunde, Foshan, China.

AIM: To examine the effect of the potential interaction
between KIF1B variants (rs17401966 and rs3748578)
and environmental factors on the risk of hepatocellular
carcinoma (HCC) in a high-risk region in China.

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: The authors declare that they
have no conflicts of interest related to this work.

METHODS: Three hundred and six patients with HCC
and 306 hospital-based control participants residing
in the Shunde region of Guangdong Province, China
were enrolled. Clinical characteristics were collected
by reviewing the complete medical histories from
the patient archives, and epidemiological data were
collected using a questionnaire and clinical examination.
Two single nucleotide polymorphisms (SNPs) of
KIF1B (rs17401966 and rs3748578) were chosen
for the current study. All subjects were genotyped

Data sharing statement: Technical appendix, statistical code,
and dataset are available from the corresponding author at
chensidong1@126.com.
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,
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using a TaqMan real-time polymerase chain reaction.
Multiplicative and additive logistic regression models
were used to evaluate various gene-environment
interactions.

ﬁfth most common cancer in men and seventh most
[1]
common cancer in women . Eastern Asia experiences
a large burden of the geographical distribution of HCC;
China alone accounts for approximately 55% of all HCC
[2]
cases worldwide . Prognosis of HCC patients is poor,
[3,4]
with an average 3-year survival rate of 13%-21% .
Due to the high disease burden worldwide, it is
important to identify individuals who are at a higher
risk of HCC and to identify risk factors that may be
modifiable. Several environmental factors that increase
the risk of HCC have been found, including chronic
infection with hepatitis B virus (HBV) or hepatitis C
virus (HCV), exposure to aflatoxin, and consumption
[5-7]
of alcohol .
However, only a small percentage of individuals
who are exposed to these risk factors will eventually
develop HCC, highlighting that genetic susceptibility
is another factor for the development of HCC. HCC
involves a complex interplay of multiple genetic and
[8]
environmental factors . However, underlying genetic
mechanisms of hepatocellular carcinogenesis have not
yet been fully elucidated.
Kinesin superfamily proteins (KIFs) make up a
[9]
large gene family of microtubule motor proteins .
KIF1B, a member of the KIF family, maps to a gene
locus at 1p36.22 and encodes two alternatively spliced
isoforms, KIF1Bα and KIF1Bβ; both isoforms form
homodimers and transport mitochondria and synaptic
vesicle precursors, respectively. It has been postulated
that KIF1B acts as a tumor suppressor. Downregulation
of KIFs has been shown to contribute to tumorigenesis
of certain cancers, including brain, colon and breast
[10]
[11]
cancers . Recently, Zhang et al
performed a
genome-wide association study (GWAS) and found
that KIF1B is a promising susceptibility gene for HCC in
five independent Chinese populations. In this GWAS,
the most significant variant of KIF1B (rs17401966),
located in the intron of the gene, was associated
with a decreased risk of HCC [joint odds ratio (OR) =
-18
0.61, P = 1.7 × 10 ]. However, more recent studies
have not drawn the same conclusion. Al-Qahtani et
[12]
al
reported no significant association between the
rs17401966 variant of KIF1B and HBV-related HCC.
[13]
Sawai et al
also showed no association between
rs17401966 and HBV-related HCC in a Japanese
cohort. These inconsistent results may partly be due
to the distinct genetic architecture among the different
study populations. Additionally, the significant findings
[11]
obtained by Zhang et al
may have resulted from a
phenomenon known as the “winner’s curse,” where the
odds ratio of the candidate variant is overestimated in
[14]
the population, leading to reporting a positive result .
Another reason for the discrepancy among studies
could be the complex gene-environment interactions
involved in the development of HCC that have been
neglected. Hence, we conducted a case-control study
with HCC patients and hospital-based controls to
clarify the effect of rs17401966 in KIF1B on HCC. In
addition, one single nucleotide polymorphism (SNP),

RESULTS: Smoking, frequent consumption of raw
freshwater fish, hepatitis B virus (HBV) infection, and
a family history of HCC were important risk factors for
HCC in this population. Chronic infection with HBV was
the most important environmental risk factor for HCC
[odds ratio (OR) = 12.02; 95% confidence interval
(95%CI): 6.02-24.00]. No significant association was
found between the KIF1B variants alone and the risk
of HCC. Nevertheless, a significant additive effect
modification was observed between rs17401966 and
alcohol consumption (P for additive interaction =
0.0382). Compared with non-drinkers carrying either
the AG or GG genotype of rs17401966, individuals
classified as alcohol consumers with the AA genotype
of rs17401966 had a significantly increased risk of HCC
(OR = 2.36; 95%CI: 1.49-3.74).
CONCLUSION: The gene-environment interaction
between the KIF1B rs17401966 variant and alcohol
consumption may contribute to the development of
HCC in Chinese individuals.
Key words: Hepatocellular carcinoma; Kinesin family
member 1B; Environmental factors; Alcohol drinking;
Gene-environment interaction
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: KIF1B has been proposed as a promising
susceptibility gene for hepatocellular carcinoma
(HCC) by a recent genome-wide association study
(GWAS) in Chinese populations. However, the most
significant variant (rs17401966) in this GWAS yielded
inconsistent results in subsequent replication studies.
In this work, we evaluated the role of rs17401966 in
genetic susceptibility to HCC and gene-environment
interactions. Our study demonstrates that the geneenvironment interaction between the KIF1B rs17401966
variant and drinking alcohol significantly contributed to
the development of HCC in the Chinese population.
Chen JH, Wang YY, Lv WB, Gan Y, Chang W, Tian NN, Huang
XH, Liu L, Yu XF, Chen SD. Effects of interactions between
environmental factors and KIF1B genetic variants on the risk
of hepatocellular carcinoma in a Chinese cohort. World J
Gastroenterol 2016; 22(16): 4183-4190 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i16/4183.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i16.4183

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide. HCC ranks as the
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rs3748578, was in strong linkage disequilibrium (LD)
[15]
with rs17401966 , which was also associated with
HBV-induced HCC. We also investigated the potential
functional role of this variant rs3748578. We applied
both additive and multiplicative models using a logistic
regression analysis framework to assess the potential
interactions between the variants and environmental
factors in development of HCC in a Chinese cohort.

manufacturer’s protocol. Genomic DNA was extracted
from peripheral whole blood. All subjects were
genotyped using TaqMan real-time polymerase chain
reaction (Applied Biosystems, Foster City, CA, United
States) without knowledge of subjects’ infection status.
Samples were heated to 95  ℃ for 10 min followed
by 45 cycles of 95  ℃ for 15 s and 60  ℃ for 1 min.
The ABI Prism 7900HT Sequence Detection System
(Applied Biosystems, Carlsbad, CA, United States) was
used to analyze the endpoint fluorescence. To ensure
the accuracy of genotyping, > 5% of the samples were
randomly selected and repeated, yielding a 100%
concordance.

MATERIALS AND METHODS
Study population

Three hundred and six patients with HCC and 306
control patients were recruited from Shunde First
People’s Hospital (Foshan, China) from October 2010
to October 2012. A diagnosis of HCC was made
through a combination of liver function tests, serum
immunological markers, liver ultrasonography (US)
or computed tomography (CT), and pathological
confirmation. Patients were excluded if they were
diagnosed with cancer other than HCC after the
workup. Age and sex-matched control participants
with no history of cancer were enrolled from the
hospital at the same time as case enrollment. Clinical
characteristics were collected by reviewing the
complete medical histories from the patient archives,
including age, gender, serum α-fetoprotein (AFP)
levels, hepatitis B surface antigen (HBsAg) status,
HBV-DNA titer, alanine aminotransferase (ALT) levels,
aspartate aminotransferase (AST) levels, and total
bilirubin levels. Chronic infection with hepatitis B virus
(CHB) was diagnosed based on HBsAg seropositivity,
positive serum HBV-DNA levels, and continuously
elevated ALT over a period of 6 mo.
Epidemiological data were collected using a
questionnaire and clinical examination. The main
deﬁnitions of risk categories were as follows: (1) a
cigarette smoker is a person who smokes one or
more cigarettes per day for at least 6 mo; (2) an
alcohol drinker is a person who consumes beer, wine,
or hard liquor at least once weekly for at least 6 mo
during their lifetime; and (3) a family history of cancer
in the first degree relatives (parents, siblings, and
children). Written informed consent was obtained from
all subjects. The study was approved by the Ethics
Committee of the First People’s Hospital of Shunde.

Statistical analysis

Differences in the distribution of demographic charac
teristics, lifestyles, and HBV infection status between
2
cases and controls were evaluated using χ test and t
test, where appropriate. Hardy-Weinberg equilibrium
(HWE) was tested for the genetic variants in controls.
Logistic regressions were used to estimate the associa
tions of environmental factors with HCC and ORs and
corresponding 95% conﬁdence intervals (CIs) were
calculated. Logistic regressions were also fit to explore
associations of genetic variants and HCC, taking into
account both dominant and recessive inheritance
patterns. Potential gene-environment interactions were
studied using a logistic regression framework that
employed both multiplicative and additive interaction
models with a bootstrapping procedure. All statistical
analyses were conducted using Stata software, version
14.0 (College Station, TX, United States). All probability
analyses were two-sided tests where a P value < 0.05
was considered statistically significant.

RESULTS
A total of 306 patients with HCC (264 males and
42 females) and 306 controls (264 males and 42
females) were enrolled in the study with a mean age (±
standard deviation) of 55.84 (± 11.49) and 55.83 (±
11.67) years, respectively. The general characteristics
of the subjects are presented in Table 1. No significant
differences were found between healthy controls and
patients with HCC with regard to age and gender
(P = 0.992 and P = 0.998, respectively). Logistic
regression analysis suggested that smoking, frequent
consumption of raw freshwater fish, HBV infection, and
family history of HCC were important risk factors for
HCC in the Shunde region of China (Table 1).
The genotypic distributions of rs3748578 and
rs17401966 did not differ significantly between the
cases and controls (Table 2). Logistic regression
analysis failed to show a significant association
between HCC with either rs3748578 or rs17401966
for all genetic models (Table 3).
Tables 4 and 5 show the results of additive and
multiplicative interaction analysis between the two

Genetic variant genotyping

As previously described, rs1740966 variant was found
to be the most significant HCC-associated variant
with another candidate variant, rs3748578, in high[15]
linkage to rs1740966. Zhang et al
predicted that
both rs1740966 and rs3748578 may function in HCC
tumor suppression. Therefore, we chose two SNPs
(rs17401966 and rs3748578) of KIF1B for the current
study.
DNA was extracted using the TIANamp Blood
DNA Kit (Tiangen, Beijing, China) according to the

WJG|www.wjgnet.com

4185

April 28, 2016|Volume 22|Issue 16|

Chen JH et al . Interactions between KIF1B and environmental factors
Table 1 Distribution of selected characteristics and environmental factors in hepatocellular carcinoma cases and controls n (%)
Case (n = 306)

Variable
Age, yr (mean ± SD)
Sex
Male
Female
Tobacco smoking
No
Yes
Alcohol drinking
No
Yes
History of raw freshwater fish eating
No
Yes
Status of HBV infection
No
Yes
Family history of HCC
No
Yes

Control (n = 306)

P value

OR

3

95%CI

1

55.84 ± 11.49

55.83 ± 11.67

0.992

264 (86.27)
42 (13.73)

264 (86.27)
42 (13.73)

0.9982

95 (31.05)
211 (68.95)

139 (45.42)
167 (54.58)

< 0.0142

133 (43.46)
173 (56.54)

188 (38.56)
118 (61.44)

0.0122

1.00
2.45

1.24-4.82

111 (36.27)
195 (63.73)

171 (55.88)
135 (44.12)

0.0302

1.00
1.99

1.06-3.75

77 (25.16)
229 (74.84)

252 (82.35)
54 (17.65)

< 0.0132

1.00
12.02

6.02-24.00

256 (83.66)
50 (16.34)

294 (96.08)
12 (3.92)

< 0.0112

1.00
6.90

2.10-22.73

1

P value was calculated by the t test; 2P value was calculated by the χ2 test; 3ORs were adjusted for age. HBV: Hepatitis B virus; HCC: Hepatocellular
carcinoma; OR: Odds ratio.

Table 2 Distribution of rs3748578 and rs17401966 in hepatocellular carcinoma cases and controls n (%)
Variants
rs3748578

rs17401966

Genotypes

Case (n = 306)

Control (n = 306)

GG
AG
AA
AA
AG
GG

169 (55.22)
122 (39.87)
15 (4.91)
159 (51.96)
126 (41.18)
21 (6.86)

150 (49.02)
138 (45.10)
18 (5.88)
150 (49.02)
138 (45.10)
18 (5.88)

χ2

P value

HWE

2.39

0.303

0.058

1.04

0.595

0.058

HWE: Hardy-Weinberg equilibrium.

Table 3 Association analysis between KIF1B variants and risk of hepatocellular carcinoma development n (%)
Variants
rs3748578
GG
AG
AA
Dominant model
Recessive model
Additive model
rs17401966
AA
AG
GG
Dominant model
Recessive model
Additive model

Crude OR (95%CI)

P value

Adjusted OR (95%CI)

1

P value1

1.00
0.74 (0.36-1.52)
0.79 (0.57-1.09)
0.78 (0.57-1.07)
0.83 (0.41-1.67)
0.82 (0.63-1.07)

0.411
0.148
0.124
0.592
0.137

1.00
0.71 (0.33-1.53)
0.82 (0.58-1.62)
0.80 (0.57-1.13)
0.77 (0.36-1.65)
0.83 (0.62-1.10)

0.380
0.260
0.209
0.507
0.193

1.00
0.86 (0.62-1.20)
1.10 (0.56-2.15)
0.89 (0.65-1.22)
1.18 (0.62-2.26)
0.95 (0.73-1.23)

0.374
0.778
0.467
0.620
0.692

1.00
0.86 (0.62-1.20)
1.12 (0.57-2.21)
0.91 (0.64-1.27)
1.06 (0.52-2.15)
0.94 (0.71-1.25)

0.379
0.746
0.566
0.871
0.685

1

The adjusted ORs, 95% confidence intervals (CIs) and their corresponding P values were calculated in a logistic regression model by adjusting for age,
alcohol drinking, history of raw freshwater fish eating, history of chronic hepatitis B virus infection, family history of HBV infection, and family history of
hepatoma.

variants and the main environmental risk factors
for HCC. A significant additive interaction was seen
between rs17401966 and alcohol consumption (P =
0.0382). Compared with non-drinkers carrying the
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rs17401966 AG or GG genotype, individuals who
consumed alcohol and carried the AA genotype had a
significantly increased risk of HCC, with an adjusted
OR of 2.36 (95%CI: 1.49-3.74, P = 0.0382). No
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Table 4 Interaction analysis between rs3748578 and environmental factors in hepatocellular carcinoma development
Variant and environmental factors
rs3748578 and alcohol drinking
AG + AA
No
GG
No
AG + AA
Yes
GG
Yes
rs3748578 and history of raw freshwater fish eating
AG + AA
No
GG
No
AG + AA
Yes
GG
Yes
rs3748578 and history of chronic hepatitis B virus infection
AG + AA
No
GG
No
AG + AA
Yes
GG
Yes
rs3748578 and family history of HCC
AG + AA
No
GG
No
AG + AA
Yes
GG
Yes

Cases

Controls

OR

63
70
74
99

92
96
64
54

1.00
1.06
1.69
2.68

49
62
88
107

89
82
67
68

1.00
1.37
2.39
2.86

30
47
107
122

126
126
30
24

1.00
1.57
14.98
21.35

117
136
20
33

152
142
4
8

1.00
1.24
6.50
5.36

95%CI

P value1

P value

0.945

0.228

0.557

0.681

0.850

0.815

0.372

0.555

2

0.68-1.66
1.06-2.68
1.69-4.25

0.85-2.22
1.49-3.82
1.80-4.54

0.93-2.64
8.49-26.43
11.82-38.58

0.89-1.74
2.16-19.52
2.39-12.04

1

P values were calculated by the test for additive interaction; 2P values were calculated by the test for multiplicative interaction.

Table 5 Interaction analysis between rs17401966 and major environmental factors in hepatocellular carcinoma development
Variant and environmental factors
rs17401966 and alcohol drinking
AG + GG
No
AA
No
AG + GG
Yes
AA
Yes
rs17401966 and history of raw freshwater
fish eating
AG + GG
No
AA
No
AG + GG
Yes
AA
Yes
rs17401966 and history of chronic hepatitis B
virus infection
AG + GG
No
AA
No
AG + GG
Yes
AA
Yes
rs17401966 and family history of hepatoma
AG + GG
No
AA
No
AG + GG
Yes
AA
Yes

Cases

Controls

OR

69
64
78
95

91
97
65
53

1.00
0.87
1.58
2.36

53
58
94
101

88
83
68
67

1.00
1.16
2.30
2.50

32
45
115
114

126
126
30
24

1.00
1.41
15.09
18.7

125
128
22
31

152
142
4
8

1.00
1.10
6.69
4.71

95%CI

P value1

P value2

0.038

0.102

0.470

0.852

0.269

0.753

0.697

0.524

0.56-1.36
1.00-2.49
1.49-3.74

0.72-1.87
1.45-3.64
1.58-3.96

0.84-2.36
8.63-26.39
10.40-33.63

0.78-1.53
2.25-19.92
2.09-10.62

1

P values were calculated by test for additive interaction; 2P values were calculated by test for multiplicative interaction.

significant interactions were observed between the
rs3748578 variant and environmental factors.

HCC is a complex disease associated with many risk
[16]
factors and cofactors . The major risk factor for HCC
[17]
in China is clearly chronic HBV infection , with an
[18]
8%-20% prevalence of HBV
and approximately 93
[19]
million chronic HBV carriers . The proportion of HBVpositive HCC has signiﬁcantly increased, with 76% of
[20]
HCC cases being HBV positive , which was consistent
with 74.84% in our research. However, compared to
China, the proportion of HCV-positive HCC was high in
the United States, Italy, Japan, Brazil, Taiwan, Egypt,
[20]
and other countries . As we know, HCV prevalence

DISCUSSION
The current study aimed to investigate whether two
variants of KIF1B (rs17401966 and rs3748578)
interacted with environmental risk factors of HCC
to influence the risk of HCC. A significant additive
interaction was observed between rs17401966 and
alcohol consumption.
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[21]

in China is low (< 1.5%) , which is transmitted
primarily through intravenous drug use and invasive
[22]
medical treatment, particularly hemodialysis . The
overall prevalence of anti-HCV antibody (anti-HCV) in
[23-25]
Guangdong Province was about 0.50%
, after the
implementation of strict blood screening and other
procedural measures, and we did not describe the
relationship between HCV and HCC in the research.
In this study, we did not find a significant association
between rs17401966 and HCC. This result is not
consistent with the results reported in the GWAS
[11]
study by Zhang et al . One possible explanation for
this discrepancy is the fact that the study samples
were made up of individuals with different genetic
architectures, who were from south China and
Japan. Additionally, according to evolutionary theory,
individual common variants often exert modest effects
[26]
on common diseases . In other words, sufficient
statistical power to detect a disease with low penetrance
due to a specific variant would require enrollment of
thousands of subjects in the study. A recent metaanalysis of rs17401966 and HCC summarized data
from 7596 HCC cases and 9614 controls; this meta[15]
analysis supported Zhang et al’s
findings, indicating
a significant association between rs17401966 and
HCC. Nevertheless, according to the common diseasecommon variant (CDCV) hypothesis, cumulative effects
of multiple common variants or their interactions with
environment factors underlie common diseases. The
finding in the present study on the interaction between
rs17401966 and alcohol consumption fits the CDCV
[11]
hypothesis. Zhang et al
suggested a significant
association between rs17401966 genotypes and
expression of KIF1B in liver tissues, with carriers of the
G allele having a greater KIF1B level than individuals
without G allele (AA carriers). However, several
studies have found that the G allele of rs17401966
demonstrated a protective effect on the susceptibility
[27-29]
to HCC
. This inconsistency might be attributed
to the fact that there were heterogeneous population
structures. It is necessary to investigate the exact
effect of ethnicity on the association between KIF1B
polymorphisms and HCC risk in future. It has been
hypothesized that KIF1B can act as a tumor suppressor.
The mechanism by which this occurs is still unclear, but
KIF1B may induce apoptosis by acting downstream
[30]
of EglN3 prolyl hydroxylase , ultimately leading to
inhibition of malignant transformation and progression.
Alcohol consumption is common in Guangdong
[31]
Province, where the total drinking rate is 33.3% ,
with the region of Shunde having an even higher rate,
especially in residents who habitually drink brewed
[32]
Chinese rice wine . Ethanol, the active compound in
alcoholic beverages, is metabolized to acetaldehyde,
which has been found to be mutagenic and carcino
[33,34]
genic
, and other studies reported that alcohol
[35,36]
was involved in hepatocarcinogenesis
. Therefore,
a significant joint effect and interaction between
rs17401966 and alcohol consumption was observed,
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suggesting that gene-environment interactions may
provide further insights for comprehensive understanding
of HCC in the Shunde area.
Our study is not without limitations. Hospital-based
samples may lead to a selection bias of participants.
Secondly, the sample size was limited and statistical
power was insufficient for detection of a modest effect
size of individual common variants. Thirdly, only two
variants in the KIF1B gene were assessed in this study,
which may fail to reflect the genetic mechanism of
other KIF1B variants in the development of HCC.
In conclusion, we identified a statistically significant
interaction between the rs17401966 variant of KIF1B
and alcohol consumption that contributes to the
development of HCC in the Shunde region of China.
This study further supports the hypothesis that KIF1B
is an important susceptibility gene for HCC in the
Chinese population. Comprehensive studies with
larger sample sizes and more diverse independent
populations are warranted to better understand the
underlying mechanisms of KIF1B genetic variants in
the development of HCC.

COMMENTS
COMMENTS
Background

Several environmental factors have been identiﬁed that increase the risk
of hepatocellular carcinoma (HCC). However, only a small percentage of
individuals who are exposed to these risk factors will eventually develop HCC,
highlighting genetic susceptibility as another factor at play in the development of
HCC. HCC involves a complex interplay of multiple genetic and environmental
factors.

Research frontiers

According to a recent genome-wide association study, KIF1B has been
identified as a promising susceptibility gene for HCC in Chinese adults.
However, one of the significant variants (rs17401966) in this study yielded
inconsistent results in the subsequent replication studies. Indeed, it is important
to evaluate the role of rs17401966 in genetic susceptibility to HCC and geneenvironment interactions.

Innovations and breakthroughs

The authors confirm the gene-environment interaction between the KIF1B
rs17401966 variant and alcohol consumption in the development of HCC in
Chinese individuals.

Applications

KIF1B SNPs and gene-environment interaction should be added as valuable
knowledge in the field of hepatology.

Peer-review

The authors conducted a case-control study with HCC patients and hospitalbased controls to clarify the effect of rs17401966 in KIF1B on HCC and further
examined the potential interaction between variants in KIF1B and environmental
factors on the risk of HCC in a high-risk region of China. They found a geneenvironment interaction between the KIF1B rs17401966 variant and alcohol
consumption influenced the development of HCC in Chinese individuals. Their
findings add valuable knowledge in the field of hepatology.

REFERENCES
1

4188

El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology 2012; 142: 1264-1273.e1 [PMID:
22537432 DOI: 10.1053/j.gastro.2011.12.061]

April 28, 2016|Volume 22|Issue 16|

Chen JH et al . Interactions between KIF1B and environmental factors
2
3

4

5
6

7
8

9

10

11

12

13

14

15

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.
Global cancer statistics, 2012. CA Cancer J Clin 2015; 65: 87-108
[PMID: 25651787 DOI: 10.3322/caac.21262]
Barbara L, Benzi G, Gaiani S, Fusconi F, Zironi G, Siringo
S, Rigamonti A, Barbara C, Grigioni W, Mazziotti A. Natural
history of small untreated hepatocellular carcinoma in cirrhosis: a
multivariate analysis of prognostic factors of tumor growth rate and
patient survival. Hepatology 1992; 16: 132-137 [PMID: 1352268
DOI: 10.1002/hep.1840160122]
Ebara M, Ohto M, Shinagawa T, Sugiura N, Kimura K, Matsutani
S, Morita M, Saisho H, Tsuchiya Y, Okuda K. Natural history of
minute hepatocellular carcinoma smaller than three centimeters
complicating cirrhosis. A study in 22 patients. Gastroenterology
1986; 90: 289-298 [PMID: 2416627]
Lafaro KJ, Demirjian AN, Pawlik TM. Epidemiology of
hepatocellular carcinoma. Surg Oncol Clin N Am 2015; 24: 1-17
[PMID: 25444466 DOI: 10.1016/j.soc.2014.09.001]
Kim MN, Han KH, Ahn SH. Prevention of hepatocellular
carcinoma: beyond hepatitis B vaccination. Semin Oncol 2015; 42:
316-328 [PMID: 25843736 DOI: 10.1053/j.seminoncol.2014.12.01
8]
Goossens N, Hoshida Y. Hepatitis C virus-induced hepatocellular
carcinoma. Clin Mol Hepatol 2015; 21: 105-114 [PMID: 26157746
DOI: 10.3350/cmh.2015.21.2.105]
Nahon P, Sutton A, Ziol M, Zucman-Rossi J, Trinchet J-C, GanneCarrié N. Genetic risk markers for hepatocellular carcinoma in
patients with alcoholic liver disease. Hepatic Oncol 2015; 2: 63-78
[DOI: 10.2217/hep.14.26]
Nangaku M, Sato-Yoshitake R, Okada Y, Noda Y, Takemura R,
Yamazaki H, Hirokawa N. KIF1B, a novel microtubule plus enddirected monomeric motor protein for transport of mitochondria.
Cell 1994; 79: 1209-1220 [PMID: 7528108 DOI: 10.1016/0092-86
74(94)90012-4]
Munirajan AK, Ando K, Mukai A, Takahashi M, Suenaga Y,
Ohira M, Koda T, Hirota T, Ozaki T, Nakagawara A. KIF1Bbeta
functions as a haploinsufficient tumor suppressor gene mapped to
chromosome 1p36.2 by inducing apoptotic cell death. J Biol Chem
2008; 283: 24426-24434 [PMID: 18614535 DOI: 10.1074/jbc.
M802316200]
Zhang H, Zhai Y, Hu Z, Wu C, Qian J, Jia W, Ma F, Huang W, Yu L,
Yue W, Wang Z, Li P, Zhang Y, Liang R, Wei Z, Cui Y, Xie W, Cai
M, Yu X, Yuan Y, Xia X, Zhang X, Yang H, Qiu W, Yang J, Gong
F, Chen M, Shen H, Lin D, Zeng YX, He F, Zhou G. Genome-wide
association study identifies 1p36.22 as a new susceptibility locus
for hepatocellular carcinoma in chronic hepatitis B virus carriers.
Nat Genet 2010; 42: 755-758 [PMID: 20676096 DOI: 10.1038/
ng.638]
Al-Qahtani A, Al-Anazi M, Viswan NA, Khalaf N, Abdo AA,
Sanai FM, Al-Ashgar H, Al-Ahdal M. Role of single nucleotide
polymorphisms of KIF1B gene in HBV-associated viral hepatitis.
PLoS One 2012; 7: e45128 [PMID: 23028799 DOI: 10.1371/
journal.pone.0045128]
Sawai H, Nishida N, Mbarek H, Matsuda K, Mawatari Y, Yamaoka
M, Hige S, Kang JH, Abe K, Mochida S, Watanabe M, Kurosaki
M, Asahina Y, Izumi N, Honda M, Kaneko S, Tanaka E, Matsuura
K, Itoh Y, Mita E, Korenaga M, Hino K, Murawaki Y, Hiasa Y,
Ide T, Ito K, Sugiyama M, Ahn SH, Han KH, Park JY, Yuen MF,
Nakamura Y, Tanaka Y, Mizokami M, Tokunaga K. No association
for Chinese HBV-related hepatocellular carcinoma susceptibility
SNP in other East Asian populations. BMC Med Genet 2012; 13:
47 [PMID: 22712471 DOI: 10.1186/1471-2350-13-47]
Zheng X, Wang L, Zhu Y, Guan Q, Li H, Xiong Z, Deng L, Lu J,
Miao X, Cheng L. The SNP rs961253 in 20p12.3 is associated with
colorectal cancer risk: a case-control study and a meta-analysis
of the published literature. PLoS One 2012; 7: e34625 [PMID:
22509336 DOI: 10.1371/journal.pone.0034625]
Zhang Z. Association between KIF1B rs17401966 polymorphism
and hepatocellular carcinoma risk: a meta-analysis involving
17,210 subjects. Tumour Biol 2014; 35: 9405-9410 [PMID:
24952890 DOI: 10.1007/s13277-014-2192-6]

WJG|www.wjgnet.com

16

17
18

19

20

21

22

23

24

25

26

4189

Venook AP, Papandreou C, Furuse J, de Guevara LL. The
incidence and epidemiology of hepatocellular carcinoma: a global
and regional perspective. Oncologist 2010; 15 Suppl 4: 5-13
[PMID: 21115576 DOI: 10.1634/theoncologist.2010-S4-05]
Yuen MF, Hou JL, Chutaputti A. Hepatocellular carcinoma in the
Asia pacific region. J Gastroenterol Hepatol 2009; 24: 346-353
[PMID: 19220670 DOI: 10.1111/j.1440-1746.2009.05784.x]
Zidan A, Scheuerlein H, Schüle S, Settmacher U, Rauchfuss F.
Epidemiological pattern of hepatitis B and hepatitis C as etiological
agents for hepatocellular carcinoma in iran and worldwide.
Hepat Mon 2012; 12: e6894 [PMID: 23233864 DOI: 10.5812/
hepatmon.6894]
Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, Zhang Y, Liu J,
Gong X, Chen Y, Wang F, Zheng H, Wang F, Guo J, Jia Z, Ma
J, Wang H, Luo H, Li L, Jin S, Hadler SC, Wang Y. Evaluation
of the impact of hepatitis B vaccination among children born
during 1992-2005 in China. J Infect Dis 2009; 200: 39-47 [PMID:
19469708 DOI: 10.1086/599332]
de Martel C, Maucort-Boulch D, Plummer M, Franceschi S.
World-wide relative contribution of hepatitis B and C viruses in
hepatocellular carcinoma. Hepatology 2015; 62: 1190-1200 [PMID:
26146815 DOI: 10.1002/hep.27969]
Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST. Global
epidemiology of hepatitis C virus infection: new estimates of agespecific antibody to HCV seroprevalence. Hepatology 2013; 57:
1333-1342 [PMID: 23172780 DOI: 10.1002/hep.26141]
Qin Q, Smith MK, Wang L, Su Y, Wang L, Guo W, Wang L, Cui Y,
Wang N. Hepatitis C virus infection in China: an emerging public
health issue. J Viral Hepat 2015; 22: 238-244 [PMID: 25131856
DOI: 10.1111/jvh.12295]
Xie X, Ma H, Lu Y, Fand Y, Ye X, Wu T, Dong S, Chen W, Cheng
J. The seroepidemiological study on hepatitis C virus infection
among general population in Shenzhen City (in Chinese). Jibing
Kongzhi Zazhi 2012; 17: 604-607
Rong X, Xia W, Wang M, Wang Y, Zheng Y, Ye X, Luo G, Wang
C, Bei C, Fu Y. Seroepidemiological studies of HCV among firsttime volunteer blood donors in Guangzhou,China (in Chinese).
Zhongguo Shuxue Zazhi 2009; 22: 883-885
Lu J, Zhou Y, Lin X, Jiang Y, Tian R, Zhang Y, Wu J, Zhang F,
Zhang Y, Wang Y, Bi S. General epidemiological parameters of
viral hepatitis A, B, C, and E in six regions of China: a crosssectional study in 2007. PLoS One 2009; 4: e8467 [PMID:
20041146 DOI: 10.1371/journal.pone.0008467]
Sawcer S, Hellenthal G, Pirinen M, Spencer CC, Patsopoulos
NA, Moutsianas L, Dilthey A, Su Z, Freeman C, Hunt SE, Edkins
S, Gray E, Booth DR, Potter SC, Goris A, Band G, Oturai AB,
Strange A, Saarela J, Bellenguez C, Fontaine B, Gillman M,
Hemmer B, Gwilliam R, Zipp F, Jayakumar A, Martin R, Leslie
S, Hawkins S, Giannoulatou E, D’Alfonso S, Blackburn H,
Martinelli Boneschi F, Liddle J, Harbo HF, Perez ML, Spurkland
A, Waller MJ, Mycko MP, Ricketts M, Comabella M, Hammond
N, Kockum I, McCann OT, Ban M, Whittaker P, Kemppinen A,
Weston P, Hawkins C, Widaa S, Zajicek J, Dronov S, Robertson
N, Bumpstead SJ, Barcellos LF, Ravindrarajah R, Abraham R,
Alfredsson L, Ardlie K, Aubin C, Baker A, Baker K, Baranzini SE,
Bergamaschi L, Bergamaschi R, Bernstein A, Berthele A, Boggild
M, Bradfield JP, Brassat D, Broadley SA, Buck D, Butzkueven H,
Capra R, Carroll WM, Cavalla P, Celius EG, Cepok S, Chiavacci
R, Clerget-Darpoux F, Clysters K, Comi G, Cossburn M, CournuRebeix I, Cox MB, Cozen W, Cree BA, Cross AH, Cusi D, Daly
MJ, Davis E, de Bakker PI, Debouverie M, D’Hooghe M B,
Dixon K, Dobosi R, Dubois B, Ellinghaus D, Elovaara I, Esposito
F, Fontenille C, Foote S, Franke A, Galimberti D, Ghezzi A,
Glessner J, Gomez R, Gout O, Graham C, Grant SF, Guerini FR,
Hakonarson H, Hall P, Hamsten A, Hartung HP, Heard RN, Heath
S, Hobart J, Hoshi M, Infante-Duarte C, Ingram G, Ingram W,
Islam T, Jagodic M, Kabesch M, Kermode AG, Kilpatrick TJ,
Kim C, Klopp N, Koivisto K, Larsson M, Lathrop M, LechnerScott JS, Leone MA, Leppa V, Liljedahl U, Bomfim IL, Lincoln
RR, Link J, Liu J, Lorentzen AR, Lupoli S, Macciardi F, Mack T,

April 28, 2016|Volume 22|Issue 16|

Chen JH et al . Interactions between KIF1B and environmental factors

27

28

29

Marriott M, Martinelli V, Mason D, McCauley JL, Mentch F, Mero
IL, Mihalova T, Montalban X, Mottershead J, Myhr KM, Naldi
P, Ollier W, Page A, Palotie A, Pelletier J, Piccio L, Pickersgill
T, Piehl F, Pobywajlo S, Quach HL, Ramsay PP, Reunanen M,
Reynolds R, Rioux JD, Rodegher M, Roesner S, Rubio JP, Ruckert
IM, Salvetti M, Salvi E, Santaniello A, Schaefer CA, Schreiber S,
Schulze C, Scott RJ, Sellebjerg F, Selmaj KW, Sexton D, Shen L,
Simms-Acuna B, Skidmore S, Sleiman PM, Smestad C, Sorensen
PS, Sondergaard HB, Stankovich J, Strange RC, Sulonen AM,
Sundqvist E, Syvanen AC, Taddeo F, Taylor B, Blackwell JM,
Tienari P, Bramon E, Tourbah A, Brown MA, Tronczynska E,
Casas JP, Tubridy N, Corvin A, Vickery J, Jankowski J, Villoslada
P, Markus HS, Wang K, Mathew CG, Wason J, Palmer CN,
Wichmann HE, Plomin R, Willoughby E, Rautanen A, Winkelmann
J, Wittig M, Trembath RC, Yaouanq J, Viswanathan AC, Zhang
H, Wood NW, Zuvich R, Deloukas P, Langford C, Duncanson A,
Oksenberg JR, Pericak-Vance MA, Haines JL, Olsson T, Hillert
J, Ivinson AJ, De Jager PL, Peltonen L, Stewart GJ, Hafler DA,
Hauser SL, McVean G, Donnelly P, Compston A. Genetic risk and
a primary role for cell-mediated immune mechanisms in multiple
sclerosis. Nature 2011; 476: 214-219 [PMID: 21833088 DOI:
10.1038/nature10251]
Zhong R, Tian Y, Liu L, Qiu Q, Wang Y, Rui R, Yang BF, Duan
SY, Shi JX, Miao XP, Wang L, Li H. HBV-related hepatocellular
carcinoma susceptibility gene KIF1B is not associated with
development of chronic hepatitis B. PLoS One 2012; 7: e28839
[PMID: 22363396 DOI: 10.1371/journal.pone.0028839]
Sopipong W, Tangkijvanich P, Payungporn S, Posuwan N,
Poovorawan Y. The KIF1B (rs17401966) single nucleotide
polymorphism is not associated with the development of HBVrelated hepatocellular carcinoma in Thai patients. Asian Pac
J Cancer Prev 2013; 14: 2865-2869 [PMID: 23803045 DOI:
10.7314/APJCP.2013.14.5.2865]
Huang M, Pan Y, Liu J, Qi F, Wen J, Xie K, Ma H, Shen H, Liu

30

31

32

33
34
35

36

Y, Dai J. A genetic variant at KIF1B predicts clinical outcome
of HBV-related hepatocellular carcinoma in Chinese. Cancer
Epidemiol 2014; 38: 608-612 [PMID: 25153661 DOI: 10.1016/
j.canep.2014.07.012]
Schlisio S, Kenchappa RS, Vredeveld LC, George RE, Stewart R,
Greulich H, Shahriari K, Nguyen NV, Pigny P, Dahia PL, Pomeroy
SL, Maris JM, Look AT, Meyerson M, Peeper DS, Carter BD,
Kaelin WG. The kinesin KIF1Bbeta acts downstream from EglN3
to induce apoptosis and is a potential 1p36 tumor suppressor.
Genes Dev 2008; 22: 884-893 [PMID: 18334619 DOI: 10.1101/
gad.1648608]
Tan Y, Jiang Q, Dun Z, Wang P, Chen Z, Ji G, Tan Y, Huang R, Xu
Y, Xu X, Ma W, Zhang Y. Status and associated factors of alcohol
consumption among residents aged 15 and above in Guang-dong
Province (in Chinese). Huanan Yufang Yixue 2015; 31: 213-217
Hao W, Su Z, Liu B, Zhang K, Yang H, Chen S, Biao M, Cui C.
Drinking and drinking patterns and health status in the general
population of five areas of China. Alcohol Alcohol 2003; 39: 43-52
[PMID: 14691074 DOI: 10.1093/alcalc/agh018]
Varela-Rey M, Woodhoo A, Martinez-Chantar ML, Mato JM, Lu
SC. Alcohol, DNA methylation, and cancer. Alcohol Res 2013; 35:
25-35 [PMID: 24313162]
Testino G. The burden of cancer attributable to alcohol consumption.
Maedica (Buchar) 2011; 6: 313-320 [PMID: 22879847]
Chiesa R, Donato F, Tagger A, Favret M, Ribero ML, Nardi G,
Gelatti U, Bucella E, Tomasi E, Portolani N, Bonetti M, Bettini
L, Pelizzari G, Salmi A, Savio A, Garatti M, Callea F. Etiology
of hepatocellular carcinoma in Italian patients with and without
cirrhosis. Cancer Epidemiol Biomarkers Prev 2000; 9: 213-216
[PMID: 10698484]
Takeshita T, Yang X, Inoue Y, Sato S, Morimoto K. Relationship
between alcohol drinking, ADH2 and ALDH2 genotypes, and risk
for hepatocellular carcinoma in Japanese. Cancer Lett 2000; 149:
69-76 [PMID: 10737710 DOI: 10.1016/S0304-3835(99)00343-2]
P- Reviewer: Cerwenka HR, Iwasaki Y, Qadri I, Sergi C
S- Editor: Gong ZM L- Editor: Filipodia E- Editor: Zhang DN

WJG|www.wjgnet.com

4190

April 28, 2016|Volume 22|Issue 16|

World J Gastroenterol 2016 April 28; 22(16): 4191-4200
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.i16.4191

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Urinary nuclear magnetic resonance spectroscopy of
a Bangladeshi cohort with hepatitis-B hepatocellular
carcinoma: A biomarker corroboration study
I Jane Cox, Abil E Aliev, Mary ME Crossey, Mahvish Dawood, Mamun Al-Mahtab, Sheikh M Akbar,
Salimur Rahman, Antonio Riva, Roger Williams, Simon D Taylor-Robinson
I Jane Cox, Antonio Riva, Roger Williams, Institute of
Hepatology, London, Foundation for Liver Research, London
WC1E 6HX, United Kingdom

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/

Abil E Aliev, Department of Chemistry, University College
London, London WC1H 0AJ, United Kingdom

Correspondence to: I Jane Cox, PhD, Institute of Hepatology,
London, Foundation for Liver Research, 69-75 Chenies Mews,
London WC1E 6HX,
United Kingdom. j.cox@researchinliver.org.uk
Telephone: +44-207-2559830
Fax: +44-207-3800405

Mary ME Crossey, Mahvish Dawood, Simon D TaylorRobinson, Division of Digestive Diseases, Department of
Surgery and Cancer, Imperial College London, London W2 1NY,
United Kingdom
Mamun Al-Mahtab, Salimur Rahman, Department of
Hepatology, Bangabandhu Sheikh Mujib Medical University,
Dhaka 1000, Bangladesh

Received: December 1, 2015
Peer-review started: December 4, 2015
First decision: January 28, 2016
Revised: February 19, 2016
Accepted: March 1, 2016
Article in press: March 2, 2016
Published online: April 28, 2016

Sheikh M Akbar, Department of Medical Sciences, Toshiba
General Hospital, Tokyo 140-8522, Japan
Author contributions: Cox IJ, Williams R, Taylor-Robinson SD,
Al-Mahtab M, Rahman S and Akbar SM designed the research;
Cox IJ, Crossey MME, Dawood M and Aliev AE performed the
research; Cox IJ, Aliev AE, Dawood M and Riva A analyzed the
data; Riva A provided statistical advice; Cox IJ, Taylor-Robinson
SD, Al-Mahtab M and Williams R wrote the paper.

Abstract
AIM: To establish if a distinct urinary metabolic
profile could be identified in Bangladeshi hepatitis-B
hepatocellular carcinoma (HCC) patients compared to
cirrhosis patients and controls.

Institutional review board statement: Ethical approval was
granted by the research ethics committee at Bangabandhu Sheikh
Mujib Medical University and Imperial College London (REC
09/H0712/82).

METHODS: Urine samples from 42 Bangladeshi
patients with HCC (39 patients with hepatitis-B HCC),
47 with cirrhosis on a background of hepatitis B, 46
with chronic hepatitis B, and seven ethnically-matched
healthy controls were analyzed using nuclear magnetic
resonance (NMR) spectroscopy. A full dietary and
medication history was recorded for each subject.
The urinary NMR data were analyzed using principal
component analysis (PCA) and orthogonal partial least
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squared discriminant analysis (OPLS-DA) techniques.
Differences in relative signal levels of the most
discriminatory metabolites identified by PCA and OPLSDA were compared between subject groups using an
independent samples Kruskal-Wallis one-way analysis
of variance (ANOVA) test with all pairwise multiple
comparisons. Within the patient subgroups, the MannWhitney U test was used to compare metabolite levels
depending on hepatitis B e-antigen (HBeAg) status
and treatment with anti-viral therapy. A BenjaminiHochberg adjustment was applied to acquire the level
of significance for multiple testing, with a declared level
of statistical significance of P < 0.05.

Urine samples from 142 subjects with hepatitis B HCC,
cirrhosis, chronic hepatitis B, or no history of liver
disease were analyzed using NMR. Urinary NMR from
HCC differed across a range of metabolites, including
reduced hippurate and creatinine and increased carnitine
levels, consistent with the diverse effects of liver cancer
on metabolic pathways and the interrelationship
with the gut microbiome. Previous findings were
corroborated, suggesting that a panel of metabolic
markers could form the basis of a cost-effective HCC
dipstick screening test.
Cox IJ, Aliev AE, Crossey MME, Dawood M, Al-Mahtab M,
Akbar SM, Rahman S, Riva A, Williams R, Taylor-Robinson
SD. Urinary nuclear magnetic resonance spectroscopy of a
Bangladeshi cohort with hepatitis-B hepatocellular carcinoma:
A biomarker corroboration study. World J Gastroenterol 2016;
22(16): 4191-4200 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i16/4191.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i16.4191

RESULTS: There were significant differences in age
(P < 0.001), weight (P < 0.001), and body mass index
(P < 0.001) across the four clinical subgroups. Serum
alanine aminotransferase (ALT) was significantly higher
in the HCC group compared to controls (P < 0.001);
serum α-fetoprotein was generally markedly elevated
in HCC compared to controls; and serum creatinine
levels were significantly reduced in the HCC group
compared to the cirrhosis group (P = 0.004). A threefactor PCA scores plot showed clustering of the urinary
NMR spectra from the four subgroups. Metabolites
that contributed to the discrimination between the
subgroups included acetate, creatine, creatinine,
dimethyamine (DMA), formate, glycine, hippurate,
and trimethylamine-N -oxide (TMAO). A comparison
of relative metabolite levels confirmed that carnitine
was significantly increased in HCC; and creatinine,
hippurate, and TMAO were significantly reduced in HCC
compared to the other subgroups. HBeAg negative
patients showed a significant increase in creatinine
(P = 0.001) compared to HBeAg positive patients
in the chronic hepatitis B subgroup, whilst HBeAg
negative patients showed a significant decrease in
DMA (P = 0.004) in the cirrhosis subgroup compared
to HBeAg positive patients. There were no differences
in metabolite levels in HCC patients who did or did not
receive antiviral treatment.

INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) in
Asia was estimated to be approximately 460000 in
2000, and since then, it has been increasing every
[1]
year . Studies have shown that hepatitis B virus
(HBV) underlies 33% of the HCC cases in the People’s
Republic of Bangladesh, a small, but densely-populated
country in the Indian sub-continent, bordering India
[2]
and Myanmar . Bangladesh is considered a region of
intermediate prevalence for HBV infection, with the
[3]
lifetime risk of HBV infection at 20%-60% . While
HBV infection is mainly transmitted during infancy and
childhood in Bangladesh, all age groups are affected.
It is estimated that 2 billion people, one-third of
the world-wide population, have been infected by
[4]
HBV and that approximately 400 million people are
[5]
living with a chronic form of the disease . Chronic
HBV results in a wide range of liver diseases, spanning
asymptomatic acute hepatitis to HCC. Recent studies
have concluded that serum α-fetoprotein (AFP) lacks
sufficient sensitivity to be widely used as a surveillance
[6]
test for HCC . Ultrasound-based surveillance is
generally considered more sensitive than AFP, but the
quality of the images can be both equipment- and
[6]
user-dependent . In addition, these procedures are
generally unavailable in resource-constrained countries
of Asia and Africa that harbor a majority population
of HBV-related cirrhosis and HCC. A simple and
versatile biomarker for the early stages of HCC, when
treatment would still be effective, would, therefore,
be of considerable value, both in resource-poor
Bangladesh and in other parts of the world with a high
HBV prevalence.
There has recently been considerable interest
in analyzing the chemical composition of urine

CONCLUSION: Urinary NMR changes in Bangladeshi
HCC were identified, corroborating previous findings
from Egypt and West Africa. These findings could form
the basis for the development of a cost-effective HCC
dipstick screening test.
Key words: Urinary metabolic profiling; Hepatocellular
carcinoma; Nuclear magnetic resonance spectroscopy;
Hepatitis B; Bangladesh
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previous urinary metabolic profiling studies
using nuclear magnetic resonance (NMR) spectroscopy
of hepatocellular carcinoma (HCC) from Egypt and West
Africa suggested the reproducibility of an identifying
urinary metabolic profile in HCC. Here, a Bangladeshi
HCC cohort was studied to identify similar changes.
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to establish if one or more urinary biomarkers
can be used to distinguish HCC from cirrhosis or
uncomplicated chronic HBV infection. Urinary metabolic
profiling using proton nuclear magnetic resonance
(NMR) spectroscopy may provide objective diagnostic
[7]
and prognostic assessment for a range of diseases . It
would be particularly valuable if subtle changes in the
chemical composition of urine could be interpreted to
improve early diagnosis of HCC. Diagnosis is currently
often not made until such a late stage of disease that
treatment measures are ineffective. Clinical cohorts
[8]
[9,10]
[10]
from Egypt , Nigeria
, and The Gambia
have
been studied, and a consensus is emerging for a
urinary fingerprint of HCC. The aim of this study was
to establish if a similar urinary NMR fingerprint for HCC
could be identified in a Bangladeshi cohort, since these
patients have a different environmental and genetic
background than the African populations.

in the morning into tubes and stored at -20 ℃, 2 to 4
h after collection, in Bangladesh until transport to the
Institute of Hepatology, London, United Kingdom on
dry ice and by air. Samples were prepared for NMR
study according to previously published standard
[9]
methodology . Specifically, 400 μL of urine was added
to 160 μL of phosphate buffer solution (0.2 mol/L
Na2HPO4/0.2 mol/L NaH2PO4, pH 7.4) and 40 μL of
3-trimethylsilyl-(2,2,3,3-d4)-1-propionate (TSP)/D2O
solution. After centrifuging, 550 μL of buffered urine
was pipetted into an NMR tube of 5 mm diameter
(Norell 502-7 from Glass Precision Engineering
Ltd, Leighton Buzzard, United Kingdom) for proton
NMR spectroscopy at the Department of Chemistry,
University College London. Samples were placed in a
sample queue at 21 ℃ on the auto sampler, and some
samples may have remained in the queue for up to 6
h before NMR analysis.

Proton NMR spectral acquisition

MATERIALS AND METHODS

The urine samples were prepared for proton NMR
study and analyzed in a random order. NMR spectra
were recorded on a Bruker Avance III 600 NMR
spectrometer (Billerica, MA, United States) operating
at proton NMR frequency of 600.13 MHz equipped
with a 5 mm DCH cryoprobe and a 60-position sample
changer BACS60. Data acquisition and processing
were performed using standard TopSpin (version 3.2,
Bruker) software. NMR spectra were recorded at 300
K. Temperature calibration was carried out using a
sample of 99.8% deuterated methanol in a 5 mm NMR
tube. A standard water suppression sample of 2 mmol/
L sucrose in 90%H2O + 10%D2O with 4,4-dimethyl4-silapentane-1-sulfonic acid (DSS) was used for
manual iterative optimization of high-order shims
(z6 in particular) via inspection of the shape of the
residual water signal after presaturation. Each sample
was shimmed using a modified topshim routine, in
which the z shim was incremented by +24 units at
the final stage in order to achieve optimum resolution
for organic species dissolved in water. The increment
applied was determined using a sample of H2O:CD3CN
(3:1) with a small amount of DSS added to it. This
sample was shimmed using first deuterium of CD3CN
and then the protons of H2O. The change of the z shim
from the shimming using CD3CN to that using H2O was
-24 units. The deuterium lock phase was autocorrected
both before and after shimming. The presaturation
frequency (o1, Hz) was determined using a single 360°
pulse sequence followed by further manual iterations
where the phase of the pre-saturated residual water
signal was monitored and dispersive contributions
were minimized. This was done for the first sample for
each set of 20-25 samples, and the o1 value was then
kept constant for the remaining samples. The variation
in the o1 value for all samples was found to be within
less than ± 0.5 Hz. Similarly, probe tuning and
matching was carried out manually for the first sample

Study population

Urine samples were obtained with informed consent
from patients attending the Department of Hepatology,
Bangabandhu Sheikh Mujib Medical University, Dhaka,
Bangladesh. Ethical approval was granted by the
research ethics committee at Bangabandhu Sheikh
Mujib Medical University and Imperial College London
(REC 09/H0712/82), and the study conformed to the
1975 Declaration of Helsinki.
A total of 152 subjects, all of Indian ethnic origin,
were recruited for the study between January 2013
and November 2014. The study cohort comprised 46
patients with HCC on a background of hepatitis B (43
patients) (HCC-HBV), hepatitis C (one patient), and
cryptogenic (two patients); 50 patients with clinical or
histologically confirmed hepatitis B related cirrhosis
(CIR), 48 patients with non-cirrhotic chronic hepatitis
B related liver disease (CHB), and eight healthy
volunteers with no history of liver disease from the
same Bangladeshi population (CTR). All patients with
HBV-related HCC provided a 5-10 year history of their
liver disease, and all were seropositive for hepatitis
B surface antigen (HBsAg) and expressed antibodies
to hepatitis B core antigen (anti-HBc) at the time of
sampling. Forty two of these patients had hepatitis B
e-antigen (HBeAg) status determined, and levels of
HBV DNA were quantified in 35 subjects. The diagnosis
of HCC was made from past history of HBV-related
chronic liver disease, clinical presentation, ultrasound
assessment of HCC nodules, and elevated AFP levels.
The diagnosis was confirmed by fine needle aspiration
cytology (FNAC).

Urine sample collection and preparation for NMR
analysis

A full dietary and medication history was recorded for
each subject. Mid-stream urine samples were collected
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in each set of 20-25 samples and then kept unchanged
for the remaining samples of the set. Proton NMR
spectra with water presaturation during relaxation
delay were acquired using a standard pulse sequence
noesygppr1d, which suppressed effectively the probe
background signal, giving a flat baseline. In addition, a
digital filter (known as “BASEOPT” under TopSpin) with
a pre-optimized correction for filter delay (1.0 μs in
our case) was used to give spectra with a flat baseline,
which required no first order phase correction. Prior
to the start of data acquisition for each sample, the
90° pulse was determined (typically 14.0 μs) and the
power level was adjusted for a 25 Hz-wide solvent
presaturation automatically. Four dummy scans were
used for equilibration followed by 64 scans collected
into 144 K points with a total repetition time of 8.0 s at
each scan (acquisition time = 4.0 s; relaxation delay =
4.0 s). NMR spectra were processed using the Bruker
AMIX data processing package and the KnowItAll
Informatics System v9.0 (Bio-Rad, Philadelphia, PA,
United States). The Free Induction Decays were zerofilled, and an exponential 0.3 Hz line-broadening
function was applied before Fourier transformation.
All NMR spectra were automatically phased, and a
baseline correction was applied. The TSP peak was
assigned to be at δ 0.00 ppm for an internal chemical
shift reference. NMR peaks in the range δ 0.50-9.50
ppm were analyzed, although the region δ 4.50-6.40
ppm was excluded to remove the residual water signal
and the signal from urea. The urinary NMR peaks
were assigned to metabolites on the basis of chemical
shifts and coupling patterns and with reference to the
[8-13]
published literature
.

was then repeated with all outliers excluded, and the
metabolites contributing to the separation of groupings
were identified from the loadings plot. This final data
set was also analyzed by OPLS-DA using SIMCA v14.
The discriminatory power of the model was validated
2
using leave-one-out cross validation. An R value was
determined to give a measure of the goodness of fit
2
by the model. A cross-validated Q statistic (based on
a 1:7 leave one out algorithm) was calculated as a
quantitative measure of the predictability of the model
2
for the Y variable, where a positive Q indicated a good
predictive.
The NMR spectral regions corresponding to the
most important discriminatory metabolite peaks, as
determined by the PCA and OPLS-DA loadings plots,
were normalized to the sum of the total spectral
integral, and differences in these relative metabolite
signal levels were compared between the subject
groups using an independent samples KruskalWallis one-way ANOVA test with all pairwise multiple
®
®
comparisons (IBM SPSS v21). Within the patient
subgroups, the Mann-Whitney U test was used to
compare relative metabolite levels depending on
HBeAg status and treatment with anti-viral therapy. A
[14]
Benjamini-Hochberg adjustment
was applied to the
obtained P values to acquire the level of significance
for multiple testing, with a declared level of statistical
significance of P < 0.05.

RESULTS
Subject demographics

Nine samples from across the four cohorts were identified
as outliers on subsequent NMR analysis (one CTR, two
CHB, three CIR, and three HCC). In addition, one HCC
subject was excluded for diagnostic uncertainty. The
final study cohort, therefore, comprised 142 subjects
(seven CTR, 46 CHB, 47 CIR, and 42 HCC). Subject
demographics are summarized in Table 1, and the
serum biochemistry results are shown in Table 2. All
HCC patients had underlying cirrhosis, and the diagnosis
of HCC was confirmed by FNAC in all cases. The levels
of HBV DNA showed considerable variation. All HCC
patients were considered to have advanced HCC, which
is a typical finding in Bangladesh.
There were significant differences in age (P <
0.001), weight (P < 0.001), and body mass index (BMI)
(P < 0.001) across the four subgroups. For example,
the CHB cohort was significantly younger than both
the CIR (P = 0.000) and HCC (P < 0.001) cohorts,
and BMI was significantly lower in the HCC cohort
compared to the CTR (P = 0.001) and CIR (P < 0.001)
cohorts. While 83% of the CIR subgroup was male,
the control group was entirely male, and so the urinary
NMR data were analyzed both as a complete cohort
and as a subset of males only.
The majority of subjects had eaten a similar diet of
rice, dhal, water with vegetables, fish or chicken, in the

Statistical analysis

Demographic and blood biochemistry data between
subject groups were compared using an independent
sample Kruskal-Wallis one-way analysis of variance
(ANOVA) test with pairwise multiple comparisons
®
®
(IBM SPSS v21), and a P value of < 0.05 was con
sidered significant.
The NMR data were analyzed using principal
component analysis (PCA) (KnowItAll Informatics
System v9.0) and orthogonal partial least squared
discriminant analysis (OPLS-DA) techniques [SIMCA
v14 (Umetrics AB, Umeå, Sweden)]. Using the
intellibucketing option in KnowItAll v9.0, the NMR spectra
were subdivided into smaller regions of about 0.02
ppm. Regions corresponding to particular metabolites
were additionally selected, including those assigned to
hippurate (7.82-7.85 ppm, 7.61-7.66 ppm, 7.52-7.58
ppm); creatinine (3.0425-3.0550 ppm, 4.04-4.07 ppm);
creatine (3.035-3.0425 ppm); citrate (2.64-2.72 ppm,
2.52-2.58 ppm), and dimethylamine (2.72-2.74 ppm).
All spectral regions were integrated, normalized to the
sum of the total spectral integral, and mean-centred
prior to multivariate analysis. PCA was performed to
highlight outliers and clustering (KnowItAll v9.0). PCA
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Table 1 Subject demographics of the Bangladeshi study cohort
Group

n

Age (yr),
median
(range)

M:F (%male)

CTR
CHB

7
46

37 (24-46)
27 (15-45)

7:0 (100%)
40:6 (87%)

CIR

47

42 (15-67)

39:8 (83%)

HCC

42

48 (27-90)

38:3 (90%)

2

Etiology, n

HBeAg
positive

Height (cm),
median (range)

Weight (kg),
median (range)

BMI (kg/m ),
median (range)

NA
HBV (100%)

NA
27
(-59%)
21
(-45%)
15
(-36%)

170 (152-173)
166 (147- 180)

65 (54-85)
55 (35-79)

26.0 (18.7-29.4)
20.6 (13.9-26.6)

165 (142–175)

58 (42-82)

21.9 (14.9-29.3)

162 (145-180)

48 (38-75)

18.3 (12.3-25.2)

HBV (98%)
Cryptogenic HBV (2%)
HBV (93%)
HCV (2%)
Cryptogenic (5%)

CTR: Healthy controls; CHB: Chronic hepatitis-B related liver disease; CIR: Cirrhosis; HCC: Hepatocellular carcinoma; NA: Unavailable; BMI: Body mass
index.

Table 2 Serum biochemistry profiles
Group
CTR
CHB
CIR
HCC

ALT

ALP

Bil

Alb

AFP

Creatinine

(U/L)

(U/L)

(mg/dL)

(g/dL)

(ng/mL)

(mg/dL)

31 (18-42) [7/7]
40 (22-232) [32/46]
51 (10-243) [30/47]
74 (28-332) [32/42]

NA
96 (63-171) [14/46]
286 (75-558) [5/47]
259 (82-648) [25/42]

NA
1.4 (0.4-2.2) [5/46]
1.9 (0.3-22.4) [19/47]
1.8 (0.3-21.5) [28/42]

NA
3.4 (2.9-3.9) [2/46]
2.7 (1.5-39.0) [20/47]
3.1 (1.3-35.0) [26/42]

NA
NA
6 (2-12) [4/47]
4900 (4-70000) [34/42]

NA
1.4 (1.3-1.5) [2/46]
1.4 (0.8-2.8) [17/47]
0.9 (0.4-1.3) [23/42]

Data are represented as median (range) [number of subjects included/total number of subjects in subgroup]. CTR: Healthy controls; CHB: Chronic
hepatitis-B related liver disease; CIR: Cirrhosis; HCC: Hepatocellular carcinoma; ALT: Alanine transaminase; ALP: Alkaline phosphatase; Bil: Bilirubin;
Alb: Albumin; AFP: α-fetoprotein; NA: Unavailable.

Representative urinary NMR spectra

6 h prior to collection of a urine sample. The patients
reported a varied drug history: the majority of the CHB
group were taking multivitamins, although some were
also taking an oral antiviral drug (n = 10, entecavir
or tenofovir) and/or an oral proton pump inhibitor
(PPI) (omeprazole, pantoprazole); the CIR group
reported a combination of non-absorbable sugars
(lactulose), PPI (omeprazole, pantoprazole), oral
antiviral (n = 7, entecavir, tenofovir or telbivudine),
and/or multivitamins; and the HCC cohort reported a
wider range of medication, including an oral antiviral
(entecavir, tenofovir), hormonal therapy (tamoxifen),
PPI (omeprazole, pantoprazole), beta blockers, nonabsorbable sugars (lactulose), multivitamins, and pain
killers (including tramadol).

Illustrative urinary proton NMR spectra from each of
the four subject groups are summarized in Figure 1.
The spectral resolution was defined by a TSP linewidth
of < 1 Hz in all NMR data sets. On visual inspection,
a number of trends could be seen across the groups,
including a reduction in hippurate and an increase in
creatine, when comparing CTR, CHB, and CIR through
to HCC (Figures 1A-D and 1A’-D’, respectively).

Analyses of the urinary NMR spectra

Nine outliers were identified on five iterations of PCA:
one CTR showing particularly high levels of hippurate;
two CHB showing high levels of glucose and lactate
and overlap of creatinine into the creatine peak; three
CIR showing either high glucose, high glucose and
lactate, or ethanol present; and three HCC showing
either paracetamol resonances, absence of creatine
and creatinine, or unassigned additional dominant
peaks.
A three-factor PCA score plot of the final study
cohort of 142 subjects is illustrated in Figure 2,
showing clustering of each of the four subgroups.
Metabolites that contributed to the discrimination
between groups in the loadings plot included acetate,
creatine, creatinine, dimethyamine (DMA), formate,
glycine, hippurate, and trimethylamine-N-oxide
(TMAO). An OPLS-DA plot is illustrated in Figure 3 and
2
2
2
the R (X), R (Y) and Q values were 0.468, 0.289, and
0.195, respectively.
Acetate, carnitine, citrate, creatine, creatinine,

Serum biochemical analysis

The median (range) values for the available serum
alanine aminotransferase (ALT), alkaline phosphatase
(ALP), bilirubin, albumin, AFP, and creatinine levels are
summarized in Table 2. Serum ALT was significantly
higher in the HCC group than controls (P < 0.001) and
patients with CHB (P < 0.001) or CIR (P = 0.006);
serum ALP was higher in the HCC group than the
CHB group (P < 0.001). Serum AFP was generally
markedly elevated in HCC, although two HCC patients
showed AFP ≤ 20 ng/mL in the presence of large
space occupying lesion(s) in the right lobe of the liver
as observed on axial imaging. Serum creatinine levels
were significantly lower in the HCC group than in the
CIR group (P = 0.004).
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Figure 1 Illustrative urinary proton nuclear magnetic resonance spectra.
From a 35 year old healthy control (CTR) (A, A’); a 22 year old male with
chronic hepatitis-B related liver disease (CHB) (B, B’); a 36 year old male with
hepatitis B virus (HBV)-cirrhosis (C, C’); and a 50 year old male with HBVhepatocellular carcinoma (AFP > 30000 mg/dL) displaying (A-D) the aliphatic
region 0.5-4.5 ppm and (A’-D’) the aromatic region 6.4-9.5 ppm (D, D’). Each
NMR spectrum is scaled independently. The more prominent peaks are
assigned and include acetate (Ace), carnitine (Car), citrate (Cit), creatine (Cr),
creatinine (Crn), dimethylamine (DMA), formate (For), glycine (Gly), hippurate
(Hip), histidine (His), and trimethylamine-N-oxide (TMAO).

99
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Figure 2 A three-factor principal components analysis scores plot of
the cohort of 142 subjects and clustering of each of the four subgroups.
A: Principal components analysis (PCA) scatter plot showing clustering and
separation of healthy controls (CTR), chronic hepatitis-B related liver disease
(CHB), cirrhosis (CIR), and hepatocellular carcinoma (HCC) subgroups; B:
The associated loadings plot illustrating the metabolites contributing to the
separation of the subgroups.

DMA, hippurate, and TMAO metabolite levels were
significantly different across the four groups, when
considering all subjects (Table 3) and only the males. A
comparison of relative metabolite levels between HCC
vs CTR and/or HCC vs CHB in all subjects confirmed
that carnitine was significantly increased in HCC, and
creatinine, hippurate, and TMAO were significantly
reduced in HCC (Figure 4). A significant increase in
carnitine and significant reductions in creatinine and
hippurate were observed in the HCC group compared
to the CIR group (Figure 4).
HBeAg negative patients showed a significant
increase in creatinine (P = 0.001) compared to HBeAg
positive patients in the CHB subgroup. In the CIR
group, HBeAg negative patients showed a significant
decrease in DMA (P = 0.004) compared to HBeAg
positive patients; there were no significant differences
in the HCC subgroup according to HBeAg status.
There were no differences in metabolite levels in
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88

the HCC or CHB groups when comparing subjects
receiving antiviral treatment with those not. However,
creatine levels were lower in subjects receiving
antiviral therapy in the CIR group (n = 7) than those
who were not (n = 40) (P = 0.002).

DISCUSSION
In this study of Bangladeshi subjects, all of Indian
ethnic origin, the urinary NMR metabolic profile
measured in patients with HCC was distinguishable
from the urinary profile of patients with CIR and CHB
and also healthy control subjects. The majority of the
patients (131 patients) had a background of CHB,
while one patient with cirrhosis and two patients with
HCC were defined as cryptogenic and one HCC subject
had a background of HCV. Metabolites that contributed
to the differences in urinary NMR profiles of HCC,
compared to CIR, CHB and/or CTR, included acetate,
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Figure 3 Scores plot of orthogonal partial least squares discriminant analysis (OPLS-DA) model of CTR, CHB, CIR, and HCC subgroups. R2(X), R2(Y) and
Q2 values were 0.468, 0.289, and 0.195, respectively.

Table 3 Comparison of relative signal levels (mean ± SD) of discriminatory metabolites between study cohorts
Selected metabolites

1

P value2

Study cohort (number of subjects in group)

Metabolite

δ/ppm (multiplicity)
of peak analysed

CTR (n = 7)

CHB (n = 46)

CIR (n = 47)

HCC (n = 42)

Acetate
Carnitine
Citrate
Creatine
Creatinine
DMA
Formate
Glycine
Hippurate
TMAO

1.92 (s)
3.23 (s)
2.52 (d)
3.03 (s)
3.04 (s)
2.72 (s)
8.46 (s)
3.56 (s)
7.85 (d)
3.27 (s)

0.34 ± 0.03
0.57 ± 0.41
1.49 ± 0.61
1.34 ± 0.35
10.88 ± 1.30
2.14 ± 0.57
0.07 ± 0.03
1.04 ± 0.39
0.99 ± 0.47
1.79 ± 0.44

0.57 ± 0.64
0.42 ± 0.22
1.35 ± 0.61
1.24 ± 0.38
10.06 ± 1.76
2.11 ± 0.58
0.07 ± 0.05
0.84 ± 0.42
0.85 ± 0.47
1.95 ± 0.77

1.70 ± 2.14
0.44 ± 0.53
1.19 ± 1.21
1.07 ± 0.95
7.74 ± 3.00
1.95 ± 1.21
0.16 ± 0.16
0.74 ± 0.38
0.44 ± 0.35
1.62 ± 1.04

1.24 ± 1.49
1.19 ± 1.04
1.07 ± 0.46
1.54 ± 1.82
5.85 ± 1.83
1.91 ± 0.45
0.16 ± 0.18
0.79 ± 0.63
0.28 ± 0.30
1.32 ± 0.75

0.007
0.000
0.005
0.007
0.000
0.022
0.059
0.129
0.000
0.000

1

Percentage normalised metabolite signal level relative to total NMR signal in the region 0.50-9.50 ppm (excluding 4.50-6.40 ppm); 2Significance for
independent samples Kruskal-Wallis one-way ANOVA test with pairwise multiple comparisons. CTR: Healthy controls; CHB: Chronic hepatitis-B related
liver disease; CIR: Cirrhosis; HCC: Hepatocellular carcinoma.

carnitine, citrate, creatine, creatinine, DMA, hippurate,
and TMAO. Within the CHB and CIR patient subgroups,
metabolite differences were also observed according to
HBeAg status and, only in CIR, to treatment with oral
antiviral therapy.
Our findings extend previous studies using urinary
NMR to identify metabolic changes in HCC. Previous
studies showed that urinary NMR changes in HCC
could be distinguished from CIR and CTR in patient
cohorts from Egypt, Nigeria, and The Gambia, with
[8,10]
HCC on a background of either chronic HCV
or
[9,10]
chronic HBV
. An NMR pattern has emerged to
separate HCC from CIR and CTR, which includes a
reduction in hippurate, citrate, creatinine, and TMAO
and an increase in acetate, carnitine, and creatine.
In this population, neither glycine nor formate was
significantly different in HCC between the other study
cohorts, although both of these metabolites were
identified as discriminators in the West African study.
Overall, given that the urinary profile of HCC could
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be distinguished from CIR, CHB, and CTR, this study
provides further support for the suggestion that a
diagnostic marker may be feasible, as consistent
urinary NMR changes are seen across differing eth
nicities as well as varying disease etiologies.
The urinary metabolite changes observed in HCC
subjects relate to alterations in both host and gut
bacterial metabolism. For example, a reduced urinary
concentration of citrate, which is a tricarboxylic acid
intermediate, might be in agreement with Warburg’s
hypothesis of altered mitochondrial aerobic respiration
[8]
and heightened physiological stress of cancer cells .
The alterations observed in carnitine are interesting,
and its increase in HCC is consistent with the previous
[8-10]
urinary NMR profiling studies in HCC
. Carnitine is
required for energy metabolism, enabling fatty acids
[15]
to enter the mitochondria for β-oxidation . Carnitine
can be absorbed from the diet or synthesised in the
liver, testis, and kidney and reabsorbed via the renal
[8]
system . Increased urinary carnitine may, therefore,
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Figure 4 Boxplots of selected metabolites. Metabolites [acetate, carnitine, creatinine, dimethylamine (DMA), hippurate, and trimethylamine-N-oxide (TMAO)],
showing the results of a comparison of signal levels (normalized to 1) using an independent-samples Kruskal-Wallis test.

correspond to excess carnitine ingestion, increased
biosynthesis, or poor reabsorption and may reflect
overproduction of tumor carnitine to maintain rapid
[8]
growth and fuel mitochondrial activity . Further
evidence of heightened β-oxidation is shown by
relatively higher acetate in the urine of HCC patients
[10]
than in controls . Advanced HCC can be complicated
by cancer cachexia with associated sarcopenia, and
urinary creatinine concentration has been suggested
[16]
as a biomarker of sarcopenia . In combination
with other factors, however, urinary NMR creatinine
concentration may contribute to a biomarker panel for
HCC. Our findings on urinary creatine suggest that it is
elevated in HCC in comparison to ethnically-matched
healthy controls but is reduced in CIR patients in
comparison to the same controls. Creatine has a direct
function in cellular energy transport, and it may be

WJG|www.wjgnet.com

that creatine is elevated in rapidly growing cells; and,
indeed, urinary creatine levels may be increased 24 h
[17]
after partial hepatectomy in rats .
The urinary changes in DMA, hippurate, and TMAO
implicate alterations in the gut microbiome. TMAO
is the oxidation product of trimethylamine (TMA),
which can be produced by bacterial degradation of
dietary phosphatidylcholine and choline. It is likely
that a decrease in TMAO reflects dysregulation of the
intestinal microbiota. DMA can also be a product of
gut bacterial metabolism of dietary choline, although it
can originate from the N-methylation of methylamines
from the breakdown of creatine. While diet was not
controlled for in the study, and such a proposition
would be difficult to implement, the observation
that HBeAg status has an influence on DMA levels
does further suggest that gut bacterial metabolism
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might have pathophysiological consequences in CHB
and HCC. Hippurate is formed by the conjugation of
benzoate with glycine in liver and kidney mitochondria.
Benzoate is formed from dietary aromatic compounds
via gut microbial metabolism. It has been suggested
that less efficient benzoate conjugation and lower
urinary hippurate excretion levels may result from
[8]
reduced hepatic function in patients with HCC .
The differences observed in the urinary profiles
according to HBeAg status within the CHB and CIR
subgroups are worth exploring in more detail in future
studies. In this cohort, differences were seen in DMA
and creatinine levels between HBeAg positive and
negative subjects in the CHB and CIR subgroups
respectively. The rate of disease progression has
[18]
been shown to be influenced by HBeAg status , and
it would be particularly interesting if these urinary
metabolic differences could be attributed to differences
in cell turnover, for example.
An impact of antiviral treatment on relative urinary
creatine levels was observed in patients with cirrhosis.
[19]
While antiviral therapy may influence renal function ,
it is not clear why urinary creatine levels might be
altered. Regardless, any influence of treatment effects
do need to be considered when interpreting the urinary
metabolite changes.
There are a number of limitations to this present
study. There was a logistical delay between sample
collection and sample analysis, as the Bangladeshi
samples were archived, stored, and transported to
London for NMR analysis, although this would not be
expected to have had any impact on the urinary NMR
profile. The NMR urinary profile from nine subjects
were shown to be outliers using PCA, and confounding
factors included high levels of glucose and overlapping
peaks from unreported over-the-counter medication.
These factors need to be considered for developing
an NMR analysis protocol for inclusion of all NMR
data sets, without obscuring overlapping peaks in
the spectral regions with outlier resonances. There
was gender imbalance between the subgroups, but
analyzing males only as a separate cohort did not alter
the urinary NMR differences seen across the patient
groups. Increased study numbers would allow inclusion
of training and validation data sets and also a more
detailed comparison of NMR findings with currently
available diagnostic serum and clinical biomarkers.
Further prospective studies looking at the urinary NMR
differences in patients with early HCC, for example
[20]
stage 0 using the Barcelona Clinic Liver Cancer score
and also following treatment, would underline the
potential of implementing a urinary screening test for
HCC.
In conclusion, urinary NMR changes in HCC are
consistent with the diverse effects of liver cancer on
human physiology and gut bacterial action and may
aid the development of a cost-effective HCC urinary
dipstick screening test. Such a diagnostic urine test
for HCC could be a paradigm shift in liver cancer
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screening. It could provide a practical and costeffective test that is easy to use in primary care and
particularly applicable to countries of Central and
East Asia. Clinically and economically, such a simple
approach could have a major impact, not only in the
developed economies of Europe and North America,
but also in severely resource limited settings, such as
sub-Saharan Africa. Further validation work is required,
but the pattern emerging from different studies around
the world is promising.
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hepatocellular cancer, with the aim of developing a panel of metabolic markers
to form the basis of a cost-effective dipstick test for hepatocellular cancer.

Innovations and breakthroughs
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controls, consistent with the diverse effects of liver cancer on metabolic pathways
and its interrelationship with the gut microbiome. These results corroborated
previous urinary NMR findings from patients with HCC from Egypt and West Africa.
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Urinary NMR changes in HCC are consistent with the diverse effects of liver
cancer on human physiology and gut bacterial action and may aid in the
development of a cost-effective HCC urinary dipstick screening test. Further
validation work is required, but the pattern emerging from different studies around
the world is promising.
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Abstract

Institutional review board statement: This study was reviewed
and approved by the Ethics Committee of the University Clinic
Frankfurt.

AIM: to assess the rate of infection, appropriateness
of antimicrobial-therapy and mortality on intensive care
unit (ICU). Special focus was drawn on patients with
liver cirrhosis.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained retrospectively.

METHODS: The study was approved by the local
ethical committee. All patients admitted to the Internal
Medicine-ICU between April 1, 2007 and December 31,
2009 were included. Data were extracted retrospectively
from all patients using patient charts and electronic
documentations on infection, microbiological laboratory
reports, diagnosis and therapy. Due to the large
hepatology department and liver transplantation center,
special interest was on the subgroup of patients with
liver cirrhosis. The primary statistical-endpoint was
the evaluation of the influence of appropriate versus

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
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inappropriate antimicrobial-therapy on in-hospitalmortality.

associated with an increased mortality, morbidity and
[1-4]
financial burden . A 51%-prevalence of infection has
been reported for ICU-patients and previously 20% of
patients admitted with septic-shock to an ICU received
[5]
inappropriate antimicrobial-therapy . This knowledge
led to increased efforts to implement early-goaldirected therapy with timely initiation of appropriate
[4]
antimicrobial-therapy in clinical practice .
The aim of the present study was to assess the rate
of infection, as well as appropriate- and inappropriate
antimicrobial-therapy after implementation of earlygoal-directed therapy of infection and sepsis on an
Internal-Medicine-ICU and to assess the association of
appropriate-and inappropriate antimicrobial-therapy on
mortality. In addition, special focus was drawn on the
subgroup of patients with liver cirrhosis. This special
interest was derived due to the hepatologic focus of
our unit with a large hepatology outpatient and innpatient clinic including transplantation unit. A previous
meta-analysis reported a 4-fold increase in mortality in
[6]
patients with liver-cirrhosis that acquire an infection .

RESULTS: Charts of 1979 patients were available.
The overall infection-rate was 53%. Multiresistantbacteria were present in 23% of patients with infection
and were associated with increased mortality (P <
0.000001). Patients with infection had significantly
increased in-hospital-mortality (34% vs 17%, P <
0.000001). Only 9% of patients with infection received
inappropriate initial antimicrobial-therapy, no influence
on mortality was observed. Independent risk-factors
for in-hospital-mortality were the presence of septicshock, prior chemotherapy for malignoma and infection
with Pseudomonas spp. Infection and mortality-rate
among 175 patients with liver-cirrhosis was significantly
higher than in patients without liver-cirrhosis. Infection
increased mortality 2.24-fold in patients with cirrhosis.
Patients with liver cirrhosis were at an increased risk to
receive inappropriate initial antimicrobial therapy.
CONCLUSION: The results of the present study report
the successful implementation of early-goal-directed
therapy. Liver cirrhosis patients are at increased risk
of infection, mortality and to receive inappropriate
therapy. Increasing burden are multiresistant-bacteria.

MATERIALS AND METHODS
All patients admitted to the Internal-Medicine-ICU of
the Goethe-University-Hospital-Frankfurt between
April 1, 2007 and December 31, 2009 were included
in the study. Data were extracted retrospectively
from all patients using patient-charts and electronicdocumentations on infection, microbial-isolates,
diagnosis and therapy. The study was approved by the
local ethical-committee. The study protocol included
the special focus on liver cirrhosis patients and was
approve prior to the study recruitment.
Demographic, physiological, antimicrobial and
therapeutic-data were collected from all patients.
Only the first seven days after ICU-admission were
evaluated concerning microbial-isolates and antibioticregimen. Patient characteristics are shown in Tables 1
and 2.
Infection was defined according to the definitions of
[7]
the International Sepsis-Forum and adjudicated by
the senior-physicians. Data concerning infection were
extracted from the ICU-doctor´s final-report, from
imaging (Computed-Tomogaphy, Magnetic-ResonanceImaging, X-ray, ultrasound, endoscopy) and from the
microbiological laboratory-reports.
Appropriate/inappropriate antimicrobial-therapy
was determined for all patients with infection.
Appropriate initial antimicrobial-therapy was defined
as: (1) initiation of appropriate empirical antimicrobialtherapy at symptom begin (recurrence or persistent
hypotension) with in vitro activity appropriate to
isolated pathogenic organisms according to the
th
Sanford Guide on Antimicrobial Therapy 2010 (40
[8]
edition) and the national guidelines 2010 of the Paul[9]
Ehrlich-society for chemotherapy or according to the
antibiotic susceptibility-testing; and (2) appropriate
empiric therapy for culture negative infections accor

Key words: intensive care unit; sepsis-bundle; early
goal-directed therapy; liver cirrhosis; mortality
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study evaluating the
association of appropriate and inappropriate antimicrobial
therapy on intensive care unit-mortality with special
focus on patients with liver cirrhosis. Charts of 1979
patients were available for analysis. Patients with infection
had significantly increased in-hospital mortality. Only
9% of patients with infection received inappropriate
initial antimicrobial therapy. Multiresistant bacteria were
detected in 23% of patients with infection and were
associated with increased mortality. Infection increased
mortality 2.24-fold in patients with cirrhosis. Patients
with liver cirrhosis were at an increased risk to receive
inappropriate initial antimicrobial therapy.
Friedrich-Rust M, Wanger B, Heupel F, Filmann N, Brodt R,
Kempf VAJ, Kessel J, Wichelhaus TA, Herrmann E, Zeuzem
S, Bojunga J. Influence of antibiotic-regimens on intensivecare unit-mortality and liver-cirrhosis as risk factor. World J
Gastroenterol 2016; 22(16): 4201-4210 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i16/4201.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i16.4201

INTRODUCTION
Infections are a worldwide problem concerning patients
admitted to intensive care units (ICU), since they are
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Table 1 Characteristics of patients n (%)
Characteristic

All patients
(n = 1979)

Age (yr), mean ± SD (range)
61 ± 16 (16-96)
Male sex
1236 (62.5)
Days on ICU, mean ± SD (range)
5.53 ± 9.88 (1-217)
Hospital-mortality
489 (24.7)
Severity score on admission day
SAPS II, mean ± SD (range)
35 ± 16 (5-93)
TISS, mean ± SD (range)
9.5 ± 8.8 (0-55)
Highest severity score within 7 d after admission
SAPS II, mean ± SD (range)
39 ± 17 (6-93)
TISS, mean ± SD (range)
12.0 ± 9.4 (0-55)
Type of admission
Internal medicine ICU
825 (41.7)
Cardiology ICU
1154 (58.3)
Source of admission
Emergency department
923 (46.6)
Other hospital
274 (13.8)
Hospital ward
613 (31.0)
Operating room
132 (67.0)
Surgical IMC/ICU
38 (1.9)
Comorbid conditions
1410 (71.2)
COPD
233 (11.8)
Heart failure (EF < 30%)
114 (5.8)
Coronary artery disease
455 (23.0)
Chronic renal failure
342 (34.2)
Diabetes mellitus
474 (24.0)
Liver-cirrhosis
175 (8.8)
Cancer
229 (11.6)
Hematologic neoplasia
111 (5.6)
HIV
76 (3.8)
Immunosuppressive Tx
106 (5.4)
Chemotherapy
108 (5.5)
Number of cormobid conditions
0
566 (28.6)
1
593 (30.0)
2
415 (21.0)
3
260 (13.1)
>3
146 (7.4)
Mechanical ventilation
942 (47.6)
Hemodialysis
274 (13.8)

Patients without
infection (n = 937)

Patients with infection
(n = 1042)

OR (95%CI)

P value

61 ± 16 (16-96)
614 (65.5)
2.89 ± 5.97 (1-76)
140 (14.9)

61 ± 16 (16-95)
622 (60)
8.12 ± 12 (1-217)
349 (33.5)

1.003 (0.997-1.008)
0.779 (0.649-0.935)
0.877 (0.858-0.897)
2.883 (2.312-3.595)

> 0.20
0.0074
< 0.000001
< 0.000001

30 ± 14 (5-80)
6.3 ± 7.4 (0-35)

39 ± 16 (5-93)
11.6 ± 9.1 (0-55)

0.958 (0.950-0.965)
0.925 (0.912-0.938)

< 0.000001
< 0.000001

32 ± 15 (6-91)
7.5 ± 8.0 (0-35)

44 ± 17 (6-93)
14.6 ± 9.1 (0-55)

0.954 (0.947-0.961)
0.909 (0.897-0.921)

< 0.000001
< 0.000001
< 0.000001

275 (29.3)
663 (70.8)

550 (52.8)
491 (47.1)

468 (49.9)
87 (9.3)
276 (29.5)
98 (10.5)
9 (0.96)
607 (64.8)
84 (9.0)
59 (6.3)
244 (26.0)
140 (14.9)
227 (24.2)
57 (6.1)
89 (9.5)
39 (4.2)
15 (1.6)
29 (3.1)
32 (3.4)

455 (43.7)
187 (17.9)
337 (32.2)
34 (3.3)
29 (2.8)
803 (77.1)
149 (14.3)
55 (5.3)
211 (20.2)
202 (19.4)
247 (23.7)
118 (11.3)
140 (13.4)
72 (6.9)
61 (5.9)
77 (7.4)
76 (7.3)

Reference
2.211 (1.662-2.941)
1.256 (1.023-1.541)
0.357 (0.237-0.538)
3.314 (1.552-7.079)
1.840 (1.511-2.241)
1.696 (1.278-2.252)
0.830 (0.569-1.212)
0.722 (0.585-0.891)
1.371 (1.082-1.736)
0.973 (0.791-1.197)
1.974 (1.420-2.744)
1.481 (1.117-1.962)
1.711 (1.147-2.553)
3.826 (2.160-6.779)
2.501 (1.616-3.870)
2.230 (1.461-3.403)

330 (35.2)
257 (27.4)
174 (18.6)
109 (11.6)
68 (7.3)
265 (28.3)
61 (6.5)

236 (22.6)
336 (32.2)
241 (23.1)
151 (14.5)
78 (7.5)
677 (65.0)
213 (20.4)

4.710 (3.892-5.701)
3.694 (2.736-4.987)

< 0.000001
< 0.000001
0.029
0.000001
0.0020
< 0.000001
0.00026
> 0.20
0.0024
0.0089
> 0.20
0.000052
0.0063
0.0085
0.0000043
0.000039
0.00020
0.000023

<0.000001
<0.000001

SAPS II: Simplified Acute Physiology Score II; TISS: Therapeutic Intervention Scoring System; ICU: Intensive care unit; IMC: Intermediate care unit, Internal
medicine ICU includes patients from Gastroenterology, Hepatology, Pulmonology, Endocrinology, Oncology, Hematology, Infectiology, Rheumatology
departments, while Cardiology-ICU include patients from Cardiology, Angiology, Nephrology department; EF: Ejection fraction.

ding to the underlying clinical syndrome, risk-factors
(hospital-stay, previous antibiotics, immunosuppre
ssive patient) in accordance to the Sanford Guide
th
[8]
on Antimicrobial Therapy 2010 (40 edition) and
national guidelines 2010 of the Paul-Ehrlich-society
for chemotherapy and the local hospital resistance[9]
statistics and initiation of appropriate antimicrobialtherapy at symptom begin.
In addition appropriate adjustment of antimicrobialtherapy within the first 7 d of ICU-stay was recorded.

Data were expressed as mean ± SD for normally
distributed variables and median and range for others.
All statistical tests were 2-sided and p < 0.05 was
considered statistically significant. No correction for
multiple-testing was done. Wilcoxon-Mann-Whitneytest was used to compare numeric variables between
the main-groups of patients. Ordinal-variables were
analyzed using Chi-square-test and via binary-logistic
regression-analysis. A multivariate-logistic regressionanalysis was performed by forward binary-logisticregression including all relevant nominal-variables, in
which the significant variables were selected.

Statistical analysis

The primary statistical-endpoint was the evaluation
of the influence of appropriate versus inappropriate
antimicrobial-therapy on in-hospital-mortality. Multi
variate-logistic regression-analysis was performed.
The statistical analysis was performed using SPSSversion-20 (SPSS-Inc, Chicago, IL, United States).
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Characteristics of infection

Between April 1, 2007 and December 31, 2009, 2148
patients were admitted to the Internal-Medicine-ICU
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Table 2 Site of infection and types of microorganisms in culture-positive infected patients n (%)

Site of primary infection
Respiratory tract
Abdomen/GIT
Renal/urinary tract
Skin
CNS
Endocarditis
Bloodstream
Others
Sepsis
Sites with detection of microorganism
Respiratory tract
Gastrointestinal
Bloodstream
Renal/urinary tract
Skin
Catheter-related
CNS
Others
Culture-positive
Gram-positive isolates
S. aureus
MRSA
S. epidermidis
S. pneumoniae
VSE
VRE
Others
Gram-negative isolates
E. coli
Enterobacter spp.
Klebsiella spp.
Pseudomonas spp.
Acinetobacter spp.
ESBL-producing Enterobacteriaceae
Others
Other bacteria
Fungi
Candia albicans
other Candida spp.
C. glabrata
C. tropicalis
C. krusei
Others
Aspergillus spp.
Pneumocystis jiroveci
Other fungi
parasites
Multiresistant-bacteria
MRSA
VRE
ESBL-producing
Enterobacteriaceae
Pseudomonas spp.
Stenotrophomonas spp.
Acinetobacter spp.
Others

All patients with infection
(n = 1042)

Appropriate therapy
(n = 948)

Inappropriate therapy
(n = 94)

P value

716 (68.7)
49 (4.7)
33 (3.2)
13 (1.2)
12 (1.2)
26 (2.5)
5 (0.5)
35 (3.4)
207 (19.8)

658 (69.4)
46 (4.9)
32 (3.4)
13 (1.4)
10 (1.1)
24 (2.5)
5 (0.5)
33 (3.5)
179 (18.9)

58 (61.7)
3 (3.2)
1 (1.1)
0
2 (2.1)
2 (2.3)
0
2 (2.1)
28 (29.8)

0.12
> 0.20
> 0.20
> 0.20
> 0.20
> 0.20
> 0.20
> 0.20
0.011

400 (38.4)
215 (20.6)
156 (15.0)
185 (17.8)
174 (16.7)
51 (4.9)
10 (1.0)
87 (8.4)
697 (66.9)
473 (45.4)
187 (17.9)
45 (4.3)
17 (1.6)
16 (1.5)
93 (8.9)
91 (8.7)
172 (16.5)
368 (35.3)
99 (9.5)
45 (4.3)
56 (5.4)
93 (8.9)
10 (1.0)
42 (4.0)
148 (14.2)
17 (1.6)
484 (46,5)
406 (39.0)
197 (18.9)
128 (12.3)
39 (3.7)
17 (1.6)
13 (1.3)
27 (2.6)
14 (1.3)
10 (1.0)
1 (0.1)
235 (22.6)
45 (4.3)
91 (8.7)
42 (4.0)

345 (36.4)
184 (19.4)
130 (13.7)
155 (16.4)
145 (15.3)
39 (4.1)
10 (1.1)
70 (7.4)
606 (63.9)
400 (42.2)
171 (18.0)
31 (3.3)
15 (1.6)
12 (1.3)
67 (7.1)
68 (7.2)
138 (14.5)
320 (33.8)
89 (9.4)
39 (4.1)
49 (5.2)
79 (8.3)
5 (0.5)
37 (3.9)
122 (12.8)
11 (1.2)
421 (40,4)
359 (37.9)
165 (17.4)
108 (11.4)
33 (3.5)
13 (1.4)
11 (1.2)
8 (0.8)
4 (0.4)
10 (1.1)
1 (0.1)
180 (19.0)
31 (3.3)
68 (7.2)
37 (3.9)

55 (58.5)
31 (33.0)
26 (27.7)
30 (31.9)
29 (30.9)
12 (12.8)
0
17 (18.1)
91 (69.8)
73 (77.7)
16 (17.0)
14 (14.9)
2 (2.1)
4 (4.3)
26 (27.7)
23 (24.5)
34 (36.2)
48 (51.1)
10 (10.6)
6 (6.4)
7 (7.4)
14 (14.9)
5 (5.3)
5 (5.3)
26 (27.7)
6 (6.4)
63 (6,1)
47 (50)
32 (3.4)
20 (21.3)
6 (6.4)
4 (4.3)
2 (2.1)
19 (20.2)
10 (10.6)
0
0
55 (58.5)
14 (14.9)
23 (24.5)
5 (5.3)

16 (1.5)
19 (1.8)
3 (0.29)
21 (2.01)

14 (1.5)
12 (1.3)
1 (0.1)
19 (2.0)

2 (2.2)
7 (7.4)
2 (2.2)
2 (2.2)

0.000026
0.0019
0.00030
0.000165
0.00012
0.00021
> 0.20
0.00055
< 0.000001
< 0.000001
> 0.20
< 0.000001
> 0.20
0.025
< 0.000001
< 0.000001
< 0.000001
0.00081
> 0.20
> 0.20
> 0.20
0.033
0.0000055
> 0.20
0.00099
0.00014
0.00028
0.021
0.010

< 0.000001
< 0.000001
> 0.20
0.00072
< 0.000001

appropriate therapy: patients who received appropriate antimicrobial-therapy; inappropriate therapy: patients who received inappropriate antimicrobialtherapy; GIT: gastrointestinal tract; CNS: central nervous system; VSE: Vancomycin-sensitive Enterococcus; VRE: Vancomycin-resistant Enterococcus; ESBL:
extended-spectrum β-lactamase producing bacteria; MRSA: Methicilline-resistant Staphylococcus aureus.
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In hospital mortality (%)
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Figure 1 Impact of appropriate and inappropriate antimicrobial-therapy on in hospital-mortality. Culture+: culture-positive infection; culture-: culture-negative
infection; bacteremia+: patients with positive blood cultures; bacteremia-: patients with negative blood cultures; gram+: culture-positive for gram-positive bacteria;
gram-: culture-positive for gram-negative bacteria; yeast+: culture-positive for yeast; MRB: multiresistant-bacteria.

83% of patients without infection (p < 0.000001).

of the Goethe-University-Hospital-Frankfurt. From
1979 patients enough data were available to include
them into the analysis. Of the 1979 patients, 1042
(53%) were classified as having an infection. Infected
patients had more comorbid conditions, higher SAPSII and TISS-scores, received more often mechanicalventilation and hemodialysis, and had a higher inhospital-mortality-rate than patients without infection.
Details are shown in Table 1.
The most frequent site of infection was the res
piratory-tract, followed by gastrointestinal-infections,
genitourinary-infections, endocarditis and skin-infections
(Table 2).
In 697 patients (67%) from overall 1042 patients
with infection underlying microorganisms were identified.
Gram-positive isolates (S. aureos, S. epidermidis, S.
pneumoniae, VSE, VRE, and others) were found in 45%
(473/1042) of patients with infections and gram-negative
isolates (E. coli, Enterobacter spp., Klebsiella spp.,
Pseudomonas spp., Acinetobacter spp., ESBL-producing
Enterobacteriaceae, and others) in 35% (368/1042).
Details are shown in table 2. Multiresistant-bacteria were
present in 23% of patients with infection; these were
most frequently vancomycin-resistant Enterococcus
faecium (VRE) (8.7%), followed by methicillineresistant Staphylococcus aureus (MRSA) (4.3%) and
extended-spectrum-betalactamase (ESBL)-producing
enterobacteriaceae (4.0%).
Overall, the rate of survival to hospital-discharge
was 66% in patients with infection as compared to

WJG|www.wjgnet.com

Appropriateness of initial antimicrobial-therapy

From all patients with infection, 91% of patients
received appropriate and 9% inappropriate initial
antimicrobial-therapy. From the 697 patients with
infection and positive blood-culture, 87% received
appropriate initial antimicrobial-therapy. The survivalrate to hospital discharge was higher in the group
of patients receiving appropriate antimicrobialtherapy (67% vs 57%). However, this difference was
not statistically significant (p = 0.054). The rate of
inappropriate antimicrobial-therapy in septic-shock was
13.5%. In the group of patients with septic-shock (20%
of patients with infection) no significant difference in
survival-rate to hospital discharge was found between
patients receiving appropriate (n = 179) versus
inappropriate (n = 28) initial antimicrobial-therapy
(44% vs 36%, p > 0.20). Details are shown in Figure
1 and Table 3.
Patients who received inappropriate initial antimicrobialtherapy had a longer ICU stay and suffered from higher
rates of liver-cirrhosis, HIV, and prior chemotherapy. In
addition, patients with multiresistant-bacterial infection
received significantly more often inappropriate initial
antimicrobial-therapy as compared to patients with
other bacterial-infection [58% vs 19%, p < 0.000001;
OR = 6.25 (2.59-15.15), p = 0.000046]. Details are
shown in Table 3.
Escalation of antimicrobial-therapy was documented
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Table 3 Characteristics of patients with infection according to appropriate or inappropriate antimicrobial-therapy n (%)
Characteristic

All patients with
Appropriate therapy Inappropriate therapy
infection (n = 1042)
(n = 948)
(n = 94)

Age (yr), mean ± SD (range)
61 ± 16 (16-95)
Male sex
622 (60.0)
Days on ICU, mean ± SD (range)
8.12 ± 12 (1-217)
ICU-mortality
324 (31.3)
Hospital-mortality
350 (33.6)
Severity score on admission day
SAPS II, mean ± SD (range)
38.67 ± 15.64 (5-93)
TISS, mean ± SD (range)
11.57 ± 9.11 (0-55)
Highest severity score within 7 d after admission
SAPS II, mean ± SD (range)
43.88 ± 16.57 (6-93)
TISS. mean ± SD (range)
14.65 ± 9.14 (0-55)
Type of Admission
Internal Medicine ICU
550 (52.8)
Cardiology ICU
491 (47.1)
Source of admission
Emergency department
455 (43.7)
Other hospital
187 (17.9)
Hospital ward
337 (32.3)
Operating room
34 (3.3)
Surgical IMC/ICU
29 (2.7)
Comorbid conditions
806 (77.4)
COPD
149 (14.3)
Heart failure (EF < 30%)
55 (5.3)
Coronary artery disease
211 (20.2)
Chronic renal failure
202 (19.4)
Diabetes mellitus
247 (23.7)
Liver-cirrhosis
118 (11.3)
Cancer
140 (13.4)
Hematologic neoplasia
72 (6.9)
HIV
61 (5.9)
Immunosuppressive Tx.
77 (7.4)
Chemotherapy
53 (5.1)
Number of cormobid conditions
0
236
1
336
2
241
3
151
>3
78
Mechanical ventilation
677 (65.0)
Hemodialysis
213 (20.4)

61 ± 14 (21-88)

OR (95%CI)

P value
> 0.20
0.18
0.092
0.071
0.055

61 ± 16 (16-95)
376 (39.7)
7.68 ± 11.958 (1-217)
287 (30.3)
310 (32.7)

10.02 ± 11.134 (1-59)
37 (39.4)
40 (42.6)

1.003 (0.99-1.017)
0.747 (0.488-1.143)
1.011 (0.998-0.024)
0.669 (0.432-1.035)
0.656 (0.426-1.009)

38.54 ± 15.82 (5-93)
11.74 ± 9.25 (0-55)

39.95 ± 13.78 (8-68)
9.86 ± 7.42 (0-28)

1.006 (0.992-1.020)
0.976 (0.951-1.002)

> 0.20
0.071

43.68 ± 16.71 (6-93)
14.68 ± 9.27 (0-55)

45.87 ± 15.09 (8-81)
14.32 ± 7.73 (0-38)

1.008 (0.994-1.022)
0.996 (0.971-1.021)

> 0.20
> 0.20
0.0022

486 (51.3)
461 (48.7)

64 (68.1)
30 (31.9)

418 (44.1)
170 (17.9)
305 (32.2)
31 (3.3)
24 (2.6)
729 (76.9)
137 (14.5)
50 (5.3)
195 (20.6)
182 (19.2)
220 (23.2)
100 (10.5)
122 (12.9)
68 (7.2)
51 (5.4)
69 (7.3)
47 (5.0)

37 (39.4)
17 (18.1)
32 (34.0)
3 (3.2)
5 (5.3)
77 (81.9)
12 (12.8)
5 (5.3)
16 (17.0)
20 (21.3)
27 (28.7)
18 (19.1)
18 (19.1)
4 (4.3)
10 (10.6)
8 (8.5)
6 (6.4)

Reference
0.425 (0.153-1.179)
0.48 (0.162-1.429)
0.504 (0.18-1.411)
0.465 (0.101-2.14)
0.842 (0.498-1.424)
1.154 (0.613-2.172)
0.991 (0.385-2.549)
1.262 (0.721-2.211)
0.879 (0.523-1.478)
0.750 (0.468-1.202)
0.498 (0.286-0.866)
0.624 (0.361-1.079)
1.739 (0.620-4.877)
0.478 (0.234-0.975)
0.844 (0.393-1.813)
2.634 (1.691-4.102)

219 (23.1)
304 (32.1)
219 (23.1)
138 (14.6)
68 (7.2)
621 (65.5)
194 (20.5)

17 (18.1)
32 (34.0)
22 (23.4)
13 (13.8)
10 (10.6)
56 (59.6)
19 (20.2)

1.289 (0.836-1.987)
1.016 (0.599-1.721)

> 0.20
0.10
0.19
0.19
> 0.20
> 0.20
> 0.20
> 0.20
> 0.20
> 0.20
> 0.20
0.014
0.091
> 0.20
0.042
> 0.20
0.000018
> 0.20

> 0.20
> 0.20

appropriate therapy: patients who received appropriate antimicrobial-therapy; inappropriate therapy: patients who received inappropriate antimicrobialtherapy; SAPS II: Simplified Acute Physiology Score II; TISS: Therapeutic Intervention Scoring System; ICU: Intensive care unit; IMC: Internal Medicine
ICU includes patients from Gastroenterology, Hepatology, Pulmonology, Endocrinology, Oncology, Hematology, Infectiology, Rheumatology departments,
while Cardiology-ICU include patients from Cardiology, Angiology, Nephrology department; EF: Ejection fraction.

within the first 7 d of ICU stay in 20% of patients
with infection, and de-escalation in 31%, respectively.
From the 94 patients with infection who received
inappropriate initial antimicrobial-therapy, antimicrobialtherapy was adjusted appropriately within the first
seven days in 38 (40%) of patients according to the
AST.

0.0057], chemotherapy for malignoma received within
3 mo prior to ICU admission [OR = 4.274 (1.37-13.33),
p = 0.012] and infection with Pseudomonas spp.[OR =
4.187 (1.665-12.579), p = 0.0030].
Risk factors for in-hospital mortality in patients with
infection are shown in table 5.
Multivariate-logistic regression-analysis for patients
with infection only revealed as independent riskfactors for in hospital-mortality the presence of septicshock at admission [OR = 3.576 (2.347-5.448), p <
0.000001], SAPS-II-score at admission [OR = 1.014
(1.002-1.027), p = 0.017], presence of comorbiddisease [OR = 2.228 (1.443-3.627), p = 0.00043],
mechanical-ventilation [OR = 1.712 (0.993-2.959), p
= 0.034], pulmonary focus of infection [OR = 1.885
(1.200-2.963), p = 0.0061], liver-cirrhosis [OR =

Mortality

In hospital-mortality-rate was 25% in the overall ICU
population and 34% in patients with infection. Details
are shown in table 4.
Multivariate-logistic regression-analysis including
all significant variables revealed as independent riskfactors for in hospital-mortality the presence of septicshock at admission [OR = 2.928 (1.246-6.787), p =
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Table 4 Risk factors for in hospital mortality n (%)
Characteristic

Patients who died in hospital Patients surviving

Age (yr)
SAPS II score (mean)
TISS score (mean)
Number of comorbid conditions
chemotherapy for malignoma within 3 mo prior to admission
clinical infection on admission
septic-shock on admission
bacteriemia
multiresistant-bacterial infections
mechanical ventilation during ICU stay
C-reactive-protein at admission (mg/dl)
creatinine-values at admission (mg/dl)
bilirubin-values at admission (mg/dl)
INR

63
47
12.8

Odds ratio

60
37
8.5
1.851 [1.446-2.369]
2.385 [1.605-3.543]
2.883 [2.312-3.595]
4.993 [3.707-6.727]
2.119 [1.515-2.962]
2.189 [1.664-2.879]
5.018 [3.981-6.324]

8.76
1.93
3.175
1.81

6.23
1.644
1.818
1.46

P value
0.0011
< 0.000001
< 0.000001
< 0.000001
0.000017
< 0.000001
< 0.000001
< 0.000001
< 0.000001
< 0.000001
< 0.000001
< 0.000001
0.0014
< 0.000001

SAPS II: Simplified Acute Physiology Score II; TISS: Therapeutic Intervention Scoring System; ICU: Intensive care unit.

Table 5 Risk factors for in hospital mortality of patients with infection
Characteristic
SAPS II score (mean)
TISS score (mean)
Number of comorbid conditions
mechanical ventilation during ICU stay
pulmonary-infections
catheter-related infection
bilirubin-values at admission (mg/dl)
INR

Patients who died in hospital
42
12.7

Patients surviving

Odds ratio

37
11.03
1.824 [1.311-2.539]
2.363 [1.765-3.164]
1.741 [1.301-2.33]
2.578 [1.51-4.399]

3.39
1.83

2.458
1.55

P value
0.00021
0.0084
0.00036
< 0.000001
0.00020
0.00052
0.0300
0.0000082

ICU: Intensive care unit.

1.816 (1.061-3.106), p = 0.029] and INR [OR = 1.248
(1.031-1.508), p = 0.022].

= 0.014] and in hospital-mortality-rate [OR = 2.320
(1.684-3.195), p < 0.000001]. Infection-rate and
sepsis-rate was significantly higher in patients with
liver-cirrhosis as compared to patients without livercirrhosis (67% vs 51%, p = 0.000040 and 15% vs
10%, p = 0.046). In patients with liver-cirrhosis the
presence of infection significantly increased in hospitalmortality (49% vs 25%, p = 0.0019). Liver-cirrhosis
was an independent risk-factor for in hospital-mortality
in patients with infection [OR = 1.816 (1.061-3.106),
p = 0.029] (Figure 2).
MELD-score was significantly higher in patients
with liver-cirrhosis who died in hospital as compared
to survivors (MELD-score 28 vs 23, p = 0.012) and
significantly more patients with liver-cirrhosis received
hemodialysis (15% vs 8%, p = 0.043). In patients
with liver-cirrhosis infections with multiresistantbacteria were found in 32% (38/118) of patients.
From these 38 patients, 18% were infected with ESBLproducing bacteria enterobacteriaceae, 18% with
MRSA and 55% with VRE.
No significant difference was found for diagnosticaccuracy of MELD-score (AUROC 73%, 95%CI:
65%-82%) and SAPS-II-score (AUROC 72%, 95%CI:
63%-81%) at admission in identifying risk of inhospital-mortality (p > 0.20).

Liver disease

Chronic liver-disease was known in 272 patients (14%)
with liver-cirrhosis present in 175 of these patients
(64%). From these 272 patients with chronic liver
disease, chronic viral hepatitis infection was present in
150 patients (55%), of whom 101 were infected with
chronic hepatitis C and 49 with chronic hepatitis B.
Only one patient had chronic alcoholic and one patient
autoimmune liver disease. Patients with spontaneous
bacterial infection as primary infection site were not
included in the analysis.
Patients with chronic liver-disease had a higher
infection-rate (69% vs 50%, p < 0.000001) and
presented more often with septic-shock (15% vs 10%,
p = 0.014) as compared to patients without chronic
liver-disease. From all patients with chronic liverdisease, only patients infected with chronic hepatitis C
had significantly higher risk of in hospital-mortality [OR
= 1.660 (1.087-2.534), p = 0.019].
The presence of liver-cirrhosis significantly increased
the risk of infection (OR = 1.974 (1.420-2.744), p =
0.000052], the risk of receiving inappropriate initial
antimicrobial-therapy [OR = 2.008 (1.155-3.497), p
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for microbial evaluation and “early-goal-directed
therapy” with initiation of antimicrobial-therapy as
[17,18]
soon as possible
. After implementation of the
“sepsis-bundle” the Surviving-Sepsis-Campaign
study group published a study performed at 165
sites with 15022 subjects and reported an increase
in compliance with the sepsis bundle from 11 to 31%
two years after implementation and a reduction in
[19]
mortality . Other studies have reported a similar
[20]
association . The present study also started after
implementation of the sepsis-bundle with early-goaldirected antimicrobial-therapy with empiric calculated
therapy on the ICU-ward. Only 9% of patients with
infection and 13.5% of patients with septic-shock
received inappropriate antimicrobial-therapy. This
[16]
was lower than reported in a study of Kumar et al
published in 2009 including 5715 patients with septicshock with 20% of inappropriate therapy of patients
with septic-shock and significant reduction of survival
in those receiving inappropriate therapy (10% vs
[16]
52%) . Although these two studies cannot be directly
compared, it shows a trend towards improvement
of initial antimicrobial-therapy. While in the study of
[16]
Kumar a significant reduction of survival (42%) was
found in patients receiving inappropriate antimicrobialtherapy as compared to patients receiving appropriate
antimicrobial-therapy, no significant reduction was
found in the present study (10%). Antimicrobialtherapy is only one aspect of the sepsis bundle,
therefore other factors might have also played a role in
the present study.
Multiresistant-microorganisms are an increasing
[21]
burden on ICUs worldwide . Also in the present
study multiresistant-bacteria were detected in 23% of
patients with infection. This is higher than the overall
[22,23]
prevalence in German hospitals
. A reason might
be the high proportion of patients colonized with
such bacteria which arrive from countries with high
prevalence of multiresistant-bacteria to be treated
at Frankfurt-University-hospital due to its close
location to Frankfurt international-airport. Therefore,
successful infection control measurements are strictly
implemented inhibiting transmission of such pathogens
from patient to patient. In addition, Frankfurt-UniversityHospital is a referral-hospital and therefore many
severely ill patients, who received multiple antibioticregimens prior to referral, receive further treatment
here.
Nevertheless, inappropriate therapy was significantly
associated with the presence of multiresistant-bacteria
in the present study, suggesting that empirical therapy
has to cover multiresistant-bacteria more regularly.
Studies have shown that inappropriate antimicrobialtherapy for gram negative ESBL producers was
associated with significant increase in mortality (59.5%
[24]
vs 18.5%, p < 0.001) . Common risk factors for
infection with multiresistant-bacteria are: residence
in nursery home, recent hospital stay, mechanical
ventilation, age, prior antibiotic therapy and foreign

Log odds ratio with 95%CI

2.0

1.5

1.0

0.5

0.0
1
Liver cirrhosis and infection

Figure 2 49% of patients with liver-cirrhosis and infection died in hospital,
compared to 25% with liver-cirrhosis and without infection. The plot shows
the log odds ratio (0.8063, marked by the dot) and its 95%CI [(0.1086-1.5039),
marked by the whiskers], i.e. patients with liver-cirrhosis and infection had a 2.24
greater in-hospital-mortality than patients with liver-cirrhosis without infection.

DISCUSSION
In the present study the infection-rate of patients on
the Internal Intensive Care Unit was 53%. Patients
with infection had more often comorbid conditions
and higher SAPS II scores on admission and during
the first seven days of ICU treatment. The results of
the present study are in accordance with a 1-d point
international multicenter prevalence study by Vincent
[5]
et al reporting infections in 51% of ICU patients and
similar associations. While the present study included
Internal Medicine ICU only, the study by Vincent et
al. included also surgery and trauma patients. The
most common infection focus in the present study
was the lung, followed by abdomen, and genitourinary
tract infection. This again is in accordance with
epidemiological studies concerning infections on
[10-12]
ICU
. Positive microbiological cultures were
obtained in 65% of infected patients with more grampositive than gram-negative microorganisms. This is
in accordance with previous studies that reported an
increasing incidence of gram-positive microorganisms
[2]
on ICUs . In hospital-mortality was significantly
higher in patients with infections and patients with
sepsis as compared to patients without. This again
[2,5]
supports results of previous studies .
Studies have reported higher hospital-mortality
in patients with blood stream infections that receive
[13-15]
inappropriate initial antimicrobial-therapy
.
[16]
In 2006 Kumar et al
reported, that effective
antimicrobial administration within the first hour
of documented hypotension was associated with
increased survival to hospital-discharge in patients
with septic-shock. However, only 50% of septic-shock
patients received effective antimicrobial-therapy
[16]
within 6 h of documented hypotension . In 2004,
the Surviving-Sepsis-Campaign developed guidelines
for the management of severe sepsis and septic[17]
shock . This included besides others, early cultures
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[9,25]

citizenship
. Also in the present study prior anti
microbial-therapy was an independent risk-factor for
infection.
Since the University-Hospital is a liver trans
plantation center, a high number of patients with liverdisease are treated here. Chronic liver-disease was
present in 14% of patients admitted to the ICU with
liver-cirrhosis in 64% of these patients. Patients with
liver-cirrhosis had a significantly higher infectionrate than patients without liver-cirrhosis. This is in
accordance with previous studies reporting infectionrates of 32%-34% in liver-cirrhosis as compared to
[26,27]
5%-7% in the general hospitalized population
.A
meta-analysis reported a 4-fold increase in mortality in
[6]
patients with liver-cirrhosis that acquire an infection .
In addition, patients with sepsis and liver-cirrhosis
have a significant higher mortality-rate as compared
to patients with sepsis in the general hospitalized
[27]
population , this was supported by the results of
the present study. The presence of liver-cirrhosis was
an independent risk factor for in hospital-mortality in
patients with infection. In addition, also in patients
with liver-cirrhosis infection with multiresistantbacteria is increasing. A recent study resported an
incidence of 39% multiresistant-bacteria in patients
[28]
with liver-cirrhosis and nosocomial infection . In the
present study an infection with multiresistant-bacteria
could be found in 32% of patients with liver-cirrhosis.
Inappropriate antimicrobial-therapy was significantly
more often in patients with liver-cirrhosis. The high
rate of multiresistant-bacteria could be an explanation
herefore. A recent study revealed a significantly
higher rate of septic-shock and in-hospital-mortality in
patients with liver-cirrhosis infected with multiresistant[29]
bacteria (26% vs 10% and 25% vs 12%) .
MELD-score and SAPS-II-score at admission
performed equally good concerning the prediction
of in-hospital-mortality with diagnostic accuracies of
73% and 72%. A previous systematic review including
21 studies reported diagnostic accuracies of 81% for
MELD-score and 83% for SOFA (sequential-organ[29]
failure-assessment)-score . Therefore both studies
report comparable results for general ICU prognosticmarkers and liver-specific prognostic-markers for
patients with liver-cirrhosis on ICU and therefore might
supplement each other.
A limitation of the present study is its monocentric
retrospective study-design. Nevertheless, the distribution
of infections was comparable to previous multicenter[5]
studies .
The inclusion of patients with culture-negative infec
tion might be criticized and lead to bias. However, no
difference in percentage of appropriate to inappropriate
antimicrobial-therapy was found in a subanalysis of
patients with culture-positive infections only.
In conclusion, the results of the present study
report the successful implementation of early-goaldirected therapy. Increasing burden are multiresistantbacteria, which are associated with increased mortality.
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care unit (ICU)-patients and previously 20% of patients admitted with septicshock to an ICU received inappropriate antimicrobial-therapy.
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AIM: To test the correlation between lymphocyte-tomonocyte ratio (LMR) and survival after radiofrequency
ablation (RFA) for colorectal liver metastasis (CLMs).
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METHODS: From July 2003 to Feb 2012, 127 con
secutive patients with 193 histologically-proven
unresectable CLMs were treated with percutaneous
RFA at the University of Foggia. All patients had
undergone primary colorectal tumor resection before
RFA and received systemic chemotherapy. LMR was
calculated by dividing lymphocyte count by monocyte
count assessed at baseline. Treatment-related toxicity
was defined as any adverse events occurred within
4 wk after the procedure. Overall survival (OS) and
time to recurrence (TTR) were estimated from the
date of RFA by Kaplan-Meier with plots and median
(95%CI). The inferential analysis for time to event
data was conducted using the Cox univariate and
multivariate regression model to estimate hazard ratios
(HR) and 95%CI. Statistically significant variables from
the univariate Cox analysis were considered for the
multivariate models.
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RESULTS: Median age was 66 years (range 38-88)
and patients were prevalently male (69.2%). Median
LMR was 4.38% (0.79-88) whereas median number of
nodules was 2 (1-3) with a median maximum diameter
of 27 mm (10-45). Median OS was 38 mo (34-53)
and survival rate (SR) was 89.4%, 40.4% and 33.3%
at 1, 4 and 5 years respectively in the whole cohort.
Running log-rank test analysis found 3.96% as the
most significant prognostic cut-off point for LMR and
stratifying the study population by this LMR value
median OS resulted 55 mo (37-69) in patients with
LMR > 3.96% and 34 (26-39) mo in patients with LMR
≤ 3.96% (HR = 0.53, 0.34-0.85, P = 0.007). Nodule
size and LMR were the only significant predictors for OS
in multivariate analysis. Median TTR was 29 mo (22-35)
with a recurrence-free survival (RFS) rate of 72.6%,
32.1% and 21.8% at 1, 4 and 5 years, respectively
in the whole study group. Nodule size and LMR were
confirmed as significant prognostic factors for TTR in
multivariate Cox regression. TTR, when stratified by
LMR, was 35 mo (28-57) in the group > 3.96% and 25
mo (18-30) in the group ≤ 3.96% (P = 0.02).

represents a valuable therapeutic option in patients who
develop liver metastases, but unfortunately less than
20% of them is suitable for surgery mainly due to high
tumor burden or extrahepatic tumoral disease which
render systemic chemotherapy the more appropriate
[2,3]
treatment in such cases . When the surgical option is
unfeasible due to patient comorbidities, unwillingness to
undergo surgery or tumor location, local ablation may
represent a valuable alternative.
Percutaneous radiofrequency ablation (RFA), an
ablative technique which determines coagulation
necrosis of the tumor by means of radiofrequencyinduced heat, has proved effective in prolonging survival
in a number of liver malignancies such as hepatocellular
[4-6]
carcinoma (HCC)
, liver metastases from CRC
[7]
[8]
[9]
(CLMs) , breast and ovarian cancer . Cumulative
evidence has demonstrated that inflammatory cells
infiltrates in the tumor microenvironment have a
large influence on the biological behavior of several
[10]
[11]
malignancies, including HCC and CRC . In particular,
macrophages constitute the most represented
leukocyte lineage in such infiltrates and are well-known
to promote tumor proliferation, neo-angiogenesis
[12-15]
and metastasis occurrence
. As a consequence,
immunohistochemical studies have validated the
association between high monocyte/macrophage
density in the tumoral stroma and unfavorable prog
[10,16]
nosis in a number of malignancies
.
Several inflammatory bio-markers have been
tested in CLMs, among them widely available and easy
to use are those obtained from peripheral blood cell
count such as neutrophil-to-lymphocyte ratio (NLR)
and monocyte level (expressed as percentage) but
none of them have been definitively and unequivocally
[17,18]
validated
. Since the pre-operative lymphocyteto-monocyte ratio (LMR) has been recently found to
correlate accurately with clinical outcomes in CLM
[19]
patients undergoing hepatic resection , we decided
to test whether this marker exerts a prognostic
role and therefore can be considered a predictor of
overall survival (OS) and time to recurrence (TTR)
in CRC patients with liver metastases treated with
percutaneous RFA.

CONCLUSION: Our study provides support for the
use of LMR as a novel predictor of outcome for CLM
patients.
Key words: Colorectal liver metastasis; Radiofrequency
ablation; Survival; Prognosis; Regression
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to test the
correlation between baseline lymphocyte-to-monocyte
ratio (LMR) and survival outcomes in colorectal liver
metastasis patients treated with radiofrequency
ablation. Median overall survival (OS) was 55 mo in
patients with LMR > 3.96% and 34 mo in patients with
LMR ≤ 3.96% (P = 0.007). Time to recurrence (TTR)
was 35 mo in the group > 3.96% and 25 mo in the
group ≤ 3.96% (P = 0.02). Nodule size and LMR were
the only significant predictors either for OS and for
TTR in multivariate analysis. LMR was useful as clinical
predictor of survival outcomes.

MATERIALS AND METHODS

Facciorusso A, Del Prete V, Crucinio N, Serviddio G, Vendemiale
G, Muscatiello N. Lymphocyte-to-monocyte ratio predicts
survival after radiofrequency ablation for colorectal liver
metastases. World J Gastroenterol 2016; 22(16): 4211-4218
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i16/4211.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i16.4211

Patients

From July 2003 to Feb 2012, 127 consecutive patients
with 193 histologically-proven CLMs deemed unresec
table by consensus of a multidisciplinary team or who
refused surgery were treated with percutaneous RFA
at the University of Foggia.
All patients had undergone primary colorectal
tumor resection before RFA and tumor staging was
assessed by multiphasic contrast-enhanced computed
tomography (CT) or gadolinium-enhanced magnetic
resonance imaging (MRI), according to current
[3]
guidelines .
Inclusion criteria were: (1) confirmed proof of

INTRODUCTION
Colorectal cancer (CRC) is the second cause of cancerrelated mortality in developed countries and the third
[1]
most common malignancy worldwide . Liver resection
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malignancy of CLM; (2) patients not suitable to surgery
(due to comorbidities, unfavorable tumor location or
those requiring large/difficult surgery) or who refused
liver resection; (3) nodule size < 5 cm; (4) no more
than three lesions; (5) complete resection of primary
neoplasm and no extrahepatic tumors; (6) platelet
3
count > 40000/ mm and prothrombin time ratio >
40%; and (7) no pre-treatment hematology disease,
infection or hyperpyrexia.
All patients received systemic chemotherapy,
mostly according to Douillard regimen (irinotecan,
[20]
leucovorin, and 5-fluorouracil) for four to six cycles ,
as adjuvant treatment. In cases of tumor progression
the FOLFOX (folinic acid, fluorouracil, oxaliplatin)
regimen was adopted.
The absolute peripheral blood lymphocyte and
monocyte counts were derived from the complete
blood cell count before RFA, with LMR calculated by
dividing lymphocyte count by monocyte count.
This study was approved by our Institutional Review
Board for retrospective evaluation of de-identified
patients.
Patients were followed up until July 2015 (median
63 mo, 95%CI: 54-71).

When local tumor progression occurred, RFA was
re-planned when technically feasible and on the basis
of the likelihood of achieving complete response. For
those who developed more extensive metastases or
extrahepatic disease, systemic chemotherapy was
given whenever possible.

Statistical analysis

Categorical variables were expressed as frequencies
and percentages and continuous variables as medians
and ranges.
OS and TTR were analyzed by Kaplan-Meier method
and expressed in terms of median (95%CI).
Candidate predictors of survival outcomes were
tested with Cox univariate and multivariate regression
test and results were described as hazard ratios (HR)
and 95%CI. Only those variables which resulted
significant in univariate setting were inserted into
[23]
multivariate model .
Running log-rank test was performed to identify
[24]
a reliable LMR prognostic cut-off value . With this
method, all the observed LMR values were plotted
against survival and log-rank test was performed for
each value up to the level that covered 90% of the
patients. The LMR value with the highest log-rank
statistical value was finally chosen as the optimal
[24]
cutoff point .
Furthermore, in order to assess the independence
of LMR from other clinical and tumoral markers,
linear and logistic regression models correlating this
inflammatory index and the main laboratory and
tumoral parameters at baseline were built.
The analysis was performed using R Statistical
Software (Foundation for Statistical Computing, Vienna,
Austria) and significance threshold was established at
the 0.05 level (two-sided).

Treatment protocol

The technical details of the ablative procedures per
[4-6]
formed in our center have been described elsewhere .
Briefly, ultrasound-guided RFA was performed under
conscious sedation with a 150W generator (Model 1500
L; RITA Medical System, Mountain View, California),
connected to a 15-14-gauge probe with a 2.0-cmlong exposed tip able to deploy seven hooks. The
needle was then inserted into the centre of the nodul
maintaining the temperature of the tip at 80-110 ℃ for
10-12 min. At the end of the RFA cycle, track ablation
was performed in order to prevent tumoral seeding or
hemorrhage. In the case of multinodular disease, all
nodules were treated in a single session. Aim of the
procedure was to achieve complete nodule ablation with
a 5 mm safety margin around the target area. All the
cycles were performed with no pre-procedural antibiotic
or anti-inflammatory drug administration.

RESULTS
Clinical characteristics of patients

Clinical and demographic characteristics are summarized
in Table 1. Median age was 66 years (range 38-88) and
patients were prevalently male (69.2%). Median NLR
was 1.74% (0.33-13.09) whereas LMR was 4.38%
(0.79-88). Median carcinoembryonic antigen (CEA) level
was 34.2 ng/mL (1.5-1198). Median number of nodules
was 2 (1-3) with a median maximum diameter of 27
mm (10-45). Most metastatic lesions were synchronous
(77.1%) and colon was the most common location of
the primary tumor (74.8%).
Regression analysis found no significant correlation
between LMR and the other clinical and tumoral
markers at baseline. In fact, LMR did not correlate with
age (rho = -0.21, P = 0.34), NLR (rho = 0.27, P =
0.10), gender (P = 0.49), CEA (rho = 0.19, P = 0.12),
max nodule diameter (rho = 0.12, P = 0.31), timing of
metastases occurrence (P = 0.24), and performance
status (P = 0.62).

Patient monitoring and response evaluation

Patients were followed-up by means of multiphasic
CT scan imaging and adverse events were assessed
according to Common Terminology Criteria for Adverse
[4-6,21]
Events 4.0
at 1 mo after the procedure and, in
the case of complete response, every 4 mo for the first
3 years and at 5-6 mo thereafter. Treatment-related
toxicity was defined as any adverse events occurred
within 4 wk after the procedure.
Response rate was defined according to commonly
accepted criteria recently proposed by a group of
experts and complete response was considered
the absence of contrast enhancement in the target
[22]
nodule .
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A

1.0
Survival probility (%)

Table 1 Baseline characteristics of the study population
Variable

Number at risk LMR > 3.96% 70
LMR ≤ 3.96% 57

112 (88.1%)/15 (11.9%)

B

0.6
0.4
LMR ≤ 3.96%

0.2

P = 0.007

0.0
0

20
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60

80

17
3

2
1

t /mo

Values are expressed as median (range) or absolute numbers (percentages)
when appropriate. NLR: Neutrophil-to-lymphocyte ratio; LMR: Lymphocyteto-monocyte ratio; CEA: Carcinoembryonic antigen; ECOG: Eastern
Cooperative Oncology Group.

1.0
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0.8
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LMR > 3.96%

0.4
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LMR > 3.96%

66 (38-88)
88 (69.2%)/39 (30.8%)
1.77 (0.45-5.98)
3.29 (0.98-12.17)
0.35 (0.01-2.15)
1.74 (0.33-13.09)
4.38 (0.79-88)
34.2 (1.5-1198)
2 (1-3)
27 (10-45)
95 (74.8%)/32 (25.2%)
98 (77.1%)/29 (22.9%)

Recurrence probility (%)

Age (yr)
Gender (M/F)
Absolute lymphocyte count (103 cells/µL)
Absolute neutrophil count (103 cells/µL)
Absolute monocyte count (103 cells/µL)
NLR (%)
LMR (%)
CEA (ng/mL)
Number of Nodules
Max diameter (mm)
Primary tumor (colon/rectum)
Timing of occurrence
(synchronous/metachronous)
ECOG performance status (0/1)
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Figure 1 Scatter plot of log Hazard Ratios for overall survival plotted
against Lymphocyte-to-neutrophil ratios. The most significant cut-off value
LMR was 3.96%. HR: Hazard ratio; LMR: Lymphocyte-to-monocyte ratio.

As for absolute monocyte count and NLR, the
respective cut-off points used in uni/multivariate
regression analysis were selected by means of receiver
operating characteristic curve (data not shown).

Tumor response and safety data

Out of 127 treated patients, 115 reached the
complete response (90.5%) after the first RFA and the
remaining 12 patients needed a second procedure in
order to achieve the complete tumor ablation.
Mean number of RFA sessions needed to achieve
the complete ablation was 1.09 ± 0.23 with a median
time to response of 3 mo (95%CI: 2-4).
No treatment-related deaths nor severe adverse
events were observed.

Overall survival

During the study follow-up, 82 patients died.
Median OS was 38 mo (34-53) and survival rate
(SR) was 89.4%, 40.4% and 33.3% at 1, 4 and 5
years respectively in the whole cohort.
NLR, LMR, CEA levels, number of nodules and
nodule size were found to be predictors of OS in
univariate analysis (Table 2). The multivariate Cox
analysis restricted the significant predictors of OS to
nodule size (P = 0.001) and LMR (P = 0.02) (Table 2).

Prognostic cut-off level of LMR

Running log-rank analysis was performed to find
a reliable LMR cut-off value able to predict OS as
described in Figure 1.
The most significant cut-off value was 3.96%.
Stratifying the study population by this cut-off point,
median OS resulted 55 mo (37-69) in patients with
LMR > 3.96% and 34 (26-39) mo in patients with LMR
≤ 3.96% (HR = 0.53, 0.34-0.85, P = 0.007) (Figure
2A).
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Figure 2 Kaplan-Meier curves. A: Overall survival. Median overall survival
resulted 55 mo (37-69) in patients with LMR > 3.96% and 34 (26-39) mo in
patients with LMR ≤ 3.96% (P = 0.007). LMR: Lymphocyte-to-Monocyte Ratio.
B: Time to recurrence. Median time to recurrence was 35 mo (28-57) in the
group with LMR > 3.96% and 25 mo (18-30) in the group with LMR ≤ 3.96% (P
= 0.02). LMR: Lymphocyte-to monocyte ratio.

0.2

1

42
30

Tumor recurrence

During the study follow-up, 90 patients experienced
tumor recurrence, of which 26 (28.8%) were local
recurrences (i.e., in the same liver segment) and 64
(71.2%) new metastases. Median TTR was 29 mo
(22-35) with a recurrence-free survival (RFS) rate
of 72.6%, 32.1% and 21.8% at 1, 4 and 5 years,
respectively.
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Table 2 Cox univariate/multivariate regression for overall survival
Univariate analysis
Variables
Age (reference ≤ 65 yr)
Gender (reference F)
Monocyte ratio (reference ≤ 5%)
NLR (reference ≤ 2.1)
LMR (reference ≤ 3.96)
CEA (reference ≤ 34 ng/mL)
Number of nodules (reference 1)
Max diameter (reference ≤ 30 mm)
Primary tumor (reference colon)
Timing (reference synchronous)
ECOG PS (reference 0)

Multivariate analysis

P value

Hazard ratio (95%CI)
1.16 (0.68-1.95)
1.41 (0.58-3.1)
1.38 (0.46-2.78)
1.62 (0.87-3.64)
0.53 (0.34-0.85)
1.83 (1.24-4.07)
1.69 (1.13-4.22)
2.1 (1.59-5.1)
1.18 (0.46-1.43)
1.29 (0.77-1.84)
1.54 (0.94-2.75)

0.39
0.14
0.16
0.03
0.007
0.01
0.02
0.002
0.34
0.21
0.09

Hazard ratio (95%CI)

1.48 (0.22- 2.79)
0.49 (0.29-0.96)
1.38 (1.03-2.54)
1.27 (2.02-6.63)
2.49 (1.45-5.46)

P value

0.14
0.02
0.32
0.48
0.001

NLR: Neutrophil-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio; CEA: Carcinoembryonic antigen; ECOG: Eastern Cooperative Oncology
Group; PS: Performance status.

Table 3 Cox univariate/multivariate regression for time to recurrence
Univariate analysis

Multivariate analysis

Variables

HR (95%CI)

P value

HR (95%CI)

Age (reference ≤ 65 yr)
Gender (reference F)
Monocyte ratio (reference ≤ 5%)
NLR (reference ≤ 2.1)
LMR (reference ≤ 3.96)
CEA (reference ≤ 38 ng/mL)
Number of nodules (reference 1)
Max Diameter (reference ≤ 30 mm)
Primary tumor (reference colon)
Timing (reference synchronous)
ECOG PS (reference 0)

1.01 (0.57-1.59)
1.29 (0.63-1.91)
1.23 (0.47-2.11)
1.49 (0.88-2.89)
0.62 (0.40-0.95)
1.69 (1.04-4.21)
1.41 (1.11-3.64)
2.29 (1.58-5.2)
1.12 (0.52-1.64)
1.21 (0.89-1.75)
1.01 (0.72-1.34)

0.61
0.52
0.45
0.04
0.02
0.02
0.05
< 0.001
0.48
0.41
0.87

1.28 (0.21- 4.75)
0.41 (0.25-0.89)
1.38 (1.12-3.48)
1.53 (1.23-3.49)
3.59 (1.86-6.31)

P value

0.26
0.01
0.22
0.10
0.003

NLR: Neutrophil-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio; CEA: Carcinoembryonic antigen; ECOG: Eastern Cooperative Oncology
Group; PS: Performance status.

treatment results. Among them, biomarkers of the
infiltrating inflammatory microenvironment may
represent an important determinant for the clinical
outcome in several malignancies such as HCC and
[10,17]
CLMs
.
In fact, the immune system plays an important
role in cancer as it can destroy cancer cells but also
establish the tumor microenvironment that facilitates
cancer cell proliferation and metastasis occurrence.
Lymphocytes are key immune cells in both humoral
and cellular antitumor immune responses while
monocytes are recruited into tumors where they
alter the tumor microenvironment to promote cancer
progression through local immune suppression and
[28]
angiogenesis . As a consequence high monocyte
counts have been reported to be a poor prognostic
[18,29]
factor in patients with solid tumors
and a low LMR,
defined as the absolute lymphocyte count divided by
the absolute monocyte count, has been proposed as
a more reliable predictor of poorer prognosis in a wide
[30]
range of cancers . Thus a low LMR, which reflects the
imbalance in immune response in favor of monocytes/
macrophages over lymphocytes, may be responsible
of a week antitumor immunity and a favorable micro

NLR, LMR, CEA levels, number of nodules and
nodule size resulted predictors of TTR in univariate
analysis, but only maximum diameter (P = 0.001) and
LMR (P = 0.01) were confirmed in multivariate setting
(Table 3).
TTR, when stratified by LMR, was 35 mo (28-57) in
the group > 3.96% and 25 mo (18-30) in the group ≤
3.96% (P = 0.02) (Figure 2B).

DISCUSSION
RFA represents a valuable therapeutic option for
primary and secondary hepatic malignancies in
patients unsuitable to surgery or unwilling to undergo
[3,25]
major liver resection
.
Because of differences in inclusion criteria, local
expertise and use of adjuvant chemotherapy, post-RFA
outcomes vary widely between the different published
series, with local recurrence rates ranging from 2% to
[26,27]
60%
.
The significant difference in patient outcomes
reported throughout the literature has raised an
increasing interest on the research and characterization
of the main prognostic factors able to influence post-
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environment for tumor growth.
The interesting results of a recent study seem to
support the use of pre-operative LMR as prognostic
[19]
factor in CLMs patients after liver resection but further
studies are needed in order to confirm such findings;
furthermore, whether this index may represent a
reliable predictor of patients survival in other therapeutic
fields such as loco-regional treatments is still unknown.
Therefore, aim of our study was to test the cor
relation between baseline LMR and survival outcomes in
our series of CLM patients treated with RFA. To the best
of our knowledge our study is the first report on the
prognostic role of this novel inflammatory biomarker in
metastatic CRC patients.
In order to exclude any theoretical influence of
other tumoral and clinical parameters on LMR values,
linear and logistic regression analyses were performed
which confirmed the independence of lymphocyteto-monocyte ratio from other baseline features. After
wards, since LMR is a continuous variable, all values
observed in our population were tested with log-rank
analysis as predictors of survival in order to identify an
accurate cut-off point aimed at stratifying the whole
cohort in two different prognostic groups. The higher HR
was obtained using as LMR cut-off level 3.96%.
Noteworthy, the cut-off point found in our analysis
is consistent with other reports using LMR as predictor
of patients survival in several cancers and this aspect
further strengthens and puts our results in line with
[19,30]
the current literature
.
Patients presenting a higher pre-treatment LMR
beyond the aforementioned cut-off showed significantly
better survival outcomes with a median OS of 55 mo
(vs 34 in patients with LMR ≤ 3.96%, P = 0.007) and
median TTR of 35 mo (vs 25 in the group ≤ 3.96%, P
= 0.02).
Cox multivariate analysis confirmed LMR, together
with tumor size, as a significant predictor of either OS
and TTR (P = 0.02 and 0.01; respectively).
Interestingly, LMR resulted superior to both NLR
and absolute monocyte count in prognostic accuracy
and this represents one of the most important findings
in our study. If confirmed in larger prospective series
our results could pave the way to the wide use of this
useful and commonly available marker in the clinical
field.
With regard to toxicity and tumor response, our
results are in keeping with most of the published
literature and confirm the effectiveness of RFA in CLM
[3,26,27]
patients
.
The main strength of the current study is the novelty
of our findings that propose a novel, reliable and
easily measurable prognostic factor for CLM patients.
Second, our series constitutes one of the largest monoinstitutional cohort of CLM patients treated with RFA and
gives a further proof of the efficacy and safety of such
an ablative technique in this oncological setting. Third,
the very long recruitment period allowed us to report

WJG|www.wjgnet.com

long-term data up to 10 years from the treatment. To
the best of our knowledge only a minority of clinical
[26,27]
papers
provided so complete and long-term data,
which are indeed essential for the proper definition of
patient prognosis in colorectal cancer.
On the other hand, our paper presents several
limitations. First, the findings of the current study
could be weakened by its retrospective design.
However, completeness of the database and the
long follow-up period allowed us to overcome this
limitation. Furthermore, the single-center nature of
our experience stands for an homogenous approach
to CLM patients and exclude any difference in terms
of operator expertise and follow-up accuracy. Second,
the lack of an external validation cohort requires
further studies in order to consider LMR as a reliable
prognostic tool. Moreover, the relatively low number of
patients with low LMR did not allow to observe a linear
trend of log HR for survival. Therefore, LMR cut-off
level we propose needs further confirmation in wider
series with a larger range of baseline LMR values.
Therefore, our study represents a pivotal report aimed
at paving the way to well-designed prospective trials.
In conclusion, our study provides support for the
use of a novel predictor of outcome for CLM patients.
Hence, LMR should be tested in prospective trials in
order to verify its accuracy and validate an unequivocal
prognostic cut-off point.
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Colorectal cancer (CRC) is the second cause of cancer-related mortality
in developed countries and the third most common malignancy worldwide.
Cumulative evidence has demonstrated that inflammatory cells infiltrates in the
tumor microenvironment have a large influence on the biological behavior of
several malignancies, including CRC. In particular, macrophages constitute the
most represented leukocyte lineage in such infiltrates and are well-known to
promote tumor proliferation, neo-angiogenesis and metastasis occurrence. As
a consequence, immunohistochemical studies have validated the association
between high monocyte/macrophage density in the tumoral stroma and
unfavorable prognosis in a number of malignancies. Several inflammatory biomarkers have been tested in CRC liver metastases (CLMs), among them widely
available and easy to use are those obtained from peripheral blood cell count
such as neutrophil-to-lymphocyte ratio (NLR) and monocyte level (expressed
as percentage) but none of them have been definitively and unequivocally
validated. Since the pre-operative lymphocyte-to-monocyte ratio (LMR) has
been recently found to correlate accurately with clinical outcomes in CLM
patients undergoing hepatic resection, we decided to test whether this marker
exerts a prognostic role in CRC patients with liver metastases treated with
percutaneous RFA.

Research frontiers

This study provides support for the use of a novel predictor of outcome for CLM
patients. Hence, LMR should be tested in prospective trials in order to verify its
accuracy and validate an unequivocal prognostic cut-off point.

Innovations and breakthroughs

The cut-off point found in our analysis (3.96%) is consistent with other reports
using LMR as predictor of patients survival in several cancers and this aspect
further strengthens and puts the results in line with the current literature.
Patients presenting a higher pre-treatment LMR beyond the aforementioned
cut-off showed significantly better survival outcomes with a median OS of 55
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mo (vs 34 in patients with LMR ≤ 3.96%) and median TTR of 35 mo (vs 25 in
the group ≤ 3.96%). Interestingly, LMR resulted superior to both neutrophilto-lymphocyte ratio and absolute monocyte count in prognostic accuracy and
this represents one of the most important findings in our study. With regard
to toxicity and tumor response, our results are in keeping with most of the
published literature and confirm the effectiveness of RFA in CLM patients.
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Applications

This study provides support for the use of LMR as a novel predictor of outcome
for CLM patients treated with RFA. If a patient has a baseline LMR > 3.96%, it
will show better survival outcomes after RFA.
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Very good and interesting study focusing on use of biomarkers used to predict
efficacy of locoregional treatment. Methodology appears to be correct, the
rationale of the study is convincing, and results are useful in clinical practice.
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ORIGINAL ARTICLE
Retrospective Study

Predictors of poor outcome in gastrointestinal bleeding in
emergency department
Ender Kaya, Mehmet Ali Karaca, Deniz Aldemir, M Mahir Ozmen

Abstract

Ender Kaya, Dr. Nafiz Korez State Hospital, Sincan 06932,
Ankara, Turkey

AIM: To determine the prognostic risk factors of gastro
intestinal bleeding in emergency department cases.

Mehmet Ali Karaca, Deniz Aldemir, Emergency Medicine
Department, Faculty of Medicine, Hacettepe University, Sihhiye
06100, Ankara, Turkey

METHODS: The trial was a retrospective single-center
study involving 600 patients over 18-years-old and carried
out with approval by the Institutional Ethics Committee.
Patient data included demographic characteristics,
symptoms at admission, past medical history, vital signs,
laboratory results, endoscopy and colonoscopy results,
length of hospital stay, need of intensive care unit (ICU)
admission, and mortality. Mortality rate was the principal
endpoint of the study, while duration of hospital stay,
required interventional treatment, and admission to the
ICU were secondary endpoints.

M Mahir Ozmen, General Surgery Department, Faculty of
Medicine, Hacettepe University, Sihhiye 06100, Ankara, Turkey
Author contributions: Kaya E and Karaca MA contributed
equally to planning the study, collecting and analyzing the data,
and drafting the manuscript; Aldemir D contributed in collecting
the data; Ozmen MM revised the manuscript for important
intellectual content.
Conflict-of-interest statement: The authors have no
commercial association or sources of support that might pose a
conflict interest.

RESULTS: The mean age of patients was 61.92-yearsold. Among the 600 total patients, 363 (60.5%)
underwent upper gastrointestinal endoscopy and the
most frequent diagnoses were duodenal ulcer (19.2%)
and gastric ulcer (12.8%). One-hundred-and-fifteen
(19.2%) patients required endoscopic treatment, 20
(3.3%) required surgical treatment, and 5 (0.8%)
required angiographic embolization. The mean length of
hospital stay was 5.21 ± 5.85 d. The mortality rate was
6.3%. The ICU admission rate was 5.3%. Patients with
syncope, higher blood glucose levels, and coronary artery
disease had significantly higher ICU admission rates
(P = 0.029, P = 0.043, and P = 0.002, respectively).
Patients with low thrombocyte levels, high creatinine,
high international normalized ratio, and high serum
transaminase levels had significantly longer hospital
stay (P = 0.02, P = 0.001, P = 0.019, and P = 0.005,
respectively). Patients who died had significantly higher
serum blood urea nitrogen and creatinine levels (P =
0.016 and P = 0.038), and significantly lower mean
blood pressure and oxygen saturation (P = 0.004 and P
= 0.049). Malignancy and low Glasgow coma scale (GCS)
were independent predictive factors of mortality.

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/
Correspondence to: Mehmet Ali Karaca, MD, Emergency
Medicine Department, Faculty of Medicine, Hacettepe University,
Sihhiye 06100, Ankara, Turkey. mehmetalikaraca@gmail.com
Telephone: +90-532-5918202
Fax: +90-312-3052512
Received: December 3, 2015
Peer-review started: December 4, 2015
First decision: January 28, 2016
Revised: February 10, 2016
Accepted: March 1, 2016
Article in press: March 2, 2016
Published online: April 28, 2016

WJG|www.wjgnet.com

4219

April 28, 2016|Volume 22|Issue 16|

Kaya E et al . Prognostic values of gastrointestinal bleeding

CONCLUSION: Prognostic factors for gastrointestinal
bleeding in emergency room cases are malignancy,
hypotension on admission, low GCS, and impaired
kidney function.

patients (18 years or older) who were admitted to the
ED at Hacettepe University Faculty of Medicine (Ankara,
Turkey) between January 1, 2001 and December
31, 2010 were identified from the hospital database
using ICD-10 codes. Each patient’s medical records
were obtained with approval by the institutional ethics
committee (IRB No. 410.01-907). Those patients
who had been transferred from other centers with a
diagnosis of GI bleeding, those whose GI bleeding
started after admission, and those with inadequate
data in their medical records were excluded from the
study.
Patient data collected for analysis included demo
graphic characteristics, health-related complaints,
medical history, vital signs, laboratory values, endoscopy
and colonoscopy results, duration of follow-up, and
mortality. Mortality rate was the principal endpoint of the
study. Duration of hospital stay, required interventional
treatment, and admission to the ICU were secondary
endpoints.

Key words: Gastrointestinal bleeding; Poor prognosis;
Mortality; Emergency department; Kidney function;
Malignancy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Early diagnosis and identification of patients
at high risk of poor prognosis with gastrointestinal
bleeding may increase survival rates. Identification of
factors associated with prognosis based upon findings
at admission to the emergency department will help to
improve management of patients with gastrointestinal
bleeding.
Kaya E, Karaca MA, Aldemir D, Ozmen MM. Predictors of poor
outcome in gastrointestinal bleeding in emergency department.
World J Gastroenterol 2016; 22(16): 4219-4225 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i16/4219.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i16.4219

Statistical analysis

The SPSS, version 18.0, was used for data analysis.
Inter-group (2 groups) comparison was carried out
2
using the independent samples t-test, χ test, and
2
Fisher’s χ analysis. Multiple (> 2) group comparison
was carried out using one-way analysis of variance
(ANOVA) with averaged values. To determine which
group was responsible for differences found in the
ANOVA results, the Tukey’s honest significant difference
test was used. Relationship between categorical variables
2
was assessed by χ analysis, and relationship between
quantitative measurements was assessed by Pearson’s
correlation analysis. A P value of < 0.05 was considered
statistically significant.

INTRODUCTION
Gastrointestinal (GI) bleeding is one of the clinical
conditions that results in approximately 7000
admissions to emergency medicine departments (EDs)
[1]
annually . Acute GI bleeding can be life threatening
in some patients, and the overall rate of mortality
for patients admitted with acute GI bleeding has
[1]
been reported at 7% to 8.2% . Moreover, a large
proportion of these patients (reported at 19% to 28%)
are admitted and monitored in the intensive care unit
[2]
(ICU) . Determining the clinical variables that will
facilitate identification of patients with GI bleeding,
who are at high risk for poor prognosis, may aid in
improving initial triage as well as the timing of primary
endoscopic hemostasis and the management of
[2]
therapy . In addition, identifying those patients who
are at low risk (i.e., those with minor bleeding) will
[3]
allow for their treatment as outpatients .
The aim of this study was to determine risk factors
of patients with GI bleeding upon admission to the
emergency department in order to improve triaging
of the patients according to high risk for mortality and
needs for ICU hospitalization, longer hospital stay, and
surgical treatment.

RESULTS
A total of 721 patients with GI bleeding symptoms had
been admitted to the ED between January 1, 2001
and December 31, 2010. Of those, 600 patients met
the inclusion criteria and were included in the study.
Of the 121 patients that were excluded, 38 had been
transferred from another hospital, 42 had GI bleeding
that occurred in-hospital, and 41 had incomplete data.
The mean age of the included patients was 61.92
years (male: 60.83 ± 25.34, female: 63.66 ± 17.93).
The demographic and clinical features of the study
population are shown in Table 1.
Of the 600 total patients, 86.7% had at least
one comorbid disease, with the most frequent being
hypertension (28.3%), diabetes mellitus (15.5%), and
coronary artery disease (15.2%).
Of the 600 total patients, 60.5% underwent upper
gastrointestinal endoscopy, with the most frequent
pathological diagnoses being duodenal ulcer (19.2%)
and gastric ulcer (12.8%). Normal endoscopic results
were reported in 10.2% of the patients. Esophageal

MATERIALS AND METHODS
Data collection

This trial was carried out as a retrospective singlecenter study performed in the ED setting. All adult
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higher interventional treatment rate than the patients
treated with medical therapy (23.9% vs 13.9%, P
= 0.006). Statistical analyses of the patients that
required interventional therapy showed non-significant
differences regarding comorbidities; specifically, the
interventional therapy rate was 22.9% for patients with
chronic hepatic disease, 27.4% for patients with peptic
ulcer, 21.1% for patients with malignancy, 14.3% for
patients with bleeding diathesis, 17.6% for patients with
hypertension, 21.5% for patients with diabetes mellitus,
and 22.0% for patients with coronary artery disease (all
P > 0.05).
Patients that required erythrocyte suspension
replacement had higher surgery rates than patients
that did not require erythrocyte replacement (4.8% vs
1.7%; P = 0.03), while surgery rates did not differ in
patients between fresh frozen plasma replaced (FFP)
and non-replaced groups (4.3% vs 3.1%, P = 0.561).
The laboratory values of patients for whom surgery
was required are given in Table 4. Comorbidities and
admission symptoms were not significantly associated
with the treatment modality.
Of the 600 patients, 5.3% were treated in the ICU,
including 14.7% of the patients who presented with
syncope (P = 0.029), 2.1% of those with hematemesis
(P = 0.051), 5.7% of those with melena (P = 0.560),
and 5.3% of those with hematochezia (P = 0.971).
The ICU admission rate was significantly higher in
patients with syncope (14.7%, P = 0.029). The ICU
admission rate was higher in patients with diabetes
mellitus than non diabetes mellitus (9.7% vs 4.5%, P
= 0.043). Also the ICU admission rate for patients with
coronary artery diseases was higher than for patients
who did not have coronary artery diseases (12.1% vs
4.1%, P = 0.002).
The laboratory results and vital signs of patients
who were treated in the general wards/ED as
compared to those treated in the ICU are presented
in Table 5. Patients who were treated in the general
wards/ED or ICU showed no statistically significant
differences in systolic blood pressure, diastolic blood
pressure, heart rate, Glasgow coma scale (GCS), or
oxygen saturation (SpO2). However, serum glucose
levels were higher in the ICU admission group than in
the patients treated in general wards/ED (171.47 mg
vs 144.53 mg, P = 0.05).
For the 600 study patients, the mean length
of hospital stay was 5.21 ± 5.85 d. Patients with
comorbid diseases had a longer length of hospital
stay than patients without comorbidities (5.52 d
vs 3.16 d, P < 0.001). There were no statistical
differences between admission symptoms and length
of hospital stay. Patients with low thrombocyte level (<
150000/L), high creatinine level (> 1.2 mg/dL), high
international normalized ratio (INR) (> 1.5), and high
serum transaminase levels (AST, ALT) had significantly
longer hospital stay than the patients with normal
thrombocyte, creatinine, INR and serum transaminase
level (P = 0.02, P = 0.001, P = 0.019, P = 0.005,

Table 1 Demographic and clinical characteristics of patients
Characteristic
Sex
Male
Female
Admission symptoms
Melena
Hematemesis
Hematochezia
Syncope
Systolic blood pressure (mmHg)
< 90
90-139
≥ 140
Diastolic blood pressure (mmHg)
< 60
60-89
≥ 90
Heart rate (bpm)
< 60
60-100
> 100
Respiratory rate (rpm)
12-20
> 20
Oxygen saturation (%)
< 92
≥ 92
Glasgow coma score
< 15
15

n
369
231
423
142
76
34
26
546
28
55
539
6
2
448
150
545
55
14
586
21
579

Mean values: Blood pressure, 82.8 ± 13.1 mmHg; Systolic blood pressure,
110.2 ± 18.2 mmHg; Diastolic blood pressure, 69.2 ± 11.8 mmHg; Heart
rate, 92.7 ± 18.37 bpm; Respiratory rate, 18.2 ± 2.6 rpm; SaO 2, 95.15% ±
1.66%; Glasgow coma score, 14.93 ± 0.45.

pathologies, such as esophageal varices (4.9%)
and esophagitis (1.7%), were detected in 7.7% of
the patients who underwent upper gastrointestinal
[4]
endoscopy. Forrest classifications of endoscopic
findings are given in Table 2.
Of the 600 total patients, 7.5% underwent
colonoscopy, with 44.4% of those having normal
colonoscopic findings and anal pathologies being
the most frequently detected diagnoses (20.0%).
Furthermore, active bleeding was observed in 6.7% of
the patients during colonoscopy (Table 3).
Of the 600 total patients, 76.7% received medical
treatment, with 19.2% requiring endoscopy, 3.3%
requiring surgery, and 0.8% requiring angiographic
embolization. Endoscopic treatments included sclero
therapy, laser treatment, argon plasma coagulation, and
mechanical interventions such as hemoclips.
For the 600 total patients, the most frequent
admission symptoms were hematemesis (30.3%),
melena (20.1%), hematochezia (15.8%), and syncope
(29.4%). Rate of interventional treatment, including
endoscopic, surgery and angiographic embolization, was
significantly higher for the patients with hematemesis
than for the patients with other admission symptoms
(P = 0.002). In addition, patients with elevated levels
of blood urea nitrogen (BUN; ≥ 23 mg/dL) had a
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Table 2 Upper endoscopy results, treatment modalities and mortality rates
[4]

Forrest classification

Spurting hemorrhage (1a)
Oozing hemorrhage (1b)
Visible vessel (2a)
Adherent clot (2b)
Flat pigmented hematin on ulcer base (2c)
Lesions without signs of recent hemorrhage/
fibrin-covered clean ulcer base (3)
Total

n (%)

Medical treatment

Endoscopic
1
treatment

Surgery

Angiographic embolization

Exitus

41 (12.2)
41 (12.2)
16 (4.8)
16 (4.8)
3 (0.9)
218 (65.1)

0
0
2
5
3
216

39
39
13
9
0
0

0
2
1
2
0
22

2
0
0
0
0
0

0
2
1
1
0
23

335 (100)

226

100

7

2

6

1

Sclerotherapy, laser, argon plasma coagulation, mechanical modalities; 2Patients who underwent surgery due to gastric malignancy; 3Causes of mortality
include septic shock and pneumonia; Forrest classification is a classification that attempt to standardize the characterization of peptic ulcers.

Table 3 Colonoscopy findings, treatment modality, and mortality rates
Colonoscopic findings

n (%)

Normal findings
Anal pathologies
Recto-sigmoid pathologies
Other colon pathologies
Other pathologies
Total

20 (44.4)
9 (20.0)
7 (15.6)
4 (8.9)
5 (11.1)
45 (100)

Active bleeding
-+
20
9
5
3
5
42

Medical
treatment

Endoscopic
treatment

Surgery

Angiographic
embolization

Exitus

19
7
5
3
4
38

0
0
0
1
1
2

0
2
1
0
0
3

0
0
1
1
0
2

11
0
0
0
0
1

0
0
2
1
0
3

1

Cause of mortality was septic shock.

Table 4 Laboratory results and treatment modalities
Medical treatment

Endoscopic treatment

9.92
29.12
251.59
38.57
1.15
144.25
33.59
26.10
31.36
2.22
83.74
91.81

9.74
28.61
272.61
37.73
1.07
148.50
24.33
20.21
26.92
1.59
81.47
95.04

Hb (g/dL)
Htc (g/dL)
Thrombocytes (103/L)
BUN (mg/dL)
Creatinine (mg/dL)
Glucose, (mg/dL)
AST (IU/L)
ALT (IU/L)
aPTT (s)
INR (s)
Mean blood pressure (mmHg)
Pulse (bpm)

Angiographic embolization
8.32
24.82
282.40
33.60
1.17
173.40
66.20
62.80
31.80
2.40
75.33
108.00

Surgery

P value

8.85
25.85
291.95
35.06
1.07
164.05
59.75
29.25
26.83
2.25
72.83
98.05

0.283
0.273
0.162
0.177
0.864
0.539
0.635
0.825
0.818
0.831
0.001
0.043

Data represent mean values. Hb: Hemoglobin; Htc: Hematocrit; BUN: Blood urea nitrogen; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; aPTT: Active partial thromboplastin; INR: International normalization ratio.

P = 0.016; 1.65 mg/dL vs 1.10 mg/dL, P = 0.038;
76.92 mmHg vs 83.28 mmHg, P = 0.004; 94.63% vs
95.18%, P = 0.049). Malignancy was the independent
predictive factor of mortality for the patients included
in the study (P < 0.001). On the other hand, none
of the patients with a previous history of peptic ulcer
became exitus in this study group (P = 0.014). Lower
GCS was independently correlated with increased
mortality (P < 0.001). The analyses of surviving
patients’ data and mortality are shown in Tables 6 and
7.
For the exitus group, GI endoscopy was performed
in 21.1% of the patients and upper endoscopy
and colonoscopy was performed in only 2.6%. The

respectively).
The overall mortality rate of the total 600 patients
was 6.3%, with 20 patients dying in the ED, 7 in the
general wards, and 11 in the ICU. Eight patients died
within 48 hours of admission. The mean age of the
patients that survived was 61.53 ± 23.16 years and of
the patients who died was 67.74 ± 15.70 years (P =
0.027). Univariate analysis of the clinical risk factors for
mortality showed no statistically significant differences
in sex or admission symptoms. However, serum BUN
and creatinine levels were significantly higher, and
mean blood pressure and Sp02 were significantly lower
for the patients who died compared to those who
survived (respectively 46.39 mg/dL vs 36.24 mg/dL,
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Table 5 Comparison of laboratory results according to
departments of admission
General wards/ED

ICU

P value

9.89
29.04
254.87
36.86
1.13
144.53
33.21
24.63
30.57
2.11
83.09

8.82
25.96
298.88
37.38
1.18
171.47
106.59
88.81
28.36
2.61
79.11

0.051
0.054
0.086
0.909
0.787
0.050
0.131
0.238
0.402
0.370
0.097

92.73
95.16

93.56
94.96

0.803
0.467

Hb (g/dL)
Htc (g/dL)
Thrombocytes (103/L)
BUN (mg/dL)
Creatinine (mg/dL)
Glucose (mg/dL)
AST (IU/L)
ALT (IU/L)
aPTT (s)
INR (s)
Mean blood pressure
(mmHg)
Pulse (bpm)
SpO2 (%)

Table 7 Comparison of surviving and exitus patient history,
need for transfusion, and mortality n (%)

Medical history
Liver disease
+
Peptic ulcer
+
Malignancy
+
Bleeding diathesis
+
Anal disease
+
Hypertension
+
Diabetes mellitus
+
Coronary artery disease
+
Comorbid disease
+
ES replacement
+
FFP replacement
+
GCS
15
< 15

Data represent mean values. Hb: Hemoglobin; Htc: Hematocrit; BUN:
Blood urea nitrogen; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; aPTT: Active partial thromboplastin; INR: International
normalization ratio; ICU: Intensive care unit; ED: Emergency medicine
department.

Table 6 Comparison of laboratory results for surviving and
exitus patients

Hb (g/dL)
Htc (g/dL)
Thrombocytes (103/L)
BUN (mg/dL)
Creatinine (mg/dL)
Glucose (mg/dL)
AST (IU/L)
ALT (IU/L)
aPTT (s)
INR (s)
Mean blood pressure (mmHg)
Pulse (bpm)
SpO2 (%)

Surviving

Exitus

P value

9.85
28.90
259.06
36.24
1.10
144.56
33.06
26.53
30.45
2.18
83.28
92.51
95.18

9.63
28.54
230.05
46.39
1.65
166.76
97.29
50.58
30.43
1.99
76.92
96.68
94.63

0.072
0.085
0.280
0.016
0.038
0.268
0.150
0.061
0.991
0.072
0.004
0.175
0.049

Exitus
38 (6.3)

42 (87.5)
520 (94.2)

6 (12.5)
32 (5.8)

0.730

62 (100)
500 (92.9)

0 (0.0)
38 (7.1)

0.014

64 (84.2)
498 (95.0)

12 (15.8)
26 (5.0)

0.001

7 (100)
555 (93.6)

0 (0.0)
38 (6.4)

0.631

9 (100)
553 (93.6)

0 (0.0)
38 (6.4)

0.553

164 (96.5)
398 (92.6)

6 (3.5)
32 (7.4)

0.051

86 (92.5)
476 (93.9)

7 (7.5)
31 (6.1)

0.373

85 (93.4)
477 (93.7)

6 (6.6)
32 (6.3)

0.530

77 (96.3)
485 (93.3)

3 (3.8)
35 (6.7)

0.227

291 (93.3)
271 (94.1)

21 (6.7)
17 (5.9)

0.400

106 (92.2)
9 (7.8)

456 (94)
29 (6.0)

0.290

549 (94.8)
13 (61.9)

30 (5.2)
8 (38.1)

0.000

ES: Erythrocyte suspension; FFP: Fresh frozen plasma; GCS: Glasgow
coma score.

Data represent mean values. Hb: Hemoglobin; Htc: Hematocrit; BUN:
Blood urea nitrogen; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; aPTT: Active partial thromboplastin; INR: International
normalization ratio.

and previous trials for both upper and lower GI
bleeding. Nonetheless, no studies in the literature to
date have adequately examined all the prognostic
factors of GI bleeding. To the best of our knowledge,
the study described herein is one of the largest
studies to have analyzed the prognostic factors of
all adult patients with GI bleeding presenting to an
ED. The results indicate that having a concomitant
malignancy, decreased GCS, decreased mean arterial
blood pressure, increased serum creatinine level,
or increased BUN level is associated with increased
mortality rate.
More than half of patients with GI bleeding
have a comorbid disease and according to the
literature the most frequent of these diseases are
hypertension, diabetes mellitus, coronary artery
[5-7]
diseases, malignancies, and hepatic diseases
.
Clinical guidelines published in 2008 in Scotland cited
a mortality rate of 4% in GI bleeding patients without
comorbidities, with the mortality rate increasing

diagnoses made from upper GI endoscopy included
esophageal varices (25.0%), gastritis (25.0%),
gastric ulcer (12.5%), and duodenal ulcer (37.5%).
Colonoscopy results were normal for all patients in
the exitus group. Endoscopic procedures were not
performed in 30 of the patients due to hemodynamic
instability (60.0%), high INR (13.3%), and refusal to
accept the endoscopic procedure (26.6%). Causes of
mortality are listed in Table 8, and malignancy was the
most noted concomitant cause of mortality.

DISCUSSION
Acute GI bleeding is a frequent cause of mortality
and morbidity. Optimal management of patients and
prognostic factors have been defined in guidelines
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addition, hypovolemia causes acute renal failure in
[18]
patients with severe bleeding .
In our study, a large majority of the patients re
quired medical treatment, with a very small proportion
[19]
of those requiring surgery. The study by Bor et al
demonstrated that bleeding stopped in 66.9% of
patients upon receipt of medical treatment, with only
3.7% of those patients undergoing surgery (proportions
that were very similar to those in our study). In our
study population, malignancy and severe bleeding with
hemodynamic deterioration were the most common
indications for surgical treatment. Severe bleeding,
however, may cause a decrease in mean arterial
blood pressure and, not surprisingly in our study, was
associated with emergency surgery.
[19]
The study by Bor et al
also showed a mean
length of hospital stay of 7 ± 5.7 d, and another study
[7,19]
by Morales Uribe et al
showed a mean length of 7
d. The length of hospital stay for our study population
was 5.21 d, similar to those previous studies.
In conclusion, our study revealed that the most
important factors in determining morbidity and
mortality of GI bleeding cases presenting to the ED
were the presence of malignancy, hypotension on
admission, low GCS, and impaired kidney function.
These findings should prompt the identification
of patients who present a poor prognosis and will
contribute to improving the management of patients
with GI bleeding in the ED setting.

Table 8 Causes of mortality
Causes of mortality

n (%)

Malignancy1
Esophageal varices bleeding
Sepsis/septic shock
Renal failure
Multi organ failure
Others2
Total

14 (36.8)
8 (21.1)
6 (15.8)
4 (10.5)
3 (7.9)
3 (7.9)
38 (100)

1

Gastric cancer, esophageal adenocancer, hepatocellular carcinoma;
Anticoagulant therapy for venous thromboembolism, mesenteric
ischemia.
2

1.8 times in cases with heart failure, 3.8 times in
cases with malignancy, and 2.0 times in cases with
[1]
liver disease . According to the National Institute
for Health and Clinical Excellence 2012 guidelines,
patients with GI bleeding who also have chronic
[8]
diseases are at a higher risk of death ; similarly,
86.7% of patients in our study had at least one
comorbidity. Furthermore, in our study, the patients
with malignancy had significantly higher mortality rate.
Patients with diabetes mellitus and coronary artery
diseases, however, had significantly higher rates of
ICU admission. Acute bleeding causes hemodynamic
instability, and this condition worsens in the condition
of coronary artery disease, particularly in patients with
heart failure. Another factor underlying the higher ICU
admission rate of patients with coronary artery disease
was anticoagulant, antithrombotic and antiplatelet
[9]
therapy .
Previous studies have indicated prognostic factors for
GI bleeding. The main factors of poor prognosis include
hypotension, anemia, advanced age, changes in mental
[10-12]
status, comorbid diseases, and coagulopathy
.
Some of these risk factors were also identified in our
study. Markers of hemodynamic instability, such as
hypotension, oxygen desaturation and decreased GCS,
may reflect blood loss and bleeding rate. In our study,
the patients with syncope had a higher ICU admission
rate. This is not surprising, however, as syncope is one
of the consequences of hemodynamic instability.
In our study population, patients with increased
BUN and serum creatinine levels also experienced
higher mortality. Uremic bleeding is a well-recognized
complication in patients with renal failure, and it
affects platelet aggregation and/or the coagulation
[13]
cascade . In patients with chronic kidney disease, GI
[14]
bleeding is also a common complication . In addition,
elevated BUN level in patients with GI bleeding can be
[15]
due to ingested blood protein . Therefore, bleeding
and uremia affect the occurrence of one another. The
Blatchford scale uses BUN as one of the variables
to determine the prognostic outcome of patients
[16]
[17]
with upper GI bleeding . Anand et al
showed
that elevated serum creatinine levels are associated
with increased rates of mortality and re-bleeding. In
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4224

April 28, 2016|Volume 22|Issue 16|

Kaya E et al . Prognostic values of gastrointestinal bleeding

Terminology

8

Peer-review

9

Gastrointestinal bleeding is bleeding in the gastrointestinal tract, at any point
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Abstract

Institutional review board statement: This study was
approved by the Ethics Committee of Fujian Provincial Hospital
and conducted in accordance with the Declaration of Helsinki
and international guidelines.

AIM: To assess the impact of eukaryotic elongation
factor 1 alpha 2 (eEF1A2) on hepatocellular carcinoma
(HCC) cell proliferation, apoptosis, migration and
invasion, and determine the underlying mechanisms.

Informed consent statement: All patients provided signed
informed consent.

METHODS: eEF1A2 levels were detected in 62
HCC tissue samples and paired pericarcinomatous
specimens, and the human HCC cell lines SK-

Conflict-of-interest statement: All the authors declare that they
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HEP-1, HepG2 and BEF-7402, by real-time PCR and
immunohistochemistry. Experimental groups included
eEF1A2 silencing in BEL-7402 cells with lentivirus
eEF1A2-shRNA (KD group) and eEF1A2 overexpression
in SK-HEP-1 cells with eEF1A2 plasmid (OE group).
Non-transfected cells (control group) and lentivirusbased empty vector transfected cells (NC group) were
considered control groups. Cell proliferation (MTT and
colony formation assays), apoptosis (Annexin V-APC
assay), cell cycle (DNA ploidy assay), and migration
and invasion (Transwell assays) were assessed. Protein
levels of PI3K/Akt/NF-κB signaling effectors were
evaluated by Western blot.

INTRODUCTION
Human eukaryotic elongation factor 1 alpha 2 (eEF1A2)
gene is located on chromosome 20q13.3 and par
ticipates in peptide chain elongation during protein
translation, therefore playing a critical role in protein
[1]
synthesis . Traditionally, eEF1A2 was considered a
housekeeping protein, with expression limited to the
[1,2]
heart, brain and skeletal muscle . However, recent
studies have attributed more biological functions
to eEF1A2 besides its role as an elongation factor.
eEF1A2 has carcinogenic potential due to these diverse
functions. Recent studies have demonstrated that
eEF1A2 is highly expressed in tumors from multiple
tissues, indicating a tight relation between eEF1A2
and tumor genesis, development and biological
[3-7]
behaviors
. eEF1A2 is known to transmit signals
from the cytoplasm to the nucleus through interaction
with zinc finger protein 1 and subsequent interactions
with a set of receptors with tyrosine kinase ability,
[8]
thus promoting efficient cell proliferation . Besides,
eEF1A2 can also regulate cell apoptosis; high levels
of rat eEF1A2 protect muscle cells from caspase-3[9]
mediated apoptosis . In addition, the interaction
between eEF1A2 and peroxidase Ⅰ protects cells from
oxidative stress-induced apoptosis, involving the
[10]
suppression of caspase-3 and caspase-8 pyrolysis .
Taken together, these findings indicate that eEF1A2
regulation of tumorigenesis may be associated with
[11]
its apoptosis inhibitory ability . In addition to cell
proliferation and apoptosis regulation, eEF1A2 is also
involved in cytoskeleton rearrangement, interacting
with F-actin and shortening microtubules, thus playing
[11,12]
an important role in tumor invasion and migration
.
High eEF1A2 levels were reported to induce filopodia
generation in breast cancer cells, enhancing their
[11]
migration and invasion abilities . Conversely, targeted
silencing of eEF1A2 reduces the migration and
invasion abilities of some tumor cells. Highly expressed
in human breast cancer BT-549 cells and mouse
plasmacytoma ABPC4 cells, eEF1A2 efficiently binds
Akt and induces its phosphorylation, promoting tumor
cell invasion and migration, and thereby increasing
[13]
malignancy .
Primary hepatocellular carcinoma (HCC) is a common
malignancy in China, whose annual cases exceed 50%
[14]
of the global incidence . The mechanism and potential
therapeutic targets of HCC are hotspots in global liver
cancer research. Recently, the microarray-discrepant
genome hybridization technology was applied to analyze
gene expression profiles and functions of candidate
genes in HCC cancer tissues and cell lines. The results
revealed exceptionally high expression of eEF1A2 in
[15-17]
HCC, which is quite intriguing
. Akt is a major regu
lator in the PI3K/Akt/NF-κB signaling pathway, and can
be activated upon phosphorylation to subsequently
[18]
phosphorylate a series of downstream targets . As an
important target downstream of Akt, NF-κB participates
in multiple biological processes such as cell proliferation,

RESULTS: eEF1A2 mRNA and protein levels were
significantly higher in HCC cancer tissue samples than
in paired pericarcinomatous and normal specimens.
SK-HEP-1 cells showed lower eEF1A2 mRNA levels;
HepG2 and BEL-7402 cells showed higher eEF1A2
mRNA levels, with BEL-7402 cells displaying the highest
amount. Efficient eEF1A2 silencing resulted in reduced
cell proliferation, migration and invasion, increased
apoptosis, and induced cell cycle arrest. The PI3K/
Akt/NF-κB signaling pathway was notably inhibited.
Inversely, eEF1A2 overexpression resulted in promoted
cell proliferation, migration and invasion.
CONCLUSION: eEF1A2, highly expressed in HCC, is a
potential oncogene. Its silencing significantly decreases
HCC tumorigenesis, likely by inhibiting PI3K/Akt/NF-κB
signaling.
Key words: Hepatocellular carcinoma; Carcinogenesis;
Eukaryotic elongation factor 1 alpha 2; Proliferation;
PI3K/Akt/NF-κB signaling pathway
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Whether eukaryotic elongation factor 1 alpha
2 (eEF1A2) affects hepatocellular carcinoma (HCC)
biology is largely unknown. In this study, eEF1A2 mRNA
and protein levels were significantly higher in HCC
cancer tissue samples than in paired control specimens.
Efficient eEF1A2 silencing resulted in reduced cell
proliferation, migration and invasion, increased apo
ptosis, and induced cell cycle arrest; the PI3K/Akt/NFκB signaling pathway was notably inhibited. Inversely,
eEF1A2 overexpression resulted in promoted cell
proliferation, migration and invasion. Our findings
indicate that eEF1A2 is a potential oncogene, whose
silencing significantly decreases HCC tumorigenesis,
likely by inhibiting PI3K/Akt/NF-κB signaling.
Qiu FN, Huang Y, Chen DY, Li F, Wu YA, Wu WB, Huang
XL. Eukaryotic elongation factor-1α 2 knockdown inhibits
hepatocarcinogenesis by suppressing PI3K/Akt/NF-κB signaling.
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apoptosis, invasion and migration, by regulating the
[19]
transcription of various genes . EEF1A2 was identified
[17]
as an upstream inducer of PI3K , which promotes
cell migration, invasion and metastasis in pancreatic
[12]
cancer . However, there is no report about the
effects of eEF1A2 silencing on HCC progression, and
the mechanism underlying eEF1A2 involved in HCC is
largely unknown.
This study aimed to assess the effect of eEF1A2
on HCC cell proliferation, apoptosis, invasion, and
migration, and determine its effect on PI3K/Akt/NF-κB
signaling in HCC. We found that eEF1A2 promotes HCC
tumorigenicity, likely by regulating the PI3K/Akt/NF-κB
signaling pathway. These findings indicate that eEF1A2
is a potential novel therapeutic target for HCC.

site 418 was designed as ACTACATCACCATCATCGA,
with the control scrambled siRNA sequence TTCTCC
GAACGTGTCACGT. Both shRNA fragments were cloned
into the GV115 vector (Shanghai Genechem Biotech
Co, Ltd, China) with Age Ⅰ/EcoR Ⅰ double restriction
enzyme digestion sites. Reconstructed lentivirus
vectors expressing GV115-eEF1A2-shRNA and the
negative control were transformed into competent E.
coli DH5α, and positive colonies were selected for PCR
and sequencing. Reconstructed lentivirus expressing
vectors, packing plasmids pHelper 1.0 and pHelper 2.0
were co-transfected into 293T cells with Lipofectamine
2000 (Invitrogen). Forty-eight hours after transfection,
the lentivirus containing culture medium was collected
and concentrated. After titration, lentiviruses were
stored at -80 ℃.
To assess the role of eEF1A2 in tumor cell prolife
ration, apoptosis and migration, a lentivirus expressing
eEF1A2-shRNA was used to infect log-phase BEL-7402
cells. The virus containing culture medium was
replaced with fresh DMEM supplemented with 10%
FBS at 12 h after infection. Five days post lentivirus
infection, three BEL-7402 cell groups were set up:
KD (knockdown, cells infected with eEF1A2-shRNA
lentivirus), NC (negative control, cells infected with
negative control-shRNA lentivirus) and CON (cells
without lentivirus infection). Cells were used for
subsequent experiments, when lentiviral transfection
efficiency was above 80%.

MATERIALS AND METHODS
Patients

A total of 62 HCC patients were enrolled, who had
surgical excision and pathology confirmation from
October 2012 to December 2013 in Fujian Provincial
Hospital. They included 52 males and 10 females of
54.3 ± 12.2 (18.0-73.0) years old. None of them had
radiotherapy or chemotherapy before surgery. Liver
cancer and paired pericarcinomatous tissue specimens
in each patient were excised. A part of each tissue
sample was fixed in 10% neutral buffered formalin for
immunohistochemistry, while the remaining portion
was kept in RNA preserving fluid (Beijing ComWin
Biotech Co., Ltd.) overnight, before storage at -80 ℃
for real-time polymerase chain reaction (PCR).
Normal liver tissue specimens were obtained from
20 patients with liver hemangioma who had surgi
cal excision from October 2012 to December 2013
in Fujian Provincial Hospital. They included 12 men
and 8 women of 40.8 ± 10.4 (25.0-66.0) years old.
These control patients were hepatitis and liver cirrhosis
free. The excised peripheral liver hemangioma tissue
specimens were treated as described above for liver
cancer and paired pericarcinomatous tissue samples.
This study was approved by the Ethics Committee
of Fujian Provincial Hospital; all patients provided
signed informed consent.

Lentivirus-based eEF1A2 overexpression in SK-HEP-1
cells and experimental grouping

According to eEF1A2 sequence in GenBank database
(NM_001958), the following primers were designed:
forward 5’-GAGGATCCCCGGGTACCGGTCGCCACCA
TGGGCAAGGAGAAGACCCAC-3, and reverse 5’-TCC
TTGTAGTCCATACCCTTGCCCGCCTTCTGCGCCTT
CTGCGCCGACTTG-3’ for eEF1A2 cloning. Exogenous
eEF1A2 was expressed in SK-HEP-1 cells via trans
duction of the lentivirus plasmid pGLV5-eEF1A2 (pGLV5
was from GenePharma Co, Ltd, China), to assess the
role of eEF1A2 in tumor cell proliferation, apoptosis
and migration. Three groups of cells were set up: OE
(overexpression, cells infected with eEF1A2 lentivirus),
NC (negative control, cells infected with negative
control lentivirus) and CON (cells without lentivirus
infection). The SK-HEP-1 cells were collected 5 d after
infection, and used for RT-PCR or Western blot.

Cell culture

The human HCC cell lines SK-HEP-1, HepG2 and
BEL-7402 were purchased from Institute of Biochemistry
and Cell Biology, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences (China).
Cells were cultured in DMEM (Gibco, United States)
supplemented with 10% fetal bovine serum (FBS,
Gibco) and incubated at 37 ℃ in a humid environment
containing 5% CO2.

RT-PCR

Total RNA was extracted from homogenized samples
using TRIzol Reagent (Invitrogen, United States) and
treated with DNase. A total of 62 HCC liver cancer
and paired pericarcinomatous tissue specimens, 20
normal liver tissue samples, and log-phase HCC SKHEP-1 and HepG2 cells were assessed. In addition, the
three BEL-7402 cell groups (KD, NC, and CON) were
analyzed after 5 d of culture post-lentiviral infection, as
described above. For each sample, 2 μg of RNA were

Lentivirus-based short hairpin RNA silencing in
BEL-7402 cells and experimental grouping

According to eEF1A2 sequence in GenBank database
(NM_001958), an interfering shRNA sequence targeting
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was carefully removed followed by addition of 100
μL DMSO to dissolve the purple crystals. Finally,
absorbance was read at 490 nm on an American stat
Fax-2100microplate reader (Awareness Technology,
United States). Cell proliferation curve was obtained
with absorbance values and time on the vertical and
horizontal axes, respectively.

Table 1 Primers used in this study
Gene
eEF1A2
GAPDH

Primers (5’-3’)

Length (bp)

GTCAAGGAAGTCAGCGCCTAC
TGAACCACGGCATGTTGGG
TGACTTCAACAGCGACACCCA
CACCCTGTTGCTGTAGCCAAA

124
121

Colony formation assay

used for cDNA synthesis with a specific kit (Promega,
United States). Real-time PCR was performed with
SYBR Green Ⅰ (Applied Biosystems, United States) on
ABI 7300 (Applied Biosystems). The primers used are
described in Table 1.

HCC cells infected with lentivirus for 3 d were seeded
2
in 6-well plates at a density of 4 × 10 cells /well.
Three replicate wells were set up for each group,
and cultured continuously for 14 d. Then, cells were
washed twice with PBS, fixed with paraformaldehyde
for 30 min, and submitted to Giemsa staining for 20
min. Cell colonies were counted under a microscope.
Colony formation rate was derived as (colony numbers/
inoculated cell numbers) × 100%.

Immunohistochemistry

Liver tissues were fixed in 10% neutral formalin,
and paraffin embedded. After sectioning, an SP
immunohistochemistry kit (Fuzhou Maixin Biotech
Co., Ltd, China) was used for staining. Rabbit antihuman eEF1A2 polyclonal antibody (1:50, Novus
Biologicals, United States) was used for eEF1A2
detection according to the manufacturer’s instructions.
Positive cells were identified by claybank particles in
the cytoplasm. Five hundred cells were counted under
a high power lens, and positive and negative staining
considered with ≥ 10% and < 10% dyed cells,
respectively.

Cell cycle analysis

Five days after lentivirus infection, cells were washed
with PBS, and fixed with 70% ethanol (pre-cooled at
4 ℃) for 1 h. After ethanol removal, cells were loaded
with propidium iodide (PI) for 15 min in the dark,
according to the DNA ploidy detection kit (Sigma,
United States). Cell cycle distribution was analyzed
by flow cytometry on FACS Calibur (BD Biosciences,
United States) with > 10000 cells assessed for each
sample.

Western blot

BEL-7402 cells were cultured for 5 d post lentivirus
infection, and lysed with cell lysis buffer (HyclonePierce, United States) for total protein extraction. After
quantification, 50 μg protein were separated by SDSPAGE and electro-transferred onto PVDF membranes.
After blocking, the membranes were incubated with
primary antibodies, including rabbit anti-GAPDH, Akt,
p-Akt, IκB, p-IκB (Ser32), p-NF-κB p65 (ser468),
Bcl-2, MMP-9 and MMP-2 (Cell Signaling Technology,
United States), rabbit anti-eEF1A2 (Novus Biologicals),
rabbit anti-c-Myc (Santa Cruz, United States), and
rabbit anti- NF-κB p65 (eBioscience, United States).
Horseradish peroxidase (HRP)-conjugated goatanti-rabbit IgG (KPL, United States) was used as
a secondary antibody. After exposure and film
development, protein bands were scanned with a
Gel Doc gel image analyzer (Bio-Rad, United States).
Relative protein levels were determined with GAPDH
as a reference.

Evaluation of cell apoptosis

After 5 d of lentivirus infection, HCC cells were washed
with PBS, and assessed for apoptosis using the
Annexin V-APC apoptosis detection kit (eBioscience)
according to the manufacturer’s instructions. Flow
cytometry was carried out on FACS Calibur (BD Bio
sciences).

Cell migration and invasion assays

Transwell chambers for cell migration assessment were
purchased from Corning (United States). Those used
for cell invasion assays were from BD Biosciences, with
Matrigel on the filter membrane. The chambers were
6
placed in 24-well plates, and 1 × 10 cells added to
the upper chambers in 200 μL of serum free DMEM;
meanwhile, 500 μL of complete medium were added to
the bottom chambers. Incubation was carried out for
24 h at 37 ℃ with 5% CO2. Then, the culture medium
in the upper chamber as well as cells on the filter
membrane (invasion assay) were removed. The cells
that had passed through the filter membrane were
submitted to Giemsa staining for 30 min and dissolved
in 180 μL of 10% acetic acid. 100 μL of the resulting
solution were used for absorbance measurements
at 570 nm on an American stat Fax-2100 microplate
reader. Finally, cell migration and invasion rates were
calculated, respectively.

MTT assay and cell proliferation curve

HCC cells infected with lentivirus for 3 d were seeded
3
in 96-well plates at a density of 2 × 10 cells/well in
100 μL culture medium. Three replicates were set up
for each group. After lentiviral infection of BEL-7402
cells followed by 1-5 d of culture, 10 μL of 5 mg/mL
MTT (Sigma) were added into wells, and further
incubated for 4 h at 37 ℃ . Then, culture medium

WJG|www.wjgnet.com

4229

April 28, 2016|Volume 22|Issue 16|

Qiu FN et al . eEF1A2 knockdown inhibits hepatocarcinogenesis

B

2500
2000
1500
1000
500

b

0

2500

Relative eF1A2 mRNA
expression level

Relative eF1A2 mRNA
expression level

A

b, d

2000
1500
1000
500
b

0
Normal
liver

Matched
liver

Normal
liver

HCC

SK-HEP-1

HepG2

BEL-7402

C

Normal liver

Matched liver

HCC

Figure 1 Relative eEF1A2 mRNA expression levels in hepatocellular carcinoma tissue samples and cells. GAPDH was used as an internal control. Expression
data were obtained as 2-ΔΔCT or -ΔΔCT relative to normal liver tissue values. A: Relative eEF1A2 mRNA expression levels in HCC tissue samples analyzed by the
-ΔΔCT method. Normal liver tissue specimens (n = 20); matched liver tissue samples (n = 62); HCC tissue specimens (n = 62); B: Relative eEF1A2 mRNA expression
levels in SK-HEP-1, HepG2 and BEL-7402 cells analyzed by 2-ΔΔCT method (n = 3); C: eEF1A2 protein levels in matched liver tissue and HCC tissue specimens
from a HCC patient, and normal liver tissue samples were analyzed by immunohistochemistry (SP × 200). Data are mean ± SD. bP < 0.01 vs Normal liver tissue and
Matched liver tissue samples. dP < 0.01 vs SK-HEP-1 and HepG2.

HCC, we assessed eEF1A2 expression levels in 62
HCC and paired pericarcinomatous tissue samples, 20
normal liver tissue specimens, and HCC cell lines. We
found that median eEF1A2 mRNA levels in HCC tissue
samples [35.27 (2.45-166.15)] were significantly
higher compared with paired pericarcinomatous
specimens [1.34 (0.78-1.68)] and normal liver tissue
samples [1.22 (0.72-1.63)] (P < 0.01; Figure 1A).
Besides, the HCC cell lines HepG2 and BEL-7402, but
not SK-HEP-1, showed higher eEF1A2 mRNA levels
compared with normal liver tissues (Figure 1B).
Furthermore, immunohistochemistry data revealed
that eEF1A2 was mainly expressed in the cytoplasm.
Importantly, 47 HCC tissues showed positive eEF1A2
expression (a positive rate of 75.8%), while only 8.1%
of paired pericarcinomatous tissue samples stained for
eEF1A2 (47/62) (Table 2). No eEF1A2 positive sample
was found in normal liver tissues (Table 2). Accordingly,
eEF1A2 protein levels in HCC were significantly higher
than values obtained for paired pericarcinomatous and
normal liver tissues (P < 0.01) (Figure 1C).

Table 2 eEF1A2 expression in hepatocellular carcinoma,
paired pericarcinomatous and normal liver tissue samples

HCC
Paired pericarcinomatous
Normal liver

eEF1A2 positive
tissue/total tissue

Positive rate

47/62
5/62
0/20

75.8%
8.1%
0%

eEF1A2: Eukaryotic elongation factor 1 alpha 2; HCC: Hepatocellular
carcinoma.

Statistical analysis

Data are mean ± SD of at least three replicates.
Student’s t-test was used to compare continuous
measurement data with a normal distribution between
two groups. One way analysis of variance (ANOVA)
was employed while comparing three groups. MannWhitney U test was used to evaluate continuous
2
data with a non-normal distribution; χ test was
used to compare positive rates. Statistical analyses
were performed with the SPSS13.0 software (SPSS,
United States). P < 0.05 was considered statistically
significant.

Lentiviral silencing of eEF1A2 expression in BEL-7402
cells

BEL-7402 cells were selected for subsequent studies
for its higher eEF1A2 expression compared with
the other cell lines (Figure 1B). BEL-7402 cells were
infected with lentivirus expressing eEF1A2-shRNA
for 5 d. Then, eEF1A2 mRNA levels were decreased

RESULTS
eEF1A2 is highly expressed in HCC liver cancer tissues
and HCC cell lines

To determine the relationship between eEF1A2 and
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Figure 2 Effect of eEF1A2-shRNA on eEF1A2 expression in BEL-7402 cells (n = 3). GAPDH was used as an internal control. A: Relative expression of eEF1A2
mRNA; B: eEF1A2 protein levels as detected by the Western blot method (upper, Western blot; lower, quantification of Western blot normalized by GADPH). Data are
mean ± SD (n = 3). bP < 0.01 vs NC and CON. CON: Blank control group not infected; NC: Negative control group infected with GV115-LV; KD: eEF1A2 RNAi group
infected with GV115-eEF1A2-shRNA-LV.

by 84.10 ± 3.32% in the KD group compared with
the NC group (P < 0.01) as shown in Figure 2A. In
agreement, eEF1A2 protein amounts in the KD group
were reduced by 64.47% ± 7.07% compared with the
values obtained for the NC group (P < 0.01) (Figure
2B). There were no differences between the NC and
CON groups in eEF1A2 mRNA or protein levels (Figure
2A and B).

higher rate than that of the NC group (49.28% ±
1.29%, P < 0.05); consequently, S phase rates were
significantly decreased in the KD group compared with
the NC group (P < 0.01) (Figure 4A and B).

eEF1A2 knockdown enhances BEL-7402 cell apoptosis

Another effective way to inhibit tumor progression is
to promote apoptosis. In an Annexin V-APC assay, we
showed that after lentivirus infection, BEL-7402 cells in
the KD group showed a high apoptosis rate (6.09% ±
0.40%), significantly increased compared with those of
the NC (3.24% ± 0.39%) and CON (3.12% ± 0.25%)
groups (P < 0.01) as shown in Figure 5.

eEF1A2 knockdown significantly reduces BEL-7402 cell
proliferation

The accelerated proliferation of tumor cells is a crucial
mechanism in tumor deterioration. MTT results showed
that BEL-7402 cells of the NC and CON groups began
to proliferate at 2 d of culture, entering into logphase at 3 d, with a normal growth curve. In contrast,
cell proliferation in the KD group was remarkably
suppressed, with significantly lower proliferation
obtained at 4 and 5 d compared with the NC group
(P < 0.01): inhibition rates of 34.36% ± 4.65% and
39.44% ± 3.94% were obtained, respectively (Figure
3A). These results were further confirmed by the
colony formation assay; compared with the NC group,
the KD group showed an overtly declined colony
formation rate of 6.70% ± 6.08% (P < 0.01) (Figure
3B and C).

eEF1A2 silencing decreases migration and invasion
abilities in BEL-7402 cells

Migration and invasion are important strategies in
tumor worsening, and their inhibition effectively
prevents tumor progression. Transwell assays
demonstrated that the migration rate of BEL-7402
cells in the KD group (1.76 ± 0.22) was much lower
compared with the NC group (5.62 ± 0.31) (Figure
6A and B). Similarly, BEL-7402 cells in the KD group
showed a significantly decreased invasion rate (2.26 ±
0.27) compared with the NC group (7.06 ± 0.50, P <
0.01) (Figure 6C and D).

eEF1A2 knockdown blocks cell cycle progression in
BEL-7402 cells

eEF1A2 knockdown inhibits PI3K/Akt/NF-κB signaling

To further explore the molecular mechanism underlying
the eEF1A2 effect in BEL-7402 cells, activation of the
PI3K/AKT/NF-κB signaling pathway was assessed.
As shown in Figure 7A and B, eEF1A2 knockdown
significantly suppressed p-Akt, p-IκB (Ser32), p-NFκB (P < 0.01) and NF-κB (P < 0.05) protein levels in
BEL-7402 cells. In addition, c-Myc, MMP-2 (P < 0.01),

To determine the cause of decreased cell proliferation
in eEF1A2 deprived BEL-7402 cells, the effect of
eEF1A2 knockdown on cell cycle progression was
analyzed by flow cytometry. DNA ploidy detection
indicated that after lentivirus infection, BEL-7402 cells
showed 60.13% ± 2.16% of G0/G1 cells, a much
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Figure 3 Effect of eEF1A2-shRNA on BEL-7402 cell proliferation. A: Effect of eEF1A2-shRNA on BEL-7402 cell colony formation; B: Colony formation as detected
by the Giemsa staining method (× 100); C: Colony formation rates of Bel-7402 cells. Data are mean ± SD (n = 3). bP < 0.01 vs NC and CON.
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Overexpression of eEF1A2 promotes cell proliferation,
cell cycle, migration and invasion in SK-HEP-1 cells

Bcl-2 and MMP-9 (P < 0.05) as downstream target
genes regulated by NF-κB, were downregulated in the
KD group compared with the NC group (Figure 7C and D).
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Figure 5 Effect of eEF1A2-shRNA on BEL-7402 apoptosis. A: Flow-cytograms after Annexin V-APC staining; B: Apoptotic rates of Bel-7402 cells. Data are mean ±
SD (n = 3). bP < 0.01 vs NC and CON.

invasion of HCC cells, we established SK-HEP-1 cell
lines that overexpressed eEF1A2 using lentivirusbased overexpression eEF1A2 system. The levels
of ectopic eEF1A2 mRNA and protein expression
were considerably higher than those of endogenous
eEF1A2 in the negative lentiviurs control (NC) and
blank control cells (CON) as determined by qRT–
PCR and Western blot (Figure 8A and B). Increased
proliferation properties of the eEF1A2-expressing
cells were observed by MTT assay (Figure 8C). Cell
cycle progression was analyzed by flow cytometry.
DNA ploidy detection indicated that overexpression
of eEF1A2 induced lower G0/G1 and higher S and
G2/M rates (Figure 8D and E). Transwell assays
demonstrated that overexpression of eEF1A2 sig
nificantly increased the migration and invasion rates of
SK-HEP cells (Figure 8F and G).

eEF1A2 is a multifunctional protein and potential
[3]
oncogene. Anand et al first proposed a possible
role for eEF1A2 in the development of ovarian cancer.
Besides ovarian cancer, the abnormally high expression
of eEF1A2 has been described in breast, prostate,
[4-7]
lung and gastrointestinal cancers . The high eEF1A2
expression in malignant liver tumors has aroused
[15-17]
increasing attention recently
. In the present work,
we also found exceptionally high eEF1A2 expression in
HCC cancer, which showed a positive rate of 75.8% as
determined by immunohistochemistry. Taken together,
these findings indicate a relationship between high
eEF1A2 expression and HCC occurrence.
Due to the high eEF1A2 levels in the BEL-7402 cell
line, the latter was selected for lentivirus-mediated
knockdown of eEF1A2. As shown above, eEF1A2
silencing in BEL-7402 cells significantly inhibited cell
proliferation, induced apoptosis, and caused cell
cycle arrest in the G0/G1 phase. In addition, eEF1A2
suppression efficiently inhibited BEL-7402 migration and
invasion. Inversely, overexpression of eEF1A2 in SKHEP-1 cells increased cell proliferation, and promoted
migration and invasion. These results was consistent
with the role of eEF1A2 in pancreatic cancer, which
indicated that overexpression of eEF1A2 promoted cell
[20]
growth, survival, and invasion in pancreatic cancer .
These findings indicate a carcinogenic role for eEF1A2
in HCC, and its abnormally high expression is tightly
related to proliferation, apoptosis, invasion and
migration in HCC cells.

DISCUSSION
eEF1A2 has an important role in carcinogenesis
and tumour metastasis; however, the mechanism
underlying its activity remains unclear. In the present
work, we indicated that eEF1A2, highly expressed in
HCC, is a potential oncogene. Its silencing significantly
suppresses cell proliferation, promotes apoptosis,
and decreases migration and invasion rates in HCC
cells, likely by inhibiting the PI3K/Akt/NF-κB signaling
pathway. These findings indicate that eEF1A2 is a
potential novel therapeutic target for HCC.
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Figure 6 Effect of eEF1A2-shRNA on BEL-7402 cell migration and metastasis. A: Cell migration as detected by the Giemsa staining method; B: Quantitation of A.
Data are mean ± SD (n = 3). bP < 0.01 vs NC and CON; C: Cell invasion and metastasis as assessed by the Giemsa staining method; D: Quantitation of C. Data are
mean ± SD (n = 3). bP < 0.01 vs NC and CON.

eEF1A2 promotes phosphorylation of tyrosine
[8]
residues , and PI3K/Akt is an important pathway
activated downstream of tyrosine phosphorylation.
Constitutive activation of PI3K/Akt leads to decreased
apoptosis and/or accelerated cell cycle, which result in
[21]
cell malignancy . Indeed, genesis and development
of multiple malignant tumors are closely related to
abnormal activation of the PI3K/Akt signaling pathway.
Akt, a major regulator of PI3K/Akt signaling, is activated
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upon phosphorylation. Recent findings have revealed
[22]
an Akt-specific binding site in eEF1A2 , which is
involved in the regulation of Akt phosphorylation and
[11,13]
activity
. As shown above, eEF1A2 knockdown
significantly inhibited Akt activity, indicating the ability
of eEF1A2 to efficiently regulate Akt phosphorylation in
HCC cells. As an important downstream target of Akt,
NF-κB exerts its role by transmitting and amplifying
Akt signal, which makes the PI3K/Akt/NF-κB signaling
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pathway a critical target for anti-malignant tumor
[19]
treatment . As a transcription factor, NF-κB usually
forms the IκB/NF-κB complex under normal conditions,
where its transcriptional activity is suppressed. Activated
Akt separates and activates NF-κB from the IκB/NF-κB
complex by phosphorylating IκB. On the other hand,
by directly phosphorylating Ser529 and Ser536 sites
on NF-κB already interacting with the related binding
sites, Akt promotes its transcriptional activity. Upon
activation, NF-κB regulates the expression of multiple
genes involved in cell proliferation, apoptosis, invasion
[19]
and migration, thus augmenting cell malignancy .
We demonstrated that eEF1A2 silencing inhibits IκB
and NF-κB phosphorylation. These findings indicate
the inhibitory impact of eEF1A2 knockdown on NFκB transcriptional activity, which likely translates
into altered NF-κB-mediated effects on proliferation,
apoptosis, invasion and migration in tumor cells.
Moreover, with NF-κB-binding sites in their gene
[23]
sequences, the oncoprotein c-Myc , the anti-apoptosis
[24]
[25]
[26]
and MMP-2
are considered
factor Bcl-2 , MMP-9
important targets downstream of NF-κB. As shown
above, c-Myc, Bcl-2, MMP-9 and MMP-2 expression
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levels were significantly reduced in eEF1A2-deficient
cells. These findings indicate that eEF1A2 affects HCC
proliferation, migration, invasion and apoptosis likely
by regulating the PI3K/Akt/NF-κB signaling pathway.
Further studies are needed to unveil the mechanisms
underlying the regulatory activity of eEF1A2 on PI3K/
Akt/NF-κB signaling.
In conclusion, we propose a potential carcinogenic
role of eEF1A2 in HCC cells. Indeed, eEF1A2 is
involved in cell proliferation, apoptosis, migration and
invasion during HCC carcinogenesis and development
via regulation of PI3K/Akt/NF-κB signaling. Further
studies are warranted to determine whether other
signaling pathways play a role in eEF1A2-mediated
carcinogenesis. Overall, our findings indicate eEF1A2
as a novel diagnostic marker and therapeutic target in
HCC.
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Terminology

carcinogenic potential due to its diverse functions. However, the role of eEF1A2
in hepatocellular carcinoma (HCC) remains largely unknown.

The human eukaryotic elongation factor 1 alpha 2 (eEF1A2) gene is located on
chromosome 20q13.3.

Research frontiers

Peer-review

High eEF1A2 levels induce filopodia generation in breast cancer cells,
enhancing their malignancy, at least in part by modulating the Akt signaling
pathway.

In this study, the authors found significantly higher eEF1A2 mRNA and
protein levels in HCC cancer tissue samples compared with paired control
specimens. In accordance, they demonstrated that eEF1A2 knockdown
resulted in decreased HCC malignancy, with PI3K/Akt/NF-κB signaling
markedly repressed. Meanwhile, eEF1A2 overexpression resulted in increased
malignancy potential of HCC cells. These data reveal eEF1A2 as a potential
oncogene, which likely acts through PI3K/Akt/NF-κB signaling.

Innovations and breakthroughs

eEF1A2 overexpression resulted in promoted hepatocellular carcinoma cell
proliferation, migration and invasion. Conversely, its silencing resulted in opposite
effects, with decreased activity of the PI3K/Akt/NF-κB signaling pathway.

Applications
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Abstract

Institutional review board statement: The study was
reviewed and approved by the Institutional Review Board of
National Liver Institute, Menofiya University (Egypt).

AIM: To evaluate transient elastography (TE) as a
noninvasive tool in staging liver fibrosis compared with
liver biopsy and morphometry in children with different
chronic liver diseases.

Informed consent statement: All the legal guardians of the
study participants provided informed written consent prior to
study enrollment.

METHODS: A total of 90 children [50 with chronic
hepatitis C virus (HCV), 20 with autoimmune hepatitis
(AIH) and 20 with Wilson disease] were included in the
study and underwent liver stiffness measurement (LSM)
using TE. Liver biopsies were evaluated for fibrosis,
qualitatively, by Ishak score and quantitatively by
fibrosis area fraction (FAF) using digital image analysis
(morphometry). LSM was correlated with fibrosis and
other studied variables using spearman correlation.
A stepwise multiple regression analysis was also

Conflict-of-interest statement: There are no conflicts of interest
to report.
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
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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performed to examine independent factors associated
with LSM. Different cut-off values of LSM were calculated
for predicting individual fibrosis stages using receiveroperating characteristic curve. Cut-off values with
optimal clinical performance (optimal sensitivity and
specificity simultaneously) were selected.

22(16): 4238-4249 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i16/4238.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i16.4238

INTRODUCTION

RESULTS: The majority of HCV group had minimal
activity (80%) and no/mild fibrosis (72%). On the other
hand, the majority of AIH group had mild to moderate
activity (70%) and moderate to severe fibrosis (95%)
and all Wilson disease group had mild to moderate
activity (100%) and moderate to severe fibrosis (100%).
LSM correlated significantly with both FAF and Ishak
scores and the correlation appeared better with the
latter (r = 0.839 vs 0.879, P < 0.0001 for both). LSM
discriminated individual stages of fibrosis with high
performance. Sensitivity ranged from 81.4% to 100%
and specificity ranged from 75.0% to 97.2%. When we
compared LSM values for the same stage of fibrosis,
they varied according to the different etiologies. Higher
values were in AIH (16.15 ± 7.23 kPa) compared to
Wilson disease (8.30 ± 0.84 kPa) and HCV groups (7.43
± 1.73 kPa). Multiple regression analysis revealed that
Ishak fibrosis stage was the only independent variable
associated with higher LSM (P < 0.0001).

Severity of liver fibrosis and its progression are the
most important factors for the treatment policy and its
outcome in children with chronic liver disease. Those
with more advanced stages of fibrosis are more likely
[1]
to develop cirrhosis . Evidence of significant fibrosis
is an indication to commence treatment in certain
[2]
conditions, such as chronic hepatitis C . Evaluation
of treatment efficacy and fibrosis regression in
[3]
[4]
autoimmune hepatitis (AIH) and Wilson disease is
also important. In those with cirrhosis, surveillance for
[5]
gastroesophageal varices is of utmost importance .
Liver biopsy has been considered the gold standard
for evaluating fibrosis. However, it is limited by the
need for hospital admission and sedation in children.
The accuracy of liver histology assessment has been
challenged because of sampling error (1/50000 of the
liver is sampled with needle biopsy) and up to 30% of
cirrhotic cases might be missed, especially when the
[6]
liver specimens are small or fragmented , in addition
[7,8]
to serious risks including bleeding .
Development of reliable and accurate noninvasive
methods for determining fibrosis stage is important
across all chronic liver diseases of childhood. Several
noninvasive methods have achieved acceptance in adults
during the past decade. Biochemical, hematological
and serological markers were derived, including the
[9]
aspartate transaminase-to-platelet ratio index (APRI) ,
[10]
[11]
[12]
the Forns index , the fibrotest , the hepascore ,
[13]
and the Egy-Score . However, most of these fibrosis
markers have been evaluated only in chronic hepatitis
C virus (HCV) infected patients.
Serum markers often discriminate higher stages of
fibrosis, but do not discriminate adequately between
[14-16]
earlier stages of fibrosis
. Identifying early stages
of liver fibrosis is essential to initiate therapy and to
prevent disease progression. An efficient tool allowing
the detection of a slight variation in liver fibrosis would
[17]
be essential for antifibrotic trials .
During the past few years, liver stiffness mea
surement (LSM) by the use of transient elastography
(TE) has become increasingly accepted as a non
[18]
invasive marker of liver disease . The accuracy of
TE has been shown to be excellent in a large number
[18-21]
of adult studies
. A few studies have also been
[22-26]
performed in children
.
The narrow step changes between categorical Ishak
or Metavir fibrosis stages are defined by qualitative
criteria, which may not closely reflect quantitative
fibrosis changes. Digital image analysis (morphometry)
allows quantitative assessment of fibrosis area fraction
(FAF) on picrosirius red stained liver tissue sections.

CONCLUSION: TE appears reliable in distinguishing
different stages of liver fibrosis in children. However, its
values vary according to the disease type. For that, a
disease-specific estimation of cut-off values for fibrosis
staging is worthy.
Key words: Autoimmune hepatitis; Chronic hepatitis C;
Liver fibrosis; Liver stiffness; Morphometry; Pediatrics;
Transient elastography; Wilson disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Noninvasive prediction of liver fibrosis is a
challenging issue especially in pediatric population.
Liver stiffness, as assessed by transient elastography,
was reported to be associated with liver fibrosis
and therefore proposed as a candidate for fibrosis
prediction. The accuracy of transient elastography
has been shown to be excellent in a large number of
adult studies, most of which are concerned with viral
hepatitis. A few studies have also been performed in
children. In addition to viral etiology, the current study
is concerned with noninvasive assessment of fibrosis
in other etiologies of pediatric chronic liver diseases.
We compared the liver stiffness measurements with
both the Ishak fibrosis score and the quantitative
assessment of fibrosis using morphometry.
Behairy BE, Sira MM, Zalata KR, Salama EE, Abd-Allah
MA. Transient elastography compared to liver biopsy and
morphometry for predicting fibrosis in pediatric chronic liver
disease: Does etiology matter? World J Gastroenterol 2016;
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It provides more objective data and detecting smaller
changes between biopsies particularly in patients with
[27-29]
early stages of fibrosis
.
We aimed to study the value of transient elas
tography as a noninvasive tool in staging liver fibrosis
compared with liver biopsy and morphometry in
children with different chronic liver diseases.

kidney microsomal antibody- 1 (LKM1), and anti
mitochondrial antibody (AMA) were tested by indirect
TM
immunofluorescence technique using a Fluoro-Kit
Combo Pak (All from DiaSorin, Stillwater, Minnesota,
United States). Protein electrophoresis was performed
using Titan III Cellulose Acetate Plate and scanned
using Helena QuickScan 2000 (both from Helena labo
ratories, Beaumont, Texas, United States). Twentyfour hours urinary copper was determined by spectro
[4]
photometry (Biosystems, BTS-310) .

MATERIALS AND METHODS
Study population

Serum viral markers and ultrasonography

This prospective cross-sectional study included a
total of 90 children with three different etiologies of
chronic liver disease (50 with chronic HCV infection,
20 with AIH, and 20 with Wilson disease). Patients
were recruited consecutively from the Pediatric
Hepatology department, National Liver Institute,
Menofiya University and Pediatric Hepatology and
Gastroenterology Unit, Mansoura University Children
Hospital, Egypt in the period between 2012 and
2014. Those with systemic diseases such as cardiac,
pulmonary or renal diseases were excluded from the
study. Patients with ascites or decompensated liver
disease or those with body mass index more than
28 were also excluded. A signed informed consent
was obtained from the parents of the patients before
enrollment in the study. The study was approved
by the Research Ethics Committee of National Liver
Institute, Menofiya University, Egypt.

Hepatitis B surface antigen (HBsAg), anti-hepatitis B
core immunoglobulin (Ig)M and IgG types were tested
by enzyme linked immunosorbent assay (ELISA) kit
(All from Sorin Biomedica Co, Spain). Anti-HCV Ab was
th
tested by 4 generation ELISA (Innogenetics, GhentBelgium). Real-time polymerase chain reaction for
®
HCV-RNA was performed using COBAS Ampliprep/
®
®
COBAS TaqMan , Roche Molecular Systems, Inc.,
Branchburg, NJ, 08876 United States. Ultrasonography
was performed by using 2-5-MHz curved linear and
4-8-MHz linear transducers (Xario XG; Toshiba, Tokyo,
Japan).

Transient elastography

TE was performed by a single operator who was
unaware of the fibrosis stage or blood biomarkers
results. TE was performed using the standard M probe
using the right lobe of the liver through the intercostal
space. Liver stiffness was measured through a device
called FibroScan which is composed of an ultrasound
transducer probe 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 acquisition is used to follow the
propagation of the shear wave and to measure its
velocity in kilopascals (kPa), which is directly related
to tissue stiffness: the stiffer the tissue, the faster the
[34]
shear wave propagates . Ten successful acquisitions
were performed on each patient. The success rate was
calculated as the ratio of the number of successful
acquisitions over the total number of acquisitions.
The median value was kept as representative of the
liver elastic modulus. The LSM was considered reliable
only if 10 successful acquisitions were obtained,
with interquartile range ≤ 30% of liver stiffness and
success rate > 60%. A 10-mm diameter core of tissue
was measured in depth between 25 mm and 65 mm.
The liver stiffness was expressed in kPa. A higher kPa
reflects a stiffer liver and more severe liver fibrosis.

Etiological diagnosis and group allocation

After complete history taking, thorough clinical
examination and routine investigations, diagnosis
of chronic hepatitis C was based on the presence
of serum anti-HCV antibody (Ab) and persistently
[30,31]
positive HCV-RNA for six months or more
,
negative hepatitis B viral markers and absence of
any associated liver disease; supported by the his
topathological feature of HCV infection in liver biopsy.
AIH was defined according to the simplified AIH
[32]
score . Wilson disease was diagnosed by clinical and
laboratory evidence of chronic hepatitis, the presence
of low plasma ceruloplasmin level in some patients,
significant urinary copper excretion with penicillamine
challenge test, positive Kayser-Flischer ring by slit
lamp examination, positive staining for copper in liver
biopsy with absent evidence for any other associated
liver disease. Severity of liver disease was assessed
by the pediatric end-stage liver disease (PELD) score
or the model for end-stage liver disease (MELD) score
[33]
according to the age of the patient .

Serum autoantibodies, protein electrophoresis and
urinary copper excretion

Liver biopsy and histopathological evaluation

All patients were tested for serum autoantibodies and
gammaglobulins at presentation. Antinuclear antibody
(ANA), anti-smooth muscle antibody (ASMA), liver
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Liver biopsy was performed by percutaneous ultra
sonography-guided Tru-Cut needle 14 G using local
anesthesia and sedation. A core of at least 1.5
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cm length or encompassing five portal areas was
considered suitable for interpretation. Specimens were
fixed in formalin, embedded in paraffin and stained
with hematoxylin and eosin, Masson’s trichrome,
reticulin, Perl’s stains, Prussian blue and picrosirius red
(for collagen). Hepatic necroinflammatory activity and
liver fibrosis were evaluated according to Ishak score.
Necroinflammatory activity was classified into minimal
(score A1-A3), mild (score A4-A8), moderate (score
[35]
A9-A12), and severe (score A13-A18) . Fibrosis was
classified into mild (F1), moderate (F2-F3), and severe
[36]
fibrosis or cirrhosis (F4-F6) .

20 children with AIH (18 patients were type-1 AIH and
2 patients were seronegative AIH), and 20 children with
Wilson disease. None of the HCV group had jaundice,
hepatomegaly or splenomegaly and their liver enzymes
were significantly lower compared to the other studied
groups (P < 0.0001 for all) (Table 1). The majority of
HCV group had minimal activity (80%) and no/mild
fibrosis (72%). On the other hand, the majority of
AIH group had mild to moderate activity (70%) and
moderate to severe fibrosis (95%) and all Wilson
disease group had mild to moderate activity (100%)
and moderate to severe fibrosis (100%) (Table 1).

FAF by morphometery

Correlation of LSM with liver fibrosis in liver biopsy

The morphometric assessment of liver fibrosis was
[3]
performed as previously described using the fully
automated X-Y motorized stage Leica microscope
(Leica, Cambridge, England) and Leica image processor
with Leica Qwin software 2004. Liver biopsy assessment
by Ishak score and morphometry was performed by a
highly experienced hepatopathologist (KRZ) who was
unaware of the clinical data or the final diagnosis of the
patients. Assessment of liver fibrosis was performed
within a week from serological tests.

LSM correlated significantly with both FAF and Ishak
fibrosis scores and the correlation appeared better with
the latter (Figure 1). The mean value of LSM increases
successively with higher stages of fibrosis. Comparing
the individual fibrosis stages in all the patients, a
significant increase in LSM was found except between
F0 and F1 and between F5 and F6 (Figure 2A).
Comparing LSM of each fibrosis stage within different
etiological groups revealed higher LSM with higher
fibrosis stages (Figure 2B-D). Comparing FAF in
different Ishak fibrosis stages revealed a significant
difference between individual stages except between
F4 and F5 (P = 0.376) (Figure 3).

Statistical analysis

Values were expressed as mean ± SD or number
(percentage) of individuals with a condition. For
quantitative data, statistical significance was tested
by either independent samples t-test or by the nonparametric Mann-Whitney U test according to the
nature of the data. For qualitative data, significance
2
was tested by χ test or Fisher’s exact test. Correlation
was tested by Spearman test. A stepwise multiple
regression analysis was also performed to examine
independent factors associated with LSM. The final
model was determined using Pin < 0.05 and Pout <
2
0.10. Standardized coefficient (β), R squared (R ) and
P values of the independent variables are presented.
The diagnostic value of liver stiffness was assessed
by calculating the area under the receiver-operating
characteristic (AUROC) curves. The diagnostic per
formance was measured as sensitivity, specificity,
positive predictive value and negative predictive value.
The cut-off values for optimal clinical performance
(optimal sensitivity and specificity simultaneously)
were determined from the ROC curves (The upper
most left point). Results were considered significant if
P-value was < 0.05. Statistical analysis was performed
using SPSS, version 13 (SPSS Inc, Chicago, IL, United
States).

Performance of transient elastography in predicting
individual fibrosis stages

LSM was a good discriminator of any fibrosis (≥ F1)
from absent fibrosis (F0) (P = 0.039); of fibrosis ≥ F2
from < F2 (P < 0.0001); of fibrosis ≥ F3 from < F3 (P
< 0.0001); of fibrosis ≥ F4 from < F4 (P < 0.0001), of
fibrosis ≥ F5 from < F5 (P < 0.0001) and cirrhosis (F6)
from < F6 (P < 0.0001) (Table 2). The performance
of LSM in the etiological subgroups was calculated
as the AUROC and its P-value, but the number of
patients in each fibrosis category was too small to
calculate sensitivity and specificity (Table 3). When we
compared LSM values for the same stage of fibrosis,
they varied according to the different etiologies with
higher values in AIH (16.15 ± 7.23 kPa) compared to
Wilson disease (8.30 ± 0.84 kPa) and HCV groups (7.43
± 1.73 kPa) (Table 4).

Correlation of LSM with the studied variables

LSM correlated significantly with age, serum bilirubin,
hepatocellular enzymes, prothrombin time, activity
grade and fibrosis stage in liver biopsy; P = 0.011 for
age, P = 0.013 for alkaline phosphatase, P = 0.002 for
prothrombin time and P < 0.0001 for the remaining
studied parameters (Table 5). Subsequently, stepwise
multiple regression analysis was performed. As a
result, Ishak fibrosis stage was the only independent
2
variable associated with higher LSM (β = 0.855; R =
0.731). Other variables were excluded from the model.

RESULTS
Study population characteristics

A total of 90 children were recruited to the study
between 2012 and 2014; 50 children with chronic HCV,
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Table 1 Basic clinical characteristics of the studied groups
Parameter
Age (yr)
Sex [male, n (%)]
Jaundice, n (%)
Abdominal enlargement, n (%)
Liver US, n (%)
Normal
Enlarged
Shrunken
Splenomegaly US, n (%)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Albumin (g/dL)
Aspartate transaminase (U/L)
Alanine transaminase (U/L)
Gamma-glutamyl transpeptidase (U/L)
Alkaline phosphatase (U/L)
Prothrombin time (s)
Activity grade, n (%)
Minimal (A1-A3)
Mild (A4-A8)
Moderate (A9-A12)
Fibrosis category, n (%)
Absent (F0)
Mild (F1)
Moderate (F2-F3)
Severe (F4-F6)
Fibrosis area fraction (%)
Liver stiffness (kPa)

HCV

AIH

Wilson disease

(n = 50)

(n = 20)

(n = 20)

8.50 ± 3.51
39 (78)
0 (0)
0 (0)

8.98 ± 2.98
7 (35)
18 (90)
5 (25)

12.05 ± 4.25
13 (65)
5 (25)
15 (75)

50 (100)
0 (0)
0 (0)
0 (0)
0.97 ± 0.24
0.24 ± 0.17
4.40 ± 0.61
27.21 ± 14.75
29.52 ± 14.93
28.66 ± 13.80
127.82 ± 74.13
13.2 ± 1.1

0 (0)
20 (100)
0 (0)
16 (80)
7.70 ± 3.72
5.58 ± 3.24
3.71 ± 1.71
225.10 ± 21.7
218.65 ± 14.2
52.50 ± 19.22
122.25 ± 45.03
14.87 ± 3.13

1 (5)
13 (65)
6 (30)
20 (100)
3.37 ± 2.85
1.8 ± 1.30
3.55 ± 0.71
76.59 ± 68.43
87.05 ± 56.26
51.25 ± 37.89
222.30 ± 134.23
16.18 ± 5.31

40 (80)
8 (16)
2 (4)

6 (30)
8 (40)
6 (30)

0 (0)
18 (90)
2 (10)

4 (8)
32 (64)
14 (28)
0 (0)
2.72 ± 1.66
5.75 ±1.81

0 (0)
1 (5)
7 (35)
12 (60)
17.41 ± 9.24
22.13 ± 14.23

0 (0)
0 (0)
6 (30)
14 (70)
12.68 ± 4.59
20.05 ± 10.57

P value
0.003
0.003
< 0.0001
< 0.0001
< 0.0001

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.003
< 0.0001

< 0.0001

< 0.0001
< 0.0001

AIH: Autoimmune hepatitis; HCV: Hepatitis C virus; US: Ultrasonography.

FAF according to Ishak scores and correlation of both
with disease severity

between 10.4 and 17.6 kPa, and the AUROC for liver
[19,37-39]
cirrhosis was 0.93-0.96
.
[22]
de Lédinghen et al
reported a significant
correlation of LSM with Metavir score in children with
chronic liver disease but the performance was studied
only for discriminating cirrhosis bacause F2 and F3
values were comparable. The better results in our
study may be due to the wider range of Ishak score (7
stages) compared to Metavir score (5 stages).
The performance of LSM in discriminating individual
stages of fibrosis was highly significant (P < 0.0001)
for stages ≥ F2 with AUROC more than 0.94, and for
≥ F1 (i.e., discriminating F0) the AUROC was 0.807
and P = 0.039. The significance for discriminating F0
was abolished when comparing LSM according to the
etiology (P = 0.192). F0 was found only in patients
with chronic HCV in our study, but in none of the other
studied groups. This may be due to the milder course
of the HCV disease which induces mild changes in
the liver with a low level of fibrosis and a low rate of
[41]
progression .
The higher LSM values for different Ishak stages
in AIH patients compared to the other studied
groups in our study was in agreement with that of
[26]
[42]
Fitzpatrick et al
and others . In our study, AIH
patients had higher stages of fibrosis and higher
grades of inflammatory activity. Increased histologic
necroinflammation, which is a logical cause of

FAF varied significantly with increasing stage of Ishak
score. There was overlap in the values of FAF in F5 and
F6 with no significant statistical difference (P = 0.376)
(Figure 3). PELD/MELD scores correlated significantly
with both FAF and Ishak score, nonetheless, the
correlation with Ishak score appeared better than with
FAF (P = 0.001 and 0.022 respectively) (Figure 4).

DISCUSSION
The current study showed a significant correlation
between LSM and both the Ishak fibrosis stage and
FAF with better correlation with Ishak fibrosis stage.
The close correlation of TE readings with the extent
of fibrosis suggests that TE is an ideal tool to follow
liver fibrosis over years. In previous studies, among
patients with viral hepatitis, the diagnostic performance
of LSM was best for histologic cirrhosis and was less
[19,37-40]
satisfactory for earlier stages of liver fibrosis
.
Our results demonstrated that LSM could sig
nificantly discriminate individual stages of fibrosis
even the earlier stages (≥ F1) from absent fibrosis
(F0). Different LSM cut-off values have been proposed
by different investigators for various stages of liver
fibrosis. The optimal LSM cut-off for cohorts with
predominantly chronic hepatitis C patients was
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Figure 1 Correlation of LSM with fibrosis category by Ishak scores (left panel) and fibrosis area fraction (right panel). A and B: All patients; C and D: HCV
patients; E and F: AIH patients; G and H: Wilson disease patients.
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group. Box-and-whiskers plot for liver stiffness measurement. The top and bottom of each box are the 75th and 25th percentiles. The line through the box is the median
and the error bars are the maximum and minimum. The horizontal bar represents the significance between the designated groups.
P = 0.013

40

for the higher LSM was a stiffer liver during active
[1]
inflammation .
When we compared LSM for the same stage of
fibrosis, it varied according to the etiology. This carries
the possibility that, patients only having mild fibrosis
would be misdiagnosed as moderate to severe fibrosis
and even cirrhosis if they had increase histological
activity. That is why it is better to estimate diseasespecific cut-off values for predicting different stages
of fibrosis due to the variable nature of liver diseases.
For that, we checked the performance of LSM in the
etiological subgroups which showed wide variability
among the calculated AUROC and their P-values, but
the number of patients in each fibrosis category was
too small to calculate sensitivity and specificity. Similar
to our results, other reports found that LSM was
[3,43]
[44,45]
associated with the Ishak score in AIH
, in HCV
[46]
and in Wilson disease patients .
The better correlation of the LSM in our study
with Ishak scores compared to FAF suggests that
LSM reflect the pattern (or quality) of fibrosis better
than the quantity of hepatic collagen deposition. Liver
diseases involve several types of cell injury, each of
which leads to wound healing by fibrosis of distinct
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Figure 3 Distribution of fibrosis area fraction according to the categorical
fibrosis scores. Box-and-whiskers plot for liver stiffness measurement. The
top and bottom of each box are the 75th and 25th percentiles. The line through
the box is the median and the error bars are the maximum and minimum. The
horizontal bar represents the significance between the designated groups.

increased hepatic fibrosis, may explain the higher
results of LSM in AIH patients compared with HCV
and Wilson disease groups. One possible explanation
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Table 2 Clinical performance of liver stiffness in predicting individual Ishak fibrosis stages in all the patients
Ishak fibrosis stage
≥ F1
≥ F2
≥ F3
≥ F4
≥ F5

F6

Cut-off (kPa)

AUROC

P value

4.75
6.65
8.25
13.0
18.0
29.5

0.807
0.947
0.960
0.993
0.985
0.941

0.039
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

Sensitivity

Specificity

PPV

75.0
86.5
90.4
96.9
97.2
91.6

98.6
90.4
87.2
92.9
90.0
46.2

81.4
88.7
89.5
100
100
85.7

NPV
15.7
84.2
92.2
100
100
98.7

AUROC: Area under receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value.

Table 3 Area under receiver operating characteristic curve for liver stiffness in predicting individual Ishak fibrosis stages in the
different etiological groups
Ishak fibrosis stage
≥ F1
≥ F2
≥ F3
≥ F4
≥ F5

F6

HCV

AIH

Wilson disease

AUROC

P value

AUROC

P value

AUROC

P value

0.698
0.870
0.799
NA
NA
NA

0.192
< 0.0001
0.049
----

NA
1.000
1.000
0.958
0.927
0.828

-< 0.0001
< 0.0001
0.001
0.002
0.047

NA
NA
1.000
1.000
1.000
0.837

--< 0.0001
< 0.0001
< 0.0001
0.044

AIH: Autoimmune hepatitis; AUROC: Area under receiver operating characteristic; HCV: Hepatitis C virus.

Table 4 Liver stiffness measurement in every fibrosis stage by the disease group
Ishak fibrosis stage

F0
F1
F2
F3
F4
F5
F6

All patients

HCV

AIH

Wilson disease

(n = 90)

(n = 50)

(n = 20)

(n = 20)

kPa

kPa

kPa

kPa

5.10 ± 2.61
5.10 ± 1.45
7.32 ± 1.4
9.88 ± 4.33
18.58 ± 8.57
31.25 ± 10.38
31.71 ± 6.13

5.10 ± 2.61
5.13 ± 1.45
7.33 ± 1.32
7.43 ± 1.73
----

-3.70
7.50 ± 0.71
16.15 ± 7.23
21.43 ± 12.19
36.08 ± 16.19
32.75 ± 3.63

--6.00
8.30 ± 0.84
15.75 ± 0.96
28.49 ± 4.93
30.33 ± 9.87

AIH: Autoimmune hepatitis; HCV: Hepatitis C virus.

Wilson disease), fibrosis mainly develop from portal
myofibroblasts and give rise to a dense, stellate, and
regularly-distributed portal and periportal fibrosis that
may form septa. On the other hand, fibrosis is mainly
located in the perisinusoidal space of the centrilobular
area, and in the wall of the centrilobular vein in
[17,47,48]
alcoholic and nonalcoholic steatohepatitis
.
[49]
Sandrini et al
investigated what type of fibrosis
influences LSM. They found that the area of portalbridging fibrosis better correlated with the liver
stiffness than did the area of whole fibrosis or the area
of perisinusoidal fibrosis. In the early fibrosis stages,
there was a significant increase of perisinusoidal
fibrosis from F0 to F2 Metavir, more than that of portalbridging fibrosis. In subsequent stages F3 and F4,
[49]
the area of perisinusoidal fibrosis stabilized . Ishak
scoring system is based on the pattern and extension
of portal fibrosis, while FAF evaluates the whole
amount of collagen whether portal or perisinusoidal.

Table 5 Correlation of liver stiffness with age, laboratory,
and histopathological parameters of the studied patients
Parameter

Correlation

Age (yr)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Albumin (g/dL)
Alanine transaminase (U/L)
Aspartate transaminase (U/L)
Alkaline phosphatase (U/L)
gamma-glutamyl transpeptidase (U/L)
Prothrombin time (s)
Ishak activity grade
Ishak fibrosis stage

r

P value

0.267
0.433
0.506
-0.419
0.622
0.559
0.261
0.559
0.322
0.760
0.879

0.011
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.013
< 0.0001
0.002
< 0.0001
< 0.0001

types and location. In chronic hepatitis (seen most
often in chronic viral hepatitis, as well as in AIH,
drug reactions, and some metabolic disorders as
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Figure 4 Correlation of PELD/MELD scores of all studied patients with categorical Ishak fibrosis scores (A) and fibrosis area fraction (B). PELD: Pediatric
end-stage liver disease; MELD: Model for end-stage liver disease.

Taken together, this may explain the better correlation
of LSM with Ishak scores in our study.
In contrast to semiquantitative fibrosis scores that
rely on the pattern of architectural distortion caused
by fibrosis, morphometry determines the proportion
of collagenous tissue in a specimen, regardless of the
pattern, and provides precise measurements on a
continuous scale. Within any given semiquantitative
stage, a wide range of collagen may be present, and
considerable overlap exists within Metavir and Ishak
[45]
stages . In our study, FAF was largely overlapping
between F4 and F5 with no significant difference (P =
0.376).
Biopsy sampling error will always be present to some
extent, so it must be emphasized that morphometry is
not appropriate for evaluation of changes in individual
patients but should be reserved for statistical analysis
[45]
and comparison of changes in large cohorts .
The question whether the severity and deterioration
of liver disease is related to the pattern (quality) or
to the quantity of fibrosis remains to be answered.
The PELD/MELD scores were developed to create an
integrated system of deceased donor liver allocation
[50]
based on the severity of the chronic liver disease .
In our study, PELD/MELD scores were significantly
correlated with both Ishak score and FAF but the
correlation appeared better with Ishak scores (P
= 0.001 vs 0.022). This may suggest that the
information about the pattern (or quality) of fibrosis by
semiquantitative Ishak score is more important than
the overall amount of fibrosis by FAF in predicting the
outcome of liver disease.
In the current study, LSM at cut-off values of 4.75,
6.65, 8.25, 13.0, 18.0, and 29.5 kPa was able to
discriminate ≥ F1, ≥ F2, ≥ F3, ≥ F4, ≥ F5, and F6
[26]
respectively. Fitzpatrick et al
using Metavir score in
pediatric patients with chronic liver diseases reported
an LSM cut-off values of 6.1, 6.9, 7.5 and 14.1 kPa
in discriminating ≥ F1, ≥ F2, ≥ F3, and F4. Other
studies reported only the discrimination of cirrhosis. de
[22]
Lédinghen et al studied LSM performance in children
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with chronic liver disease. Using Metavir score, they
reported that LSM was able to discriminate cirrhosis
with AUROC of 0.88.
[1]
Wong et al reported that a cut-off value of 8.4
kPa was associated with cirrhosis in adults with chronic
liver disease at a very high sensitivity (93%) and a
specificity of 79%. On the other hand, a cut-off value
of 13.4 kPa was associated with high specificity (95%)
but with low sensitivity (41%). In addition, Wang et
[51]
al
reported that values below 6 kPa are considered
as normal and exclude ongoing liver disease, while
cut-off values of 8 and 12.5 kPa represent generally
accepted values for discriminating F3 and F4 fibrosis in
adults with chronic liver disease.
Staging of fibrosis with biopsy will always carry
a risk, albeit low, of misclassification thus making
the term ‘‘best” standard more appropriate than
[52]
‘‘gold” standard for liver biopsy . As liver biopsy
[53]
with its limitations
is used as a reference, a perfect
[52]
surrogate will never reach maximal value .
Because LSM represents a volume of liver tissue at
least 100 times bigger than a biopsy sample, a possibility
that the performance of LSM has been underestimated
can not be excluded. Yet it represents an efficient,
noninvasive rapid painless and reproducible tool for
[54]
fibrosis evaluation .
The limitation of the present study was the relatively
small numbers in each of the etiological groups. In
addition, the paucity of children with no fibrosis (F0)
made it difficult to differentiate between no and minimal
fibrosis. Future studies on larger population number
are advisable.
In conclusion, TE appears reliable in distinguishing
different stages of liver fibrosis in children with
different chronic liver diseases. Routine use of this
technique may significantly decrease the number of
biopsies performed and provide a reliable method of
noninvasive monitoring of liver disease progression
or regression in children. Patients with increased
necroinflammatory activity tend to have higher LSM
values. For that, a disease-specific estimation of cut-
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off values for fibrosis staging is worthy.
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The need for repetition of liver biopsy in patients with chronic liver disease,
especially in assessing the degree of fibrosis and follow-up of treatment
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elastography, has been proposed. The accuracy of transient elastography has
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The natural course of hepatitis C viral infection in children differs from that
in adults since the infection is relatively benign and induces mild changes in
the liver with a low level of fibrosis. Progression of liver fibrosis in other liver
diseases such as autoimmune hepatitis and Wilson disease is somehow faster.
In patients with no or minimal fibrosis at presentation, treatment could possibly
be delayed or withheld. On the other hand, patients with significant fibrosis
progress almost invariably to cirrhosis more rapidly and treatment should be
strongly considered. The decision to stop treatment in some cases, such as
autoimmune hepatitis, may necessitate a second liver biopsy.

8

9

Innovations and breakthroughs

Most of liver stiffness studies have been conducted only in chronic hepatitis
C virus infected patients. The current study includes different etiologies of
pediatric chronic liver diseases. When the authors compared liver stiffness
values for the same stage of fibrosis, they varied according to the different
etiologies. Patients with increased necroinflammatory activity tend to have
higher liver stiffness values. For that, a disease-specific estimation of cut-off
values is worthy.

10

11

Terminology

12

Hepatic fibrosis is the final common path of liver injury in most chronic liver
diseases and can lead to cirrhosis, which is responsible for the majority
of clinical complications. Fibrosis is characterized by excess deposition
of extracellular matrix components including different collagens and noncollagenous proteins. The more deposition of extracellular matrix in the liver
the stiffer it gets. Liver stiffness is directly correlated with the amount of liver
fibrosis. Digital image analysis (morphometry) allows quantitative assessment
of fibrosis area fraction in liver tissue sections regardless of the pattern (or
quality) of fibrosis. It detects smaller changes between biopsies particularly in
patients with early stage fibrosis.

13

14

Peer-review

The authors demonstrated that Ishak fibrosis stage was the only independent
variable associated with liver stiffness measurement assessed by TE. They
concluded that TE may be useful for distinguishing different stages of liver
fibrosis in pediatric patients with chronic liver diseases. Overall impression:
The authors well demonstrated usefulness of TE for assessing liver fibrosis in
pediatric patients with different chronic liver diseases.
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Abstract
AIM: To examine the predictive effects of baseline
serum bilirubin levels and UDP-glucuronosyltransferase
(UGT) 1A1*28 polymorphism on response of colorectal
cancer to irinotecan-based chemotherapy.
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METHODS: The present study was based on a
prospective multicenter longitudinal trial of Chinese
metastatic colorectal cancer (mCRC) patients treated
with irinotecan-based chemotherapy (NCT01282658).
Baseline serum bilirubin levels, including total bilirubin
(TBil) and unconjugated bilirubin (UBil), were measured,

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at yxl@
medmail.com.cn. Participants gave informed consent for data
sharing. No additional data are available.
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and genotyping of UGT1A1*28 polymorphism was
performed. Receiver operating characteristic curve (ROC)
analysis was used to determine cutoff values of TBil
and UBil. The TBil values were categorized into > 13.0
or ≤ 13.0 groups; the UBil values were categorized
into > 4.1 or ≤ 4.1 groups. Combining the cutoff
values of TBil and UBil, which was recorded as CoBil,
patients were classified into three groups. The classifier’
s performance of UGT1A1*28 and CoBil for predicting
treatment response was evaluated by ROC analysis.
Associations between response and CoBil or UGT1A1*28
polymorphism were estimated using simple and multiple
logistic regression models.

treatment response.
Yu QQ, Qiu H, Zhang MS, Hu GY, Liu B, Huang L, Liao X, Li
QX, Li ZH, Yuan XL. Predictive effects of bilirubin on response
of colorectal cancer to irinotecan-based chemotherapy. World J
Gastroenterol 2016; 22(16): 4250-4258 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i16/4250.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i16.4250

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer and a major cause of cancer related death
[1]
worldwide . More than 40% of CRC patients will
eventually develop metastases and require palliative
[2,3]
chemotherapy . Irinotecan-based therapy is one
of the most important fundamental chemotherapy
[4,5]
regimens for metastatic CRC (mCRC) . As a firstline treatment, the response rate to irinotecan-based
[6,7]
therapy is approximately 35%-55% . Patients who
do not benefit from first-line therapy will miss the best
opportunity for disease palliation or control. To date,
no prospective tool has been validated for selecting
the best therapy for an individual patient. Biomarkers
with predictive effects on therapeutic efficacy warrant
[8]
further investigations .
Circulating levels of 7-ethyl-10-hydroxycampto
thecin (SN-38), the active metabolite of irinotecan, is
[9]
associated with irinotecan-treatment efficacy . Through
the glucuronidation pathway, SN-38 is converted to an
[10]
inactive form and eliminated in the bile . UGT1A1 is the
most important enzyme that metabolizes SN-38, and it
is the only physiological enzyme that converts bilirubin
[11]
to water-soluble glucuronides . Pharmacological
studies demonstrate that glucuronidation rates of
both SN-38 and bilirubin are decreased when the
TATAA box of the gene contains an extra TA insertion
[12]
(UGT1A1*28) . Additionally, UGT1A1*28 is involved
in the pathogenesis of Gilbert syndrome (GS), which
is an inherited disorder of hepatic bilirubin metabolism
[13]
characterized by unconjugated hyperbilirubinemia .
Even in populations without GS, UGT1A1*28 has a
[14]
strong impact on serum bilirubin levels . Although
it is reported that UGT1A1*28 is linked to SN-38
glucuronidation and irinotecan-related toxicity, the
predictive role of the UGT1A1*28 polymorphism
regarding treatment outcome of irinotecan-based
[15-18]
therapy has been conflicting
.
In the current study, we investigated the association
between serum bilirubin levels, UGT1A1*28 polymor
phism and the therapeutic response in a prospective
series of patients with mCRC undergoing irinotecanbased first-line chemotherapy to determine whether
serum bilirubin levels and UGT1A1*28 polymorphism
could be predictors of therapeutic response.

RESULTS: Among the 120 mCRC patients, the serum
bilirubin level was significantly different between the
UGT1A1*28 wild-type and mutant genotypes. Patients
with the mutant genotype had an increased likelihood
of a higher TBil (P = 0.018) and a higher UBil (P =
0.014) level compared with the wild-type genotype.
Patients were stratified into three groups based on
CoBil. Group 1 was patients with TBil > 13.0 and UBil
> 4.1; Group 2 was patients with TBil ≤ 13.0 and
UBil > 4.1; and Group 3 was patients with TBil ≤
13.0 and UBil ≤ 4.1. Patients in Group 3 had more
than a 10-fold higher likelihood of having a response
in the simple (OR = 11.250; 95%CI: 2.286-55.367; P
= 0.003) and multiple (OR = 16.001; 95%CI: 2.802
-91.371; P = 0.002) analyses compared with the
Group 1 individuals. Patients carrying the UGT1A1*28
(TA)7 allele were 4-fold less likely to present with a
response compared with the individuals harboring a
homozygous (TA)6 genotype in the simple (OR = 0.267;
95%CI: 0.100-0.709; P = 0.008) and multiple (OR
= 0.244; 95%CI: 0.088-0.678; P = 0.007) analyses.
Classifier’s performance of CoBil and UGT1A1*28 were
comparable.
CONCLUSION: CoBil and UGT1A1*28 are both
independent biomarkers for predicting the treatment
response of mCRC patients to irinotecan-based chemo
therapy. After validation, CoBil, an easily determinable
index in the clinic, might be helpful in facilitating strati
fication of mCRC patients for individualized treatment
options.
Key words: Bilirubin; Irinotecan; Metastatic colorectal
cancer; Response; UGT1A1*28
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Serum bilirubin was reported to be associated
with irinotecan-induced toxicity. The current study
evaluated whether baseline bilirubin levels could predict
treatment response of metastatic colorectal cancer
patients given irinotecan-based chemotherapy in a
Chinese population and found that a lower bilirubin
level was an independent predictor of irinotecan

WJG|www.wjgnet.com

4251

April 28, 2016|Volume 22|Issue 16|

Yu QQ et al . Bilirubin is predictive of response to irinotecan therapy

Genotyping of UGT1A1*28 polymorphism

MATERIALS AND METHODS

Genomic DNA was extracted from peripheral blood
samples using the QIAGEN DNA Blood Mini Kit (Qiagen,
Valencia, CA). TA repeats in the UGT1A1 promoter
(UGT1A1*28) was genotyped by fragment sizing.
Polymerase chain reaction (PCR) was performed in a
total volume of 20 µL containing template DNA (80
ng/µL) according to the manufacturer’s instructions
(2 × Taq PCR MasterMix; Tiangen Biotech, Beijing,
China). A forward primer that was modified by adding
a 5′ fluorescent label FAM (FAM_F: 5′-GAACTCCCT
GCTACCTTT-3′) and an unlabeled reverse primer
(R: 5′-GAACTCCCTGCTACCTTT-3′) were used. The
amplification was performed with a GeneAmp PCR
system 9700 (Applied Biosystems, Foster City, CA,
United States), started with initial denaturation at
95 ℃ for 3 min, followed by 30 cycles of denaturation
at 95 ℃ for 30 s, annealing at 58 ℃ for 30 s, and
extension at 72 ℃ for 30 s. Then, the mixtures of
the PCR product (TA6, 242 bp; TA7, 244 bp) and HiDi formamide (containing the internal size standard
Genescan 500 [Applied Biosystems]) were run in the
ABI 3730 Genetic Analyzer (Applied Biosystems).
Fragment sizes were determined by comparison with
Genescan 500 using the local Southern algorithm and
analyzed by GeneMapper 3.2 (Applied Biosystems).
For quality control purposes, heterozygous and
homozygous sequenced samples were included in each
run. Genotypes were determined based on the number
of TA repeats in each allele (i.e., [TA]6/6, [TA]6/7 and
[TA]7/7). Repeat genotyping of 25% of the samples
was 100% concordant with original results.

Methods

Study design and patients: The study was based
on a prospective longitudinal Chinese clinical trial
sponsored by Huazhong University of Science and
Technology. Patients treated with irinotecan-based
therapy were consecutively recruited between
November 2010 and December 2014 from the Tongji
Hospital, Tongji Medical College, Huazhong University
of Science and Technology and 5 other cancer centers
in south-central China.
Eligibility criteria were as follows: histologically
confirmed adenocarcinoma of the colon or rectum;
unresectable metastases; age from 18 to 75 years;
measurable disease defined according to the Response
Evaluation Criteria In Solid Tumors version 1.1
[19]
(RECIST1.1) ; no prior chemotherapy for metastatic
disease (adjuvant chemotherapy except for irinotecan
was allowed); Eastern Cooperative Oncology Group
Performance Status Scale (PS) ≤ 2 or Karnofsky index
of performance status (KPS) > 60%; total bilirubin ≤
1.5 times the upper limit of normal (ULN); aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) ≤ 2.5 times ULN (≤ 5 times ULN if liver
metastases present); creatinine clearance > 50 ml/
min or serum creatinine ≤ 1.5 times ULN; and no
history of Gilbert’s syndrome.
This study was approved by the Ethical Committee
of Huazhong University of Science and Technology
under reference number NCT01282658 (registered at
http://www.clinicaltrials.gov). Written informed consent
was required, and blood samples were obtained.
In the current study, only participants recruited
from Tongji Hospital or Tongji Medical College were
included because they were provided with recorded
numerical values of baseline serum bilirubin.

Statistical analysis

Statistical analyses were performed using SPSS 16.0
statistical software (SPSS Inc., Chicago, IL, United
States). Continuous variables are presented as the
mean with SD and range and compared using twosided t-tests or Wilcoxon tests, when appropriate.
Categorical variables are expressed as the frequencies
2
and percentages and compared using Pearson’s χ test.
The cutoff values for TBil and UBil were determined
using receiver operating curve (ROC) analysis based on
optimal Youden Index. The TBil values were categorized
into two groups: > 13.0 or ≤ 13.0; and the UBil
values were categorized into two groups: > 4.1 or ≤
4.1. The parameter combining the TBil and UBil cutoff
values (CoBil) was used to further stratify patients.
Associations between the objective tumor response
and bilirubin indicators or UGT1A1*28 polymorphism
were estimated using simple and multiple logistic
regression models. Multiple logistic regression analyses
were adjusted for age, sex, KPS (≥ 80% or < 80%),
histology (glandular or others), primary tumor site (leftor right-side) and treatment regimens. The classifier’
s performance of CoBil and UGT1A1*28 was evaluated
using a ROC analysis. All tests were two-sided, and P
≤ 0.05 indicated statistical significance. The statistical

Clinical data collection

Baseline clinical information, including demographics,
KPS, tumor-related details and medical history, was
collected prior to the commencement of chemotherapy.
Total bilirubin (TBil) and conjugated bilirubin levels
were measured in the participants recruited from
Tongji Hospital. The unconjugated bilirubin (UBil) level
was calculated by subtracting the conjugated bilirubin
level from the TBil level. Reference value ranges were
3.4-20.5 µmol/L and 0.00-6.84 µmol/L for TBil and
conjugated bilirubin, respectively.
Objective tumor response was categorized using
computed tomography or magnetic resonance imaging
every 6-8 weeks according to RECIST1.1. The disease
was considered to be stable only if the duration of
stabilization was at least 2 mo. Patients who received
fewer than 3 cycles of chemotherapy were not
evaluated for tumor response, except for those with
rapid progression. Evaluations were performed blindly
with respect to biochemical markers.
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Table 1 Demographic and clinical characteristics of the
patients n (%)
Characteristics
Total
Age, yr
mean ± SD
Median (range)
Gender
Male
Female
KPS
≥ 80%
70%
60%
Primary tumor
Right-sided
Left-sided
Histology
Glandular
Mucinous
Signet-ring cell
Mixed
Unfixed
First-line chemotherapy
FOLFIRI
mXELIRI
Irinotecan
Serum total bilirubin, µmol/L
mean ± SD
Range
Serum unconjugated bilirubin, µmol/L
mean ± SD
Range
UGT1A1*28 genotype1
(TA)6/6
(TA)6/7
(TA)7/7

Table 2 Demographic and clinical characteristics between
patients with objective response and patients without objective
response n (%)

Value
Characteristics

120 (100)

No
49.6 ± 10.5
18-72

Age, yr (mean ± SD)
48.2 ± 10.9
Gender
Male
44 (62.0)
Female
34 (69.4)
KPS
≥ 80%
64 (66.7)
< 80%
14 (58.3)
Primary tumor
Right-sided
22 (66.7)
Left-sided
56 (64.4)
Histology
Glandular
55 (61.8)
Other
23 (74.2)
First-line chemotherapy
FOLFIRI
71 (65.1)
mXELIRI
4 (57.1)
Irinotecan
3 (75.0)

71 (59.2)
49 (40.8)
96 (80.0)
20 (16.7)
4 (3.3)
33 (27.5)
87 (72.5)
89 (74.2)
13 (10.8)
3 (2.5)
10 (8.3)
5 (4.2)

P value1

52.1 ± 9.0

0.0472

0.066

27 (38.0)
15 (30.6)

0.4023

0.492

32 (33.3)
10 (41.7)

0.4443

0.42

11 (33.3)
31 (35.6)

0.8143

0.885

34 (38.2)
8 (25.8)

0.2133

0.407

38 (34.9)
3 (42.9)
1 (25.0)

0.8824

0.832

Yes

1
P-values were adjusted for age, sex, KPS, primary tumor site, histology
and treatment regimen in logistic regression models; 2P-value was
calculated using two-sided t tests; 3P-values were calculated using twosided χ 2 tests; 4P-value was calculated using Fisher’ exact tests. KPS:
Karnofsky performance status.

109 (90.8)
7 (5.8)
4 (3.3)
10.2 ± 4.3
3.1-26.9

[21]

patients received the FOLFIRI regimen , 7 (5.8%)
[21]
patients received the mXILIRI regimen , and the rest
(3.3%), who could not bear combined chemotherapy,
[22]
were treated with irinotecan alone .
The mean ± SD of TBil was 10.2 ± 4.3 (range
3.1-26.9), and the mean ± SD of UBil was 7.2 ± 3.1
(range 2.5-19.2). Eighty-four (70%) patients harbored
the UGT1A1*28 (TA)6/6 genotype, and 36 (30%)
patients harbored variant genotypes, including 34
(28.3%) (TA)6/7 and 2 (1.7%) (TA)7/7 genotypes.
As shown in Table 2, there were no significant
differences between patients who had an objective
tumor response [complete response (CR) + partial
response (PR)] and those who had stable disease or
progressive disease (PD) with respect to sex, KPS,
primary tumor site, histology and treatment regimen.
The mean age was slightly different between the two
groups classified by objective response (P = 0.047).
Patients with older age tended to have an increased
likelihood of objective response (P = 0.066).

7.2 ± 3.1
2.5-19.2
84 (70.0)
34 (28.3)
2 (1.7)

1

Variants were in Hardy-Weinberg equilibrium (P > 0.05). KPS: Karnofsky
performance status.

review of the study was performed by a biomedical
statistician.

RESULTS
Demographic and clinical characteristics of patients

A total of 120 Han Chinese patients with recorded serum
bilirubin data and who were available for response
assessment were enrolled. Follow-up information was
updated in April 2015 when 58% of the patients were
deceased. The mean duration of follow-up is 26 mo
(range 5-55 mo).
The baseline patient characteristics and tumor
biological factors are shown in Table 1. The median
age by the time of diagnosis was 50 years (range
18-72 years); 59.2% were males; 20.0% of patients
had a KPS less than 80%; and 74.2% of patients were
characterized as having a glandular histology. The
primary tumors that were proximal or distal to the
splenic flexure were categorized as right-sided (n =
33) or left-sided (n = 87), respectively, as described
[20]
by Loupakis et al . One hundred and nine (90.8%)

WJG|www.wjgnet.com

P value

Objective response

Serum bilirubin levels and UGT1A1*28 genotypes

As shown in Figure 1, patients with UGT1A1*28 (TA)6/7
or (TA)7/7 genotype had an increased likelihood of
having a higher TBil (P = 0.018, t tests) and a higher
UBil (P = 0.014, t tests) level compared with the
(TA)6/6 genotype. The mean and SD of TBil was 11.9
± 5.5 for (TA)6/7 or (TA)7/7 patients, and 9.5 ± 3.4
for (TA)6/6 patients. The mean and SD of UBil was 8.5
± 3.9 for (TA)6/7 or (TA)7/7 patients, and 6.7 ± 2.5
for (TA)6/6 patients.
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A

15

B

P = 0.018

P = 0.014

10
8

TBil level

UBil level

10

5

6
4
2

0

0
(TA)6/6

(TA)6/7 or 7/7

(TA)6/6

(TA)6/7 or 7/7

Figure 1 Serum total bilirubin and unconjugated bilirubin levels between UGT1A1*28 (TA)6/6 and (TA)6/7 or (TA)7/7 genotype. Patients with UGT1A1*28 (TA)6/7
or (TA)7/7 genotype had an increased likelihood of (A) higher TBil (P = 0.018) and (B) higher UBil (P = 0.014) levels compared with (TA)6/6 genotype. TBil: Total
bilirubin; UBil: Unconjugated bilirubin.

Table 3 Association between UGT1A1*28 genotypes and response to treatment n (%)
UGT1A1*28
genotype

(TA)6/6
(TA)6/7 or
(TA)7/71

Complete Partial
response response
3 (3.6)
1 (2.8)

33 (39.3)
5 (13.9)

Stable
disease
34 (40.5)
18 (50.0)

Progressive Objective response
disease
n
Yes
14 (16.7)
12 (33.3)

84
36

2

36 (42.9)
6 (16.7)

Simple analysis
OR

95%CI

1.000 (ref.)
0.267
0.100-0.709

Multiple analysis

P value
0.008

OR

3

P value

95%CI

1.000 (ref.)
0.244
0.088-0.678

0.007

1

In the dominant model; 2Yes, partial and complete response; 3Multiple analyses were adjusted for age, sex, KPS, histology, primary tumor site and
treatment regimen. KPS: Karnofsky performance status.

Table 4 Association between serum total/unconjugated bilirubin levels and response to treatment
Objective response
Serum total bilirubin
> 13.0
≤ 13.0
Serum unconjugated bilirubin
> 4.1
≤ 4.1

1

Simple analysis

Multiple analysis

2

n

Yes (%)

OR (95%CI)

P value

OR (95%CI)

P value

24
96

4 (16.7)
38 (39.6)

1.000 (ref.)
3.276 (1.038-10.333)

0.043

1.000 (ref.)
3.874 (1.127-13.319)

0.032

107
13

33 (30.8)
9 (69.2)

1.000 (ref.)
5.045 (1.450-17.561)

0.011

1.000 (ref.)
5.923 (1.561-22.479)

0.009

1

Yes, partial and complete response; 2Multiple analyses were adjusted for age, sex, KPS, histology, primary tumor site and treatment regimen. KPS:
Karnofsky performance status.

UGT1A1*28 polymorphism and objective response

TBil and UBil values and objective response

As shown in Table 3, the objective response was
observed in 42 (35.0%) of 120 patients, including
4 CRs (3.3%) and 38 PRs (31.7%). Stable disease
was observed in 52 (43.3%) patients, and PD was
observed in 26 (21.7%) patients.
Patients harboring the minor allele of UGT1A1*28
(TA)6>(TA)7 had a reduced likelihood of objective
response compared with the wild-type genotype (OR
= 0.267; 95%CI: 0.100-0.709; P = 0.008). In the
multiple logistic regression model, the (TA)6/7 or
(TA)7/7 genotype remained significantly associated
with a decreased objective response rate (OR = 0.244;
95%CI: 0.088-0.678; P = 0.007) compared with the
(TA)6/6 genotype.
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The optimal Youden Index-based cut-off points
were 13.0 µmol/L and 4.1 µmol/L for TBil and UBil,
respectively. As shown in Table 4, in the simple
analysis, patients with TBil ≤ 13.0 had an increased
likelihood of an objective response to treatment
compared with the TBil > 13.0 individuals (OR =
3.276; 95%CI: 1.038-10.333; P = 0.043). The
association remained significant in multiple analyses
adjusted for age, sex, KPS, histology, primary tumor
site and treatment regimen (OR = 3.874; 95%CI:
1.127-13.319; P = 0.032). Patients with UBil ≤ 4.1
had approximately a 5-fold higher likelihood of having
an objective response compared with the UBil > 4.1
individuals (OR = 5.045; 95%CI: 1.450-17.561; P =
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Table 5 Association between combined bilirubin levels and response to treatment
Combined bilirubin levels

1

Objective response

Group 1
Group 2
Group 3

2

Simple analysis

Multiple analysis

3

n

Yes (%)

OR (95%CI)

P value

OR (95%CI)

P value

24
83
13

4 (16.7)
29 (34.9)
9 (69.2)

1.000 (ref.)
2.685 (0.838-8.604)
11.250 (2.286-55.367)

0.096
0.003

1.000 (ref.)
3.215 (0.918-11.255)
16.001 (2.802-91.371)

0.068
0.002

1

Group 1: individuals with total bilirubin > 13.0 and unconjugated bilirubin > 4.1; Group 2: individuals with total bilirubin ≤ 13.0 and unconjugated
bilirubin > 4.1; Group 3: individuals with total bilirubin ≤ 13.0 and unconjugated bilirubin ≤ 4.1; 2Yes, partial and complete response; 3Multiple analyses
were adjusted for age, sex, KPS, histology, primary tumor site and treatment regimen; KPS: Karnofsky performance status.

increase in the likelihood of an objective response in
the simple (OR = 11.250; 95%CI: 2.286-55.367; P
= 0.003) and multiple (OR = 16.001; 95%CI: 2.802
-91.371; P = 0.002) analyses (Table 5).
To compare the classifier’s performance of CoBil and
UGT1A1*28, an ROC analysis was used. Considering
that age may be a potential predictor of objective
response, we drew ROC curves of age + CoBil
(AgeCoBil) and age + UGT1A1*28 (AgeUGT1A1*28),
as shown in Figure 2. The areas under the curves (AUCs)
were 0.686 (95%CI: 0.587-0.785) and 0.672 (95%CI:
0.576-0.768) for AgeCoBil and AgeUGT1A1*28,
respectively. Therefore, CoBil had a comparable perfor
mance for predicting objective response to UGT1A1*28.

1.0

Sensitivity

0.8

0.6

0.4
AgeCoBil
AgeUGT1A1*28
0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

DISCUSSION

1.0

Variables

AUC

SE

P value

95%CI

AgeCoBil

0.686

0.050

0.001

0.576-0.785

AgeUGT1A1*28

0.672

0.049

0.002

0.576-0.768

This study evaluated whether serum bilirubin levels
and UGT1A1*28 polymorphism could predict treatment
response of mCRC patients treated with irinotecanbased chemotherapy in a Chinese population. We
found that patients with TBil ≤ 13.0 and UBil ≤
4.1 had a 16-fold higher likelihood of objective
response compared with the TBil > 13.0 and UBil >
4.1 individuals; patients carrying the UGT1A1*28
(TA)7 allele were 4-fold less likely to present with an
objective response compared with the individuals
harboring the homozygous (TA)6 genotype.
Consistent with previous observations, we also found
that the UGT1A1*28 variant genotypes were correlated
[13,14,21,23]
with higher serum TBil and UBil levels
. Patients
harboring the UGT1A1*28 variant genotypes have a
decreased ability to glucuronidate bilirubin, resulting
in relatively elevated levels of unconjugated bilirubin
[24,25]
as well as total bilirubin
. At the same time, the
metabolism of SN-38 is reduced, leading to higher
[26,27]
SN-38 exposures in those patients
.
However, either in patients with the higher bilirubin
levels or in patients harboring the UGT1A1*28 variant
genotypes, the response rate to irinotecan-based
therapy was lower than in the others. The reduced
response rate is not due to the toxicity-related dosereduction because no significant difference in terms of
dose-reduction and chemotherapy cycles was observed
between the groups classified by the UGT1A1*28
genotypes or CoBil (data shown in the Supplementary
Material).

Figure 2 Receiver operating characteristic analysis of AgeCoBil and
AgeUGT1A1*28 in predicting objective response. AgeCoBil included age (as
a continuous variable) and CoBil (as a trichotomous variable). AgeUGT1A1*28
included age and UGT1A1*28 genotypes (as a dichotomous variable).
Classifier’s performance of CoBil and UGT1A1*28 was comparable. AUC:
Area under the curve; TBil: Total bilirubin; UBil: Unconjugated bilirubin; CoBil:
Combined TBil and UBil.

0.011) in the simple analyses. The multiple analysis
also showed a significantly increased likelihood of
an objective response in patients with UBil ≤ 4.1
compared with the UBil > 4.1 individuals (OR = 5.923;
95%CI: 1.561-22.479; P = 0.011).

Combined TBil and UBil and objective response

Based on the combined TBil and UBil values (CoBil),
patients were classified into three groups: Group 1
patients harbored TBil > 13.0 and UBil > 4.1; Group
2 patients harbored TBil ≤ 13.0 and UBil > 4.1; and
Group 3 patients harbored TBil ≤ 13.0 and UBil ≤ 4.1.
Compared with Group 1, Group 2 had a trend towards
an increased likelihood of an objective response in the
simple (OR = 2.685; 95%CI: 0.838-8.604; P = 0.096)
and multiple (OR = 3.215; 95%CI: 0.918-11.255; P =
0.068) analyses, and Group 3 had more than a 10-fold
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It is pharmacologically plausible that the UGT1A1*28
genotype is associated with irinotecan treatment
efficacy. However, published data from different
[16,28]
clinical studies are inconsistent
. Our result was in
[29]
agreement with the observations by McLeod et al
that the homozygous UGT1A1*28 patients showed
a trend toward a decreased response rate, but our
[30]
result was opposite to the findings by Toffoli et al
that the homozygous UGT1A1*28 patients had a
higher response rate than the wild genotype patients.
These inconsistencies may be due to different study
populations, distinct study designs and diverse schedules
of irinotecan treatment used.
Data with respect to bilirubin and irinotecan-based
therapy were limited. Two articles based on previous
clinical trials suggested that baseline bilirubin was
predictive of grade 3 to 4 neutropenia but not severe
[31,32]
diarrhea or therapeutic efficacy
. These trials were
conducted in mCRC patients administered with singleagent irinotecan as second-line chemotherapy, and the
analyses were performed retrospectively. In contrast,
the current study was conducted prospectively in a
Chinese patient population treated with irinotecanbased first-line chemotherapy. The treatment response
in first-line therapy is less likely to be confounded by
other regimens than that in second-line therapy, and
prospective data has a higher level of evidence than
retrospective data.
It is proverbial that initial treatment provides the
best opportunity for disease palliation or control. The
response rate could be reduced from 56% in first-line
[7]
chemotherapy to 4% in second-line chemotherapy .
Hence, biomarkers that could improve therapeutic
efficacy by stratifying patients using their predictive
effects are of great importance to practitioners and
[33]
patients alike . For the inconsistency of UGT1A1*28
as a predictor for therapeutic efficacy, UGT1A1*28
genotyping has not been used as a routine test in
clinic. However, serum bilirubin level is detected prior
to the commencement of each cycle of chemotherapy.
The predictive value of baseline bilirubin in tumor
response to irinotecan-based therapy is a novel finding
in Chinese mCRC patients. As predictors of irinotecantreatment response, CoBil has a comparable classi
fier’s performance to UGT1A1*28, and the predictive
power is more significant. With validation, CoBil could
facilitate stratification of patients for optimal first-line
therapy options without extra examinations.
There are some limitations in the current study.
First, the study is limited by the restricted number of
samples, and requires confirmation in independent
external patient cohorts. Second, the result is derived
from a unicentral population. Although the research is
based on a multicenter clinical trial, only participants
at Tongji Hospital are equipped with complete records
of baseline bilirubin. Finally, for the longitudinal design,
not all patients received standardized treatment
schedules as strict as those described in international
clinical trials. However, from another perspective,
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the longitudinal study may represent the treatment
experience of patients in a more literal way.
In conclusion, CoBil, as a parameter combining TBil
and UBil values, might be clinically useful for predicting
treatment response in mCRC patients treated with
irinotecan and may help clinicians make informed
decisions about first-line treatment selection without
extra examinations. We also found that UGT1A1*28
polymorphism is a predictor of treatment response.
However, the results need to be validated in other
independent prospective studies, and the classifiers for
bilirubin warrant verification in cohorts with sufficient
power to detect their predictive accuracy.
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Background

Irinotecan-based therapy is one of the most important fundamental
chemotherapy regimens for metastatic colorectal cancer (mCRC). More than
40% of CRC patients will eventually develop metastases and possibly receive
irinotecan treatment during the course of the disease. As a first-line treatment,
the response rate to irinotecan-based therapy is approximately 35%-55%. No
biomarker has been validated for predicting the individual likelihood of response
to irinotecan treatment in mCRC patients. The current study was designed
to evaluate the predictive effects of baseline serum bilirubin levels and UDPglucuronosyltransferase (UGT)1A1*28 polymorphism on treatment response of
mCRC to irinotecan-based chemotherapy.

Research frontiers

Baseline bilirubin has been reported to be associated with irinotecan-induced
toxicity. Pharmacological studies demonstrate that SN-38 (the active metabolite
of irinotecan) and bilirubin are glucuronidated in the same pathway, and the
activity of glucuronidation is influenced by UGT1A1*28 polymorphism.

Innovations and breakthroughs

Literature suggested a connection between circulating bilirubin, UGT1A1*28
polymorphism and irinotecan-induced toxicity. However, the predictive role of
bilirubin and UGT1A1*28 regarding treatment outcome of irinotecan-based
therapy has been conflicting. For the first time, the authors found that CoBil
(an indicator combining the cutoff values of total bilirubin and unconjugated
bilirubin) and UGT1A1*28 were both independent biomarkers for predicting the
treatment response of mCRC to irinotecan-based chemotherapy in a Chinese
population.

Applications

After validation, CoBil, an easily determinable index in the clinic, might be
helpful in facilitating stratification of mCRC patients for individualized treatment
options.

Terminology

TBil and UBil are total bilirubin and unconjugated bilirubin for short, respectively.
CoBil is an indicator combining the cutoff values of TBil and UBil. SN-38 is
7-ethyl-10- hydroxycamptothecin for short. SN-38 is the active metabolite of
irinotecan and associated with irinotecan-treatment efficacy.

Peer-review

The authors have performed a good study, and the manuscript is interesting
and has clinical relevance.
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Abstract
Pancreaticoduodenal artery aneurysms are a rare type
of visceral artery aneurysm, whose rupture is associated
with high mortality. These aneurysms are of particular
interest because local haemodynamic change caused
by coeliac artery obstruction plays an important role
in their development. However, the pathophysiological
mechanism of coeliac artery obstruction is not
completely understood. Pressure from the median
arcuate ligament is most frequently reported cause.
Although it is well-known that stenosis or occlusion of
the visceral vessels may be caused by aortic syndrome,
reports of pancreaticoduodenal artery aneurysm
associated with coeliac artery occlusion due to aortic
syndrome are extremely rare. Our case indicates a new
aetiology for a pancreaticoduodenal artery aneurysm
and demonstrates the rapid deterioration of the patient
affected.
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Core tip: Approximately 60% of patients with
pancreaticoduodenal artery aneurysms presented
with rupture have an attending mortality rate of 50%.
With the development of the device and techniques,
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transcatheter arterial embolotherapy has decreased the
mortality to as low as 0%. Therefore, early detection
and treatment is necessary to improve prognosis of the
case.

hospital care.
On arrival, his vital signs were normal and initial
laboratory data were: white blood cell count 20190/
3
mm , D-dimer 85.9 μg/mL, and C-reactive protein 3.0
mg/dL, with other parameters, including haemoglobin,
prothrombin time, activated partial thromboplastin
time, and serum amylase levels within normal limits.
However, the patient lost consciousness and became
hypotensive (74/40 mmHg) during transfer to the
CT room 10 min after arrival in the emergency room.
Contrast-enhanced CT revealed an aortic IMH and a
large retroperitoneal haematoma involving the head of
the pancreas and duodenum (Figure 2A and B).
The patient underwent visceral angiography
for localization of the site of injury and to control
bleeding. The arteriogram showed complete occlusion
at the root of the coeliac artery, collateralization from
SMA through the pancreaticoduodenal arcade and a
saccular aneurysm of the inferior PDA (Figure 2C). The
patient was, therefore, diagnosed with retroperitoneal
bleeding caused by a ruptured PDA aneurysm.
Selective microcoil embolization proximal and distal
to the aneurysm was successfully performed. A clear
CT performed at our hospital revealed anterior branch
aneurism of inferior PDA (Figure 2B). The patient
recovered completely and has been doing well for 5
mo.

Sakatani A, Doi Y, Kitayama T, Matsuda T, Sasai Y, Nishida N,
Sakamoto M, Uenoyama N, Kinoshita K. Pancreaticoduodenal
artery aneurysm associated with coeliac artery occlusion from
an aortic intramural hematoma. World J Gastroenterol 2016;
22(16): 4259-4263 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i16/4259.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i16.4259

INTRODUCTION
Sutton and Lawton first reported a pancreaticoduodenal
artery (PDA) aneurysm associated with coeliac axis
occlusion in 1973 and since then 93 such cases have
[1]
been reported . Obstruction of the coeliac artery
leads to collateralization of the hepatic and splenic
arteries through the superior mesenteric artery
(SMA). Increased blood flow in the small and fragile
pancreaticoduodenal arcade vessels may contribute
[1,2]
to aneurysm development . Here we report what
is, to the best of our knowledge, the second case in
the English-language literature of a PDA aneurysm
associated with occlusion of the coeliac artery due to
aortic syndrome.

DISCUSSION
PDA aneurysms are rare and account for 2% of all the
[3]
splanchnic artery aneurysms . PDA aneurysms may
either be true aneurysms, resulting from a primary
abnormality of the vessel wall, or false aneurysms,
resulting from injury and erosion of the vessel wall,
most commonly after trauma or inflammation (e.g.,
pancreatitis). Most cases of true PDA aneurysm
[1,2]
are reported in patients in their 50s , suggesting
a different aetiology from that of atherosclerotic
aneurysms reported in the elderly. In fact, coeliac axis
stenosis has been identified in 60%-75% of patients
[4]
diagnosed with true PDA aneurysm . In contrast, the
reported incidence of coeliac axis stenosis ranges from
[2]
12.5% to 24% in the general population .
Obstruction of the coeliac artery leads to colla
teralization of the hepatic and splenic arteries through
the SMA. Increased blood flow in the small and
fragile pancreaticoduodenal arcade vessels is likely
[1]
to contribute to aneurysm development . However,
the pathophysiological mechanism of coeliac artery
obstruction remains to be elucidated. Pressure from the
median arcuate ligament (MAL) is the most frequently
[1]
reported cause . Although it is well known that
spontaneous aortic syndrome may cause occlusion of
the aortic side branch, to the best of our knowledge,
only one Japanese patient with ruptured PDA aneurysm
associated with acute aortic syndrome involving the
[5]
coeliac axis has been reported . In that report, CT
at symptom onset confirmed the presence of MAL

CASE REPORT
An apparently healthy 60-year-old man developed
sudden and severe upper abdominal pain and was
admitted to a local hospital. He did not feel nausea
or other symptoms of visceral ischemia. There was
no history of any cardiovascular disorder, connective
tissue disorders, chest injury, and familial history of
aortic syndrome. The aortic dissections detection
risk score was 1. Initial plain computed tomography
(CT) performed 5 h after onset of symptoms showed
a dilated descending aorta and hyperattenuated
collection located eccentrically within the aortic wall
(Figure 1A). However, the attending physician could
not recognize it and the cause of abdominal pain
remained unclear. Therefore, contrast-enhanced CT
had to be performed 6 h after the onset of symptoms,
which revealed crescentic and asymmetric wall
thickening of the descending aorta: Contrast is not
visualized within the aortic media. Intimal flap was not
detected. A diagnosis of aortic intramural hematoma
(IMH) extending from the distal aortic arch to the
level of the coeliac artery was made (Figure 1B-D).
The root of the coeliac artery was compressed by IMH
(Figures 1D and 2A). The patient was transferred to
our hospital 8 h after symptom onset. This patient
was not administered any drug which would affect
the coagulation during the period of pre-hospital to
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A

B

C

D

Figure 1 Initial computed tomography performed at local hospital before the onset of hypotension. A: Plain computed tomography (CT) demonstrating dilated
descending aorta and hyperattenuated collection located eccentrically within the aortic wall (arrow); B: Contrast-enhanced CT revealed crescentic and asymmetric
wall thickening of the descending aorta: Contrast is not visualized within the aortic media. Intimal flap was not detected; C: An aneurysm at the anteroinferior
pancreaticoduodenal artery (arrow); D: The occluded root of the coeliac artery (arrow).

A

B

C

Figure 2 Subsequent contrast-enhanced computed tomography and arteriography performed at our hospital, after the onset of hypotension. A:
Multidetector computed tomography (CT) performed at our hospital showing the root of the coeliac artery compressed and occluded by the false lumen more
clearly than that performed at a local hospital; B: CT scan showing a large haematoma in the right prerenal space (arrow head) and the aneurysm of anteroinferior
pancreaticoduodenal artery (arrow); C: Arteriogram of the superior mesenteric artery (SMA) showing blood flow reversal from the SMA to the hepatic artery through
the pancreaticoduodenal arcade, due to coeliac trunk occlusion and a saccular aneurysm of the inferior pancreaticoduodenal artery (PDA) (arrow).
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Differential diagnosis

with acute aortic dissection. Therefore, the authors
speculated that both MAL and aortic dissection played
a role of causative factor to develop the aneurysm.
However, our patient showed no other factor causing
coeliac artery occlusion without aortic IMH. Aortic
IMH are considered as a variant of aortic dissection,
accounting for 10%-30% of all acute aortic syndromes.
Despite the difference in the pathophysiology, the
prognosis for thoracic aortic dissections and IMH is
similar. Although IMH is less likely to be associated with
the branch artery occlusion compared with the typical
aortic dissection, there have been some reports on
[6-8]
ischemia due to IMH .
Although the duration of the coeliac artery occlusion
from aortic IMH was limited in our case, we speculate
that this is a causative factor contributing to PDA
aneurysm development and rupture because of an
interesting characteristic of PDA aneurysms. Although
most visceral artery aneurysms show a correlation
between the size and the frequency of rupture, this
[1,9,10]
does not apply to PDA aneurysms
. Because
true aneurysms of the splenic and hepatic artery,
accounting for 70% of all visceral artery, rarely rupture
[11,12]
when they are < 2 cm
, it is generally believed that
visceral aneurysm require a lot of time to develop and
rupture. However, PDA aneurysms have not shown
a clear correlation between size and propensity to
[1,9,10]
[1]
rupture
. Brocker et al reported a size variance
from 3 to 40 mm (mean 15.2 mm) for ruptured PDA
aneurysm. In his report, at least 24 patients bled from
aneurysm < 2 cm and 14 patients bled from aneurysm
< 1 cm. This suggests PDA aneurysms may rupture
within short time after development. Therefore, we
conclude that the celiac artery obstruction due to aortic
IMH played an important role in the development and
rupture of PDA aneurysm in this case, even in a limited
duration of time.
It is difficult to make diagnosis of PDA aneurysms
before the occurrence of rupture because of the low
prevalence and nonspecific symptoms. Approximately
60% of patients with PDA aneurysms presented with
[2]
rupture have an attending mortality rate of 50% .
With the development of the device and techniques,
transcatheter arterial embolotherapy has decreased
[2]
the mortality to as low as 0% . Therefore, early
detection and treatment is necessary to improve
prognosis of the case.

Acute aortic ruputure, cardiac tamponade.

Laboratory diagnosis

Initial laboratory data showed elevation only of white blood cell count, D-dimer
and C-reactive protein.

Imaging diagnosis

Contrast-enhanced computed tomography showed retroperitoneal hematoma
and pancreaticoduodenal artery aneurysm associated with occlusion of the
coeliac artery due to aortic intramural hematoma.

Treatment

Transcatheter arterial embolization.

Related reports

Only one Japanese patient with ruptured PDA aneurysm associated with acute
aortic syndrome involving the coeliac axis has been reported.

Term explanation

Aortic intramural hematoma is a life-threatening aortic disease included within
acute aortic syndrome, together with aortic dissection and penetrating aortic
ulcer.

Experiences and lessons

PDA aneurysms, which is uncommon but life-threatening complications may
occur in patients with aortic syndrome involving the visceral arteries.

Peer-review

This case report describes the case of a 60-year old man affected by type
B aortic intramural hematoma, complicated by retroperitoneal bleeding of a
ruptured PDA aneurysm.
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Abstract
Acute obstructive suppurative cholangitis (AOSC)
due to biliary lithiasis is a life-threatening condition
that requires urgent biliary decompression. Although
endoscopic retrograde cholangiopancreatography
(ERCP) with stent placement is the current gold
standard for biliary decompression, it can sometimes
be difficult because of failed biliary cannulation. In this
retrospective case series, we describe three cases of
successful biliary drainage with recovery from septic
shock after urgent endoscopic ultrasound-guided
choledochoduodenostomy (EUS-CDS) was performed
for AOSC due to biliary lithiasis. In all three cases,
technical success in inserting the stents was achieved
and the patients completely recovered from AOSC
with sepsis in a few days after EUS-CDS. There were
no procedure-related complications. When initial
ERCP fails, EUS-CDS can be an effective life-saving
endoscopic biliary decompression procedure that
shortens the procedure time and prevents post-ERCP
pancreatitis, particularly in patients with AOSC-induced
sepsis.
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CASE REPORT
Patient 1

Core tip: We present 3 cases of urgent endoscopic
ultrasound-guided choledochoduodenostomy (EUS-CDS)
performed for acute obstructive suppurative cholangitis
(AOSC)-induced sepsis due to benign lesions. In all
three cases, technical success in inserting the stents was
achieved and the patients completely recovered from
AOSC with sepsis in a few days after EUS-CDS. Although
endoscopic retrograde cholangiopancreatography (ERCP)
with transpapillary stent placement is the current gold
standard for biliary decompression, this technique is not
always successful. In this situation, EUS-CDS can be an
effective life-saving biliary decompression procedure that
can shorten the procedure time and prevent post-ERCP
pancreatitis, particularly in patients with AOSC-induced
sepsis.

An 83-year-old woman with septic shock due to
common bile duct (CBD) stones was referred to
our hospital. Urgent ERCP had been performed at
a neighboring general hospital; however, biliary
cannulation was unsuccessful even with needle-knife
precut papillotomy. Intravenous norepinephrine had
been administered to maintain systolic blood pressure.
Her vital signs were as follows: Glasgow coma scale
(GCS) conscious level of E3V4M3, blood pressure of
75/55 mmHg, heart rate of 108 beats/min, and body
temperature of 39.2 ℃. Laboratory tests showed
an elevated inflammatory reaction [white blood cell
count (WBC), 38300/µL; serum C-reactive protein
(CRP) level, 17.7 mg/dL; and serum procalcitonin
(PCT), 64.3 ng/mL]. Elevated levels of serum liver
function parameters and bilirubin were also noted
[aspartate aminotransferase (AST), 123 IU/L; alanine
aminotransferase (ALT), 169 IU/L; alkaline phospha
tase (ALP), 220 IU/L; and total bilirubin, 5.2 mg/dL].
Computed tomography (CT) revealed large piledup CBD stones and dilatation of CBD. Because the
intrahepatic bile ducts were not dilated, percutaneous
transhepatic biliary drainage (PTBD) seemed to be
difficult. Thus, we decided to perform EUS-CDS. The
procedure was performed without intubation after
administration of a small amount of intravenous
midazolam. The depth of the patient’s sedation was
titrated by continuous monitoring with a bispectral
index monitor and a pulse oximetry. On EUS, the
dilated CBD was accessed from the duodenum bulb.
First, the CBD was punctured using a 19-gauge
needle (Sono Tip Pro Control; Medi-Globe, Rosenheim,
Germany) under echoendoscopic guidance (Figure 1A).
Bile was aspirated, and then contrast medium was
injected. A 0.025-inch guidewire (VisiGlide 2; Olympus
Medical Systems) was placed into the CBD. The fistula
was dilated using a 4-mm balloon catheter (ZARA;
Century Medical, Tokyo, Japan) (Figure 1B), and a
covered metallic stent (8-mm wide, 80-mm long;
WallFlex partially covered stent; Boston Scientific,
Natick, MA, United States) and a 6-Fr endoscopic
nasobiliary drainage catheter were inserted (Figure
1C). The duration for the procedure was 21 min. The
patient completely recovered in a few days and was
discharged 14 d after admission. One month later,
we removed the metallic stents and inserted two 7-Fr
plastic stents via the EUS-CDS fistula to keep it patent
(Figure 2). When we suggested options for performing
rendezvous technique via the CDS fistula or surgery
to extract the CBD stones, the patient and her family
did not choose to undergo these procedures because
she did not have any new symptoms. Therefore, we
decided to exchange stents semiannually. During 8 mo

Minaga K, Kitano M, Imai H, Yamao K, Kamata K, Miyata
T, Omoto S, Kadosaka K, Yoshikawa T, Kudo M. Urgent
endoscopic ultrasound-guided choledochoduodenostomy for
acute obstructive suppurative cholangitis-induced sepsis. World
J Gastroenterol 2016; 22(16): 4264-4269 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i16/4264.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i16.4264

INTRODUCTION
Acute obstructive suppurative cholangitis (AOSC) due
to biliary lithiasis is a life-threatening condition that
requires urgent biliary decompression. Endoscopic
retrograde cholangiopancreatography (ERCP) with
transpapillary stent placement is the current gold standard
for biliary decompression. Endoscopic transpapillary
stent placement can sometimes be difficult because
of failed biliary cannulation. Recently, endoscopic
ultrasound (EUS) guided biliary drainage (EUS-BD)
has been increasingly used as an alternative in pa
tients with malignant biliary obstruction after failed
[1-4]
initial ERCP . However, this technique is not usually
indicated for benign biliary lesions. Here we describe
three cases of successful biliary drainage with full
recovery from septic shock after urgent EUS-guided
choledochoduodenostomy (EUS-CDS) was performed
for AOSC-induced sepsis. All procedures were carried
out by a single experienced endoscopist (M.K.) at a
tertiary-care referral center. All EUS procedures were
performed using a therapeutic linear echoendoscope
(GF-UCT260; Olympus Medical Systems, Tokyo,
Japan) with carbon dioxide insufflation. The collection
of clinical data for this study was approved by the
Institutional Review Board of Kinki University Faculty
of Medicine and all study participants, or their legal
guardian, provided informed written consent prior to
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Figure 2 Images of biliary cannulation and plastic stent placement via
an endoscopic ultrasound-guided choledochoduodenostomy fistula. A:
A matured fistula was created where the removed metallic stent was placed.
The common bile duct (CBD) was cannulated via the EUS-CDS fistula using
an ERCP catheter and a guidewire was inserted; B: Two 7-Fr double pigtail
plastic stents were placed into the CBD via the EUS-CDS fistula. EUS-CDS:
Endoscopic ultrasound-guided choledochoduodenostomy; ERCP: Endoscopic
retrograde cholangiopancreatography.

C

ERCP had been attempted at a neighboring general
hospital. Biliary cannulation had failed because of the
presence of juxtapapillary diverticulum. The patient’
s vital signs were as follows: GCS conscious level of
E2V2M3, blood pressure of 193/92 mmHg, heart rate
of 120 beats/min, and body temperature of 39.8 ℃.
Laboratory tests showed an elevated inflammatory
reaction (WBC, 93600/µL; serum CRP, 11.6 mg/dL;
and serum PCT, 30.1 ng/mL). Elevated levels of
serum liver function parameters and bilirubin were
also remarkable (AST, 567 IU/L; ALT, 372 IU/L;
ALP, 1312 IU/L; and total bilirubin, 5.0 mg/dL). CT
revealed large multiple CBD stones, and the CBD
was dilated approximately 18 mm. Because urgent
biliary drainage was required to treat septic shock, we
performed EUS-CDS. The intrahepatic bile ducts were
slightly dilated on EUS; therefore, the dilated CBD was
punctured from the duodenum bulb using a 19-gauge
needle. A 0.025-inch guidewire was placed into the
CBD. Then, the fistula was dilated using a 7-Fr dilation
catheter, and a covered metallic stent (8-mm-wide
and 60-mm-long; WallFlex) was placed. The duration

Figure 1 Images of patient 1 who underwent urgent endoscopic
ultrasound-guided choledochoduodenostomy. A: EUS-guided common
bile duct (CBD) puncture; B: EUS-guided cholangiography showed large piledup CBD stones. Fistula track was dilated using a 4-mm balloon catheter; C: A
covered metallic stent and an endoscopic nasobiliary drainage catheter were
successfully placed via the duodenum bulb. EUS: Endoscopic ultrasound.

of follow-up, the patient was free of any symptoms
and we exchanged the stents endoscopically 6 mo
after the initial procedure.

Patient 2

An 85-year-old woman with septic shock due to
CBD stones was referred to our hospital. Urgent

WJG|www.wjgnet.com

4266

April 28, 2016|Volume 22|Issue 16|

Minaga K et al . Urgent EUS-CDS for AOSC

A

for ERCP and EUS-CDS procedures was 43 min and 18
min, respectively. The patient recovered fully in a few
days. One month later, we removed the plastic stent,
and because the guidewire was successfully advanced
through the papilla, we performed a rendezvous
technique via the EUS-CDS fistula (Figure 3). After
achieving transpapillary biliary cannulation, endoscopic
sphincterotomy was performed, and two stones were
removed using a retrieval balloon. Follow-up MRCP
obtained 6 mo later showed no recurrence of bile duct
stones.

B

DISCUSSION
Acute cholangitis is a systemic infectious disease
characterized by acute inflammation and biliary tract
infection. AOSC is a severe form of cholangitis in which
pus collects in the biliary tract. According to the newly
published Updated Tokyo Guidelines for management
of acute cholangitis and cholecystitis (TG13), biliary
tract drainage should be performed as soon as possible
[5]
in patients with AOSC ; otherwise, translocation of
bacteria into the bloodstream causes sepsis, which is
a fatal complication of acute cholangitis that induces
severe organ damage and high mortality. Endoscopic
retrograde biliary stenting is the current gold standard
treatment for acute cholangitis due to biliary lithiasis;
however, it may be impossible in patients with
selective cannulation failure of the major papilla. In
this situation, PTBD is an alternative method, but is
sometimes difficult when the intrahepatic bile ducts
are not dilated.
Since being first reported in 2001 by Giovannini
[1]
et al EUS-BD has been increasingly performed
as an alternative in patients with malignant biliary
[1-4]
obstruction for failed ERCP . Various techniques of
EUS-BD have been described, including EUS-CDS,
EUS-guided rendezvous (EUS-RV), and EUS-guided
antegrade stent placement. Among these, because
EUS-RV preserves the anatomical integrity of the
biliary tree and avoids permanent fistula creation, it
can be a first-line EUS-BD technique in patients with an
[6]
endoscopically accessible papilla . There still remain
technically challenging aspects, including difficulty in
negotiating the guidewire across the obstruction and
[6]
papilla . Furthermore, EUS-RV needs scope exchange
[7]
and may require a long procedure time . Püspök et
[8]
al indicated that, compared with EUS-RV, EUS-CDS
has several advantages. One is that the fistulous tract
created by a puncture of the bile duct is immediately
sealed within the same session, which minimizes the
risk of significant bile leakage. However, the main
indication for EUS-CDS was malignant distal biliary
obstruction due to pancreato-biliary malignancies. A
recent review, which included 36 studies of EUS-CDS,
found that EUS-CDS for benign biliary stricture was
[9]
performed in only two cases . For acute cholangitis
due to choledocholithiasis, EUS-CDS was performed

Figure 3 Images of a rendezvous technique via the endoscopic
ultrasound-guided choledochoduodenostomy fistula. A: The common bile
duct was cannulated via the EUS-CDS fistula and a guidewire was advanced
into the duodenum through the papilla; B: The guidewire was caught in the
duodenum and transpapillary biliary cannulation was succeeded.

for the procedure was 18 min. The patient recovered
completely in a few days and was discharged 12 d
after admission. One month later, we removed the
metallic stents and inserted two 7-Fr plastic stents
via the EUS-CDS fistula. We suggested options for
performing rendezvous technique or surgery in the
same manner as described in case 1, she did not wish
for these invasive procedures. Therefore, we decided
to exchange stents semiannually. During 4 mo of
follow-up, the patient was free of any symptoms.

Patient 3

An 80-year-old man with severe cholangitis due
to CBD stones was referred to our hospital. His
vital signs were as follows: GCS conscious level of
E3V4M5, blood pressure of 170/77 mmHg, heart rate
of 102 beats/min, and body temperature of 38.6 ℃.
Laboratory tests showed an elevated inflammatory
reaction (WBC, 13200/µL and serum CRP, 6.7 mg/dL).
Elevated liver function parameters and bilirubin level
were also noted (AST, 306 IU/L; ALT, 324 IU/L;
ALP, 1510 IU/L; and total bilirubin, 1.8 mg/dL).
His platelet count decreased to 96000/µL. He also
had disseminated intravascular coagulation (DIC)
(defined as an acute DIC score ≥ 4) complicated by
acute cholangitis induced-sepsis. CT revealed two
CBD stones with a diameter of 12 mm. Recombinant
human soluble thrombomodulin was administered to
treat DIC. Then, urgent ERCP was attempted. Deep
biliary cannulation failed even after using a doubleguidewire technique. To treat the sepsis, we performed
EUS-CDS in the same session. The dilated CBD was
punctured from the duodenum bulb using a 19-gauge
needle. A 0.025-inch guide wire was placed into the
CBD. Then, the fistula was dilated using a 7-Fr dilation
catheter, and a 7-Fr straight plastic stent (70-mm-long;
Flexima, Boston Scientific) was placed. The duration
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in only one case . Therefore, the indication for
benign biliary disease has not been established. In
our series, we experienced three cases of successful
urgent EUS-CDS for AOSC due to choledocholithiasis,
and there were no procedure-related complications
in any of the cases. We suggest that patients with
AOSC due to biliary lithiasis after failed ERCP could be
preferred candidates for EUS-CDS because endoscopic
procedure of long duration may lead to causing
increase in morbidity and mortality especially in elderly
patients with AOSC-induced sepsis.
The drainage of the CBD can be achieved by two
different types of stents, metal and plastic. In cases
1 and 2, covered metallic stents were deployed and
in case 3, plastic stent was deployed. According to a
recent systematic analysis, the post-procedure adverse
events were lower in the metallic stents although there
were no differences in technical and functional success
[11]
rates between metallic and plastic stents . In case 3,
the patient had increased risk of bleeding due to DIC.
Concerning this risk, we avoided to insert a metallic
stent for it needs fistula dilation using a balloon
catheter. We placed a nasobiliary tube through the
metallic stent in case 1 because the previous report
recommended the use of a nasobiliary drain for 48 h
[12]
to decrease the pressure in the punctured bile duct .
In case 2, we attempted to place the nasobiliary tube
but the guidewire slipped and failed to place it.
In one case, we extracted CBD stones using a RV
technique, and in the other two cases, the patients and
their families didn’t wish for RV technique or surgery
due to advanced age, we routinely exchanged the
plastic stents to keep the fistula patent. Endoscopic
transpapillary biliary stenting remains an effective
alternative for patients with stones difficult to manage
by conventional endoscopic methods and those who
[13,14]
are unfit for surgery or have high surgical risks
.
There is no standardized time period for routine
stent replacement of endoscopic transpapillary biliary
stenting. Stent patency rates declined rapidly from
[15]
94% at 6 mo to 79% at 12 mo and 58% at 24 mo .
Therefore we decided to exchange stents semiannually
in case 1 and 2.
Recent large studies have identified repeated
cannulation attempts with standard approach as a
[16]
risk factor for post-ERCP pancreatitis (PEP) . It is
important to change the procedure early to achieve
safe and effective bile cannulation with a shorter
procedure time. For prevention of PEP, EUS-CDS is a
more advantageous procedure because the pancreas is
untouched.
Although endoscopic retrograde biliary stenting has
been well-established technique for providing biliary
decompression in patients with bile duct obstruction, we
believe that EUS-CDS will be a suited salvage to patients
whom ERCP cannot be performed. There are still some
problems to be solved. One is that bile leak is a concern
during EUS-guided biliary interventions and previous
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studies have demonstrated that biliary leakage into the
peritoneal space is the most common complications
[3,4,17]
of EUS-BD
. Therefore, the development of new
comfortable stenting device that facilitates simultaneous
puncture/dilation is needed. If it becomes available,
EUD-CDS will become easier and safer in the future.
The limitations of this study were the small number
of patients, lack of a control group, and the inclusion of
only a single operator at a single tertiary-care referral
center.
In conclusion, with regards to a failed standard
ERCP, EUS-CDS can be an effective life-saving biliary
decompression procedure that can shorten the proce
dure time and prevent PEP, particularly in patients with
AOSC-induced sepsis. Further long-term studies with
a larger cohort are needed to prove the efficacy and
safety of this technique.
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Case characteristics

Three elderly patients (1 male, 2 female) presented with sepsis from acute
cholangitis.

Clinical diagnosis

Acute obstructive suppurative cholangitis (AOSC) with sepsis due to biliary
lithiasis.

Differential diagnosis

Tumors (pancreatic cancer, cholangiocarcinoma, ampullary cancer or
metastasis) or benign bile duct stricture/stenosis.

Laboratory diagnosis

The laboratory findings showed an elevated inflammatory reaction and elevated
levels of serum liver function parameters and bilirubin.

Imaging diagnosis

Computed tomography revealed common bile duct (CBD) stones and dilatation
of CBD.

Pathological diagnosis

Pathological examination was not performed in any of the patients.

Treatment

Urgent endoscopic ultrasound-guided choledochoduodenostomy (EUS-CDS)
via the duodenum bulb.

Related reports

EUS-CDS is commonly performed in patients with malignant distal biliary
obstruction due to pancreato-biliary malignancies. In contrast, there are few
reports performing this technique for benign biliary lesions.

Term explanation

EUS-CDS is a novel alternative technique for biliary drainage in patients for
whom endoscopic retrograde cholangiopancreatography (ERCP) has failed and
who prefer internal rather than percutaneous biliary drainage or surgical bypass
procedures.

Experiences and lessons

Urgent EUS-CDS for AOSC-induced sepsis due to biliary lithiasis can be an
effective life-saving endoscopic biliary decompression procedure that can
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the successful use of EUS-CDS in three patients with AOSC-induced sepsis
due to biliary lithiasis.
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Abstract

Institutional review board statement: This case report
was exempt from the Institutional Review Board standards
of Kangwon National University Hospital (Approval No.
2015-11-015).

Krukenberg tumor, a rare metastatic ovarian tumor
arising from gastrointestinal adenocarcinoma mainly,
tends to occur in premenopausal females. Finding the
origin of a Krukenberg tumor is crucial for determining
prognosis. In Eastern countries, the most common
origin of Krukenberg tumor is stomach cancer, which
is generally diagnosed via endoscopic biopsy to
investigate an abnormal mucosal lesion. Here, we
describe a case of huge adnexal mass in a 33-year-old
woman who presented with abdominal distension. Two
independent endoscopic examinations performed by
experts in two tertiary university hospitals revealed no
abnormal mucosal lesion. The patient was diagnosed
with a Krukenberg tumor according to findings from
random endoscopic biopsies taken from normal-looking
gastric mucosa in our hospital. It is very rare to be
diagnosed via a random biopsy in cases where three
well-trained endoscopists had not found any mucosal
lesion previously. Thus, in this case, random biopsy
was helpful in finding the origin of a Krukenberg tumor.
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Core tip: We describe a 33-year-old woman who was
diagnosed with Krukenberg tumor of gastric origin
after random biopsy taken during endoscopy for
normal-looking mucosa. Although three well-trained
endoscopists confirmed that there was no mucosal
lesion in the stomach, the random biopsy from the
corpus showed signet ring cell carcinoma. Clinical
significance of this case is that clinicians should
consider gastric malignancy for patients who have
Krukenberg tumor of which the origin has not been
found, even when the gastric mucosa appears to be
intact. For these patients, random gastric biopsy may
help to reveal the primary cancer.

Figure 1 A huge heterogeneous enhancing ovarian mass and peritoneal
metastatic lesions were observed. A: Computed tomography (CT) scan; B:
positron emission tomography-CT scan.

and abdominal distension for 3 mo was admitted to
a university hospital near her home. Examination
by abdomino-pelvic computed tomography (CT)
(Figure 1A) and positron emission tomography
(PET)-CT (Figure 1B) revealed a left, huge ovarian
mass and peritoneal metastatic lesions. To identify
primary origins, gastroscopy and colonoscopy were
performed, but showed no abnormal lesions (Figure
2A). Thereafter, she visited another tertiary university
hospital for a second opinion; the diagnostic tests
included repeat gastroscopy, which showed grossly
normal mucosa similar to the previous findings (Figure
2B). A fine-needle biopsy was then conducted at the
left supraclavicular lymph node (SCN), which yielded
positive findings for signet ring cell carcinoma in the
chest CT and the PET-CT (Figure 3A).
The patient was clinically diagnosed with Kru
kenberg tumor of an unknown primary origin. She
was transferred to our hospital for supportive care,
as she complained of severe pain and had poor oral
intake. Upon physical examination, her abdomen was
soft and distended, with a huge palpable mass in the
lower abdomen. Anemia, leukocytosis, electrolyte
imbalance, and high carbohydrate antigen (CA)125
level were found. Tests for carcinoembryonic antigen
(CEA) and CA19-9 markers were within normal
ranges. Based on the clinical aspects and outside
medical records that included radiologic imaging and
histological findings for the left SCN, we considered
the primary origin likely to be the upper digestive
tract; thus, we decided to conduct random endoscopic
gastric biopsy. It is important to note that the patient’
s performance status contraindicated an invasive
procedure, and consequently we did not perform any
surgical procedures, such as staging laparoscopy.
The endoscopic examination showed no abnormal
mucosal lesion in the region from the cardia to the
antrum, similar to the two previous endoscopic
findings (Figure 2C). Random biopsies were taken
from antrum (2 biopsies on the lesser curvature and
2 on the greater curvature) and body (1 biopsy on

Lee SH, Lim KH, Song SY, Lee HY, Park SC, Kang CD, Lee
SJ, Choi DW, Park SB, Ryu YJ. Occult gastric cancer with
distant metastasis proven by random gastric biopsy. World J
Gastroenterol 2016; 22(16): 4270-4274 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i16/4270.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i16.4270

INTRODUCTION
Stomach cancer is the fourth most frequent malig
nancy and the second leading cause of cancer death
[1]
worldwide . In South Korea, it is the second most
common type of cancer and the third leading cause
[2]
of cancer deaths . A Krukenberg tumor is an ovarian
metastatic carcinoma from a primary site, such as the
gastrointestinal tract. Patients with this tumor type
are generally between the ages of 40-years-old and
46-years-old, and present with variable symptoms.
Because Krukenberg tumors are initially diagnosed at
the highly advanced state, they have a poor prognosis;
the median overall survival period has been reported
[3]
as 7-14 mo . In Asian countries, stomach cancer
primary origin accounts for approximately 70% of the
[4-6]
Krukenberg tumor cases , with this origin generally
diagnosed via an endoscopic biopsy of an abnormal
mucosal lesion. Although there has been a similar
case report from Japan with identification during
[7]
autopsy , the case we are reporting here is the first
of Krukenberg tumor for which the primary origin was
confirmed via random endoscopic biopsy. Herein, we
report a case of Krukenberg tumor of gastric origin
diagnosed via random endoscopic biopsy of apparently
normal-looking gastric mucosa.

CASE REPORT
A 33-year-old woman with complaints of nausea
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Figure 2 No grossly abnormal lesion was observed in gastroscopy. A: Examination at first visit to the first hospital; B: At repeat visit to the second hospital; C: At
the last visit to our hospital. The black arrows indicate the random biopsy sites. Green matter is remnant gastric content.

A

B

Figure 3 Histopathologic findings. A: Lymph node needle biopsy; B: Gastric random biopsy; A and B: Hematoxylin-eosin staining and magnification × 400.
[5,6]

cancer, with an incidence range of 69.6%-72.0% .
Similar prevalence of metastatic ovarian cancers has
been reported for Korea; however, the most common
primary origin is the stomach (66.7%), followed by the
[4]
colon (17.6%) and the breast (5.6%) . Al-Agha and
[10]
Nicastri
reported that the prognosis of Krukenberg
tumor was worse for cases in which the primary tumor
was unidentified.
Krukenberg tumor often develops in premenopausal
[3,5,8]
[11]
females
. Yang et al
reported that more than
80% of signet ring cell carcinomas are the absorptive
and mucus-producing functional differentiation
type (AMPFDT). Since AMPFDT expresses estrogen
receptors, the proliferation and infiltration of signet
ring cell carcinoma are affected by the estrogen
level. Therefore, gastric signet ring cell carcinoma
commonly metastasizes to the ovary or the uterine
[11]
cervix, where the estrogen level is high . Other
possible pathways of metastasis of gastric cancer to
the ovary are the lymphatic routes. Krukenberg tumor
is an example of the selective spread of cancers, as is
very common in the stomach-ovarian axis. Retrograde
lymphatic spread is the most powerful candidate for
[10]
the metastatic route for several reasons . First,
microscopic lymphatic permeation at the hilum and
cortex has been observed in many cases. Second,
there have been several reported cases of Krukenberg
tumor with early gastric cancer that was limited to the

the lesser curvature and 4 on the greater curvature).
The morphological finding of carcinoma was signet
ring cell type adenocarcinoma, which was the same as
that of the left SCN (Figure 3B). Immunohistochemical
staining showed strong positivity for C-erbB2 (score of
3) and negativity for cytokeratin 7 and cytokeratin 20.
Therefore, the final diagnosis was Krukenberg tumor
of gastric origin.
On the day 9 after the patient’s hospital admission,
she underwent combination chemotherapy (trastuzumab,
5-FU, and cisplatin). However, the tumor had an
aggressive course and the patient died of systemic fungal
infection 2 mo later.

DISCUSSION
A Krukenberg tumor is considered a metastatic
cancer of the ovary, usually from the gastrointestinal
[8]
tract . There are some differences between Asian
and Western countries in the prevalence and primary
origin of metastatic cancer of the ovary. In Europe,
Krukenberg tumors reportedly account for 15% of
all ovarian malignancies, with the primary sites of
such cancers being gastrointestinal tract (39%),
[9]
breast (28%), and endometrium (20%) . On the
other hand, Krukenberg tumor has been reported in
29% of cases of metastatic ovarian cancer in Japan,
with the most common primary lesion being gastric
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mucosa and the submucosa, where a rich lymphatic
[12]
plexus exists . Lymphatic invasion can account for
the spread of early gastric cancer. Third, some studies
have demonstrated that greater number of metastatic
lymph nodes is associated with higher risk of ovarian
[13]
metastasis in gastric cancer .
Optimal treatment strategies for Krukenberg
tumors have not been established yet. The role of
surgical cytoreduction remains controversial; although,
cytoreductive surgery combined with chemotherapy
has been evidenced as an effective treatment of
[14]
primary ovarian cancer . A few studies have demon
strated surgery as capable of improving overall
survival of patients with Krukenberg tumor of primary
colorectal or breast cancer; on the contrary, patients
with Krukenberg tumor from primary gastric cancer did
[14,15]
not appear to benefit from cytoreductive surgery
.
Therefore, treatment plans need to be individualized
according to the type of primary cancer. The treatment
for our patient, described herein, followed the standard
guidelines for metastatic gastric cancer.
Prognosis of Krukenberg tumors is poorer than
that of primary ovarian cancer. In addition, the overall
survival of patients with Krukenberg tumor depends
[15]
on the primary origin. Jiang et al
reported that the
overall survival period of patients with Krukenberg
tumor of gastric origin was about 12 mo, similar to
that of patients with metastatic gastric cancer, whereas
the overall survival periods of patients with Krukenberg
tumor of the colon and other origins were 29.6 and
48.2 mo, respectively. Another study reported that the
presence of peritoneal seeding was the only significant
prognostic factor for Krukenberg tumor from gastric
[16]
primary cancer .
At times, gastric cancers can be overlooked, even
by expert gastroscopists. According to a Korean study,
Bormann type 3 advanced gastric cancer (AGC) in
the cardia of the stomach and Bormann type 4 AGC
at the greater curvature were the most commonly
[17]
overlooked types of gastric cancer . Overlooking the
lesions in the cardia was conjectured to be related to
the technical difficulty of the endoscopic approach. In
general, it is also considered difficult to find lesions
in the side of the body with greater curvature,
because they can be hidden by the gastric folds. In
our case, there was little possibility of a lesion being
overlooked, because three other endoscopists, who
were sufficiently trained in a university hospital, had
performed examination for abnormal mucosal lesions
specifically; no area was found to be covered with
the gastric folds during the endoscopy and the gastric
contents were completely emptied in the two previous
procedures. Besides, the patient did not show any
gastric fold thickening with poor expansibility, which
is one of the characteristic features of submucosal
spreading AGC.
In conclusion, it is very important to know
the origin of a Krukenberg tumor in order to plan
the treatment strategy and determine prognosis.
Unfortunately, about 10% of patients with Krukenberg
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tumor continue to have an unknown primary origin
despite various efforts at identification. In such cases,
multiple random gastric biopsies to further examine
endoscopically normal-looking mucosa can be helpful,
especially for Asian patients.

COMMENTS
COMMENTS
Case characteristics

A 33-year-old woman with no significant medical history complained of a 3-mo
history of nausea and abdominal distension.

Clinical diagnosis

The patient’s abdomen was soft and distended, with a huge palpable mass in
the lower abdomen.

Differential diagnosis

Primary ovarian cancer with metastasis, peritoneal carcinomatosis with ovary
involvement.

Laboratory diagnosis

Anemia, leukocytosis, electrolyte imbalance, and high carbohydrate antigen
(CA) 125 level were shown.

Imaging diagnosis

Computed tomography showed a 13.2 cm × 9.1 cm heterogeneous enhancing
mass in the left ovary and peritoneal infiltration, thickening, and ascites
suggesting peritoneal seeding.

Pathological diagnosis

Signet ring cell type adenocarcinoma.

Treatment

Combination chemotherapy (trastuzumab, 5-FU, and cisplatin).

Related reports

Krukenberg tumor is considered a metastatic cancer. However, for some cases,
primary cancer of the tumor may not be revealed. Outcomes can be different
according to knowledge of the origin.

Term explanation

Recently, a new cell-functional classification of gastric carcinomas was proposed,
and includes the absorptive and mucus-producing functional differentiation type
(AMPFDT). Most of the signet ring cell type adenocarcinomas found in this case
were AMPFDT.

Experiences and lessons

In selected cases, multiple random gastric biopsies obtained from
endoscopically normal-looking mucosa can aid in identifying the primary cancer
of Krukenberg tumor.

Peer-review

It’s an interesting report regarding the application of random biopsy in detecting
the primary origin site of the patient with a Krukenberg tumor.
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